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indications and Usage: NOLVADEX is effective in the treatment of 

metastatic breast cancer in postmenopausal women. Available gvi- 

dence indicates that erie Wosa whose tumors are estrogen 

pcsttive are more to benefit from NOLVADEX Y Oleh 

NOLVADEX in combination with cytotoxic chemother. 
redical or modified radical mastectomy fs effective In d Seale 
KARA ically curable breast cancer in postmenopausal women o 
or older with positive axillary nodes. In the Hubay and 

NSABP B-09 studies most of the benefit to date has been In the sub- 

group with 4 or more positive axillary nodes. The contrioutian of the 

cytotoxic chemotherapy ls uncertain. The estrogen and progesterone 

receptor values may help to predict whether the adjuvant therapy is 

libety to be beneficial. 

Cantraindications: None known. 
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acuity. 

in addition, a few casas of ocular as Including visual distur 
bance, corneal changes and/or retInopainy have basen reported In 
patients treated with NOLVADEX at recommended doses. It is uncer- 
tain if these effects are due to NOLVADEX. 

As with other additive hormonal therapy ( and ane EDE ooann) 
hypercalcemia has been reported in some cancer patients 
tone sonet within a few weeks of starting treatment with 
NOLVADEX. If hypercaicemia does occur, appropriate measures 
ghould be taken and, if savers, NOLVADEX shouid be discontinued. 
Precautlons: Genera’: NOLVADEX should be used cautiously in 
pee path eee or iiarnibacyinn enia. Observations 

leukopenia and thrombocytopenia occas have been made, 

Site Treena irene cece aie the NOL EX therapy. Tran- 
sient Gecreeses in platelet counts, usually to 50,000-100,000/cu mm, 

lower, have been occasionally reported in patients taking 
HOLV; for breast cancer. No hemorrhagic tendency has been 
recorded and the platelet counts returned to normal! levels even though 
treatment with NOLVADEX continued. 

Tests: Periodic complete blood counts, including platetet 


counts, may be appropriate. 

Car , Muta , impairment of Fertility: whe mo cor 
ventional has been conducted, endocrine ch 
mmature and mature mice were investigated In a 13-mont a Vari- 
zus tumors were found in all treated groups. 

No Mares leper or fertility studies been conducted. 

Pregnancy Category ©: VADEX has been shown to affect ra- 
productive uncas Ey cate Wiles gvon oes levee sone a 

igher than the human dose. In reproductive studies In rats, develop- 

mental changes of the rib were seen. There are no adequate and weil- 
controlled studies in nant women. NOLVADEX should be used 
eur pregnancy ony it the potential benefk justitles the potential risk 
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Mothers: Itis not known whether this drug fs excreted In 
human mik. Because many drugs are excreted In human mik and 
because of the potential for serious adverse reactions in nursing infants 
from NOLVADEX, a decision should be made whether to discontinue 
nursing or to discontinue the drug, taking into account the Importance 
of the Grug othe mothar 
Adverse ne: The most frequent adverse reactions to 
NOLVADEX are hot flashes, nausea, and vomiting. These may occur in 
deconinuation of patents, but are rarely severe enough to require 

tnuation of treatment 
Uently reported adverse raactions are vaginal bleeding, 

cars discharge, menstrual irregularities, and skin rash. Usually 
these have not been of sufficient severity to require dosage reduction 
or discontinuation of treatment. 

increased bone and tumor pain, and also local disease flare have 
occured, which are sometimes associated with a good tumor re- 
sponse. Patients with increased bone pain may require additional 

Patients with soft tissue disease have sudden In- 

creases In the size of preexisting lesions, associated with 
marked erythema within and surrounding the lesions, and/or the de- 
velopment of naw lesions. When they occur, the bone pain or disease 
eet a soon shortly after starting NOLVADEX and generally subside 
T A 

Other adverse reactions which are sean Infrequentty are nyper 
calcomia, poop alg? sal distaste for food, pruritus vuksa, 
depression, dizziness, fight-headedness, and headache. There have 
been i uent reports of thromboembolic events occurring during 
NOLVADEX therapy. Since for cancer patlente in general, an incensed 
incidence of throm bolic events is known to occur, a causal roja- 
tionship to NOLVADEX remains conjectural. An increased Incidence 
has been reported when cytotoxins are combined with NOLVADEX. 

If adverse reactions are severe, itis sometimes possible to control 
them by a simple reduction of dosage without loss of control of the 


in humans has not been reported. 
SE Oboe nad a at he highest Goses following studies to determine 
Ln Manny were reapiratoy difficulties and convulsions. No spe- 
for overdosage ts ; be 


and eveni 
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tablets and 250 tablets. Protect from heat and light 
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The Importance of Lipid Type in the Diet 


after Burn Injury 
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The effects of different types of dietary lipids were tested in 
burned guinea pigs. All diets were identical except for the type 
of tipid, with total energy intake from lipids equaling 10%. All 


- animals received a 30% total body surface area (TBSA) flame 


burn and were fed identically by pump-controlled gastrostomy 
feedings for 14 days. When compared to safflower oil (74% lin- 
oleic acid) as well as linoleic acid alone, fish oil (18% eicosa- 
pentaenoic acid or EPA) administration resulted in less weight 
loss, better skeletal muscle mass, lower resting metabolic ex- 
indices, higher splenic weight, lower adrenal weight, higher seram 
transferrin, and lower serum C3 levels. With the exception of 
better cell mediated immune responses in the animals fed linoleic 
acid, the administration of indomethacin made little difference. 
These findings can be explained by a reduction in the synthesis 
of the dienoic prostaglandins that are derived from the w6 series 
of fatty acids, some of which are significantly immunosuppres- 
sive. Regulation of dietary lipids may be an important therapeutic 
advance in nutritional support after burn injury, and controlled 
trials should be considered. 


HE USE OF LIPIDS for nutritional support after burn 
injury has been controversial. Advocates have 
promoted fat calories because the higher caloric 
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density of fats helps meet the hypermetabolic demands 


of burned patients and because burned patients have been 
shown to metabolize lipids normally or even at an accel- 
erated rate.’ Opponents to high lipid diets, while agreeing 
with the above, feel that high levels of lipids may be.harm- 
ful because of an adverse effect on immunological re- 
sponses and increased susceptibility to infection.” Using 
a highly standardized model of gastrostomy feeding in 
burned guinea pigs, we have shown that normal concen- 
trations of dietary lipids (30 or 50% of nonprotein calories 
using safflower oil as a lipid source) had an adverse effect 
with regard to measurement of muscle mass, N balance, 
and serum proteins including C3 and transferrin.* Further 
experiments showed that resting metabolic expenditures 
and immunological responses, including cell mediated 
immune responses and clearance of intradermally injected 


- bacteria, were improved when oleic acid was substituted 


werana 


for linoleic acid in the diet or when indomethacin was 
given with a safflower oil based lipid diet (7 4% linoleic 
acid). These findings suggested that overactivation of the 


- arachidonic acid pathway by providing excessive amounts 


of the precursor linoleic acid was responsible for the del- 
eterious effects of lipid in the diet. 
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TABLE 1. Groupings of Animals and Their Lipid Sources 


Calorie Intake 


after PBD 3 Lipid Intake 
Group Number Body Weight (g) (kcal/kg/day) (% of total energy) Lipid Source 
| 19 4i6+4 175 {0 Safflower oil (Microlipid®) 
H 23 41544 175 10 Linoleic acid 


423 +6 175 10 Fish oil (Max EPA®) 


The adverse effects of arachidonic acid pathway acti- 
vation on clotting and immunological responses can be 
reduced, at least in part, by substituting eicosapentaenoic 
acid in the diet for linoleic acid.’ The present study was 
performed to determine whether the use of dietary eico- 
Sapentaenoic acid in the form of fish oil could prevent 
some of the depressed immunological responses and other 
adverse effects of dietary linoleic acid after burn injury. 


Materials and Methods 


Sixty-six female Hartley guinea pigs (419 + 3 g) un- 
derwent a surgical procedure for the placement of an in- 
tragastric feeding tube that exited high in the intrascapular 
area. After 7 to 10 days to allow for complete recovery 
from the operation, a 30% total body surface area (TBSA), 
full thickness flame burn was inflicted in each animal. 
They were randomly assigned to receive one of three en- 
teral formulas, which differed only in the sources of lipid 


TABLE 2. Composition of the Diets (1 kcal/ml) 


Component Amount 

Fat: safflower oil* or 22.2 ml 

linoleic acidt or 12.3 ml 

fish olf 12.0 ml 
Protein (Pro-Mix®)§ 62.5 g 

Carbohydrates (Polycose®)! 350.0 ml 


Arginine hydrochloridet 2.5g 


Sodium chloride (2.5 mEq/ml) 24.0 ml 
Potassium chloride (2 mEq/ml) 10.0 mi 
Potassium acetate (2 mEq/ml) 24.0 ml 
Potassium phosphate (3 mM/ml) {0.0 ml 
Calcium gluconate (0.46 mEq/ml) 50.0 ml 
Magnesium sulfate (4 mEq/ml) 24.0 ml 
Mixture of trace elements (M.T.E.®-5)€ 6.0 ml 
MVI® concentrate# $.0 ml 
Vitamin C 500.0 mg 
Vitamin E 100.0 mg 
Choline chloride 500.0 mg 
Folic acid 2.0 mg 
Water q.s. to make total volume 

Total volume 1000.0 mi 


* Biosearch, West Orange, NJ. 

t Sigma Chemical Company, St. Louis, MO. 
ł R. P. Scherer Corporation, Clearwater, FL. 
§ Navaco Laboratories, Phoenix, AZ. 

" Ross Laboratories, Columbus, OH. 

§ LyphoMed, Inc., Melrose Park, IL. 

# USV Laboratories, Tuckahoe, NY. 


(Table 1). The gastrostomy procedure, burn protocol, and 
methods for enteral feeding are described in earlier re- 
ports. 48? 

Animals in group I, the control group, received saf- 
flower oil (Microlipid®, Organon Inc., West Orange, NJ) 
as the sole source of lipid. Group II animals received lin- 
oleic acid (Sigma Chemical Co., St. Louis, MO), and 
Group III animals received fish oil (MaxEPA®, R. P. 
Scherer Corp., Clearwater, FL), respectively, as their 
source of lipid. Microlipid is high in linoleic content (74%), 
while MaxEPA contains only 2% linoleic acid. Both lipid 
preparations have similar oleic acid content, 15% and 13%, 
respectively. In addition, MaxEPA contains a very high 
level of eicosapentaenoic acid (EPA; 18%) and docosa- 
hexaenoic acid (17%). 

Each diet provided 20% of calories as whey protein, 
70% as carbohydrate, and 10% as lipid. The vitamin and 
mineral contents of all diets were identical. All diets were 
supplemented with arginine HCI for its beneficial effect 
on wound healing.'° The composition of these diets is 
given in Table 2. 

Immediately after burn, the animals were given 20 ml 
Ringer’s lactate intraperitoneally and placed in individual 
metabolic cages. The gastrostomy tube was connected to 
a pump-controlled enteral infusion system for adminis- 
tration of the assigned diets. For the first 24 hours post- 
burn, all groups received 80 ml of lactated Ringer’s so- 
lution by gastrostomy. During the next 24 hours, the an- 
imals were administered one-third of the planned caloric 
intake to allow them to adapt to the diet. For the next 24 
hours, two-thirds strength diet was given, and full strength 
diet was administered thereafter. 

After the 72-hour adaptive period, all animals were 
given 175 kcal/kg/day, which approximately equaled the 
postburn daily energy expenditure of guinea pigs bearing 
a 30% TBSA full thickness burn and fed ad lib with Wayne 
Guinea Pig Pelleted Diet (Wayne Feeds Research Divi- 
sion, Libertyville, IL). To control the volume of liquid 
intake, the planned daily caloric intake was diluted to a 
final volume of 100 ml. This volume (2500 ml/M2/d) was 
infused continuously for 14 days. During this time, no 
oral intake was permitted, and the burn wound was not 
treated. The occurrence of diarrhea, defined as the dis- 
charge of unformed stool for at least 2 days, was recorded 
but not treated. The animals were weighed at the same 
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time daily. General appearance was observed and noted. 
All groups were killed after 14 days of enteral feeding. 

To block prostaglandin synthesis, indomethacin, an ir- 
reversible blocker of prostaglandin synthesis, was given 
intragastrically (2 mg/kg/day) by random assignment to 
part of the animals in group I (N = 8), group II (N = 8) 
and group IMI (N = 12), starting 24 hours before burn and 
continuing until the day they were killed. 

Resting metabolic expenditure (RME) was determined 
by the indirect calorimetry method 1 day before burn and 
on postburn days (PBD) 3, 6, 9, and 12. Each guinea pig 
was placed in a small chamber connected to a comput- 
erized respiratory gas monitor (Webb Associates Inc., 
Yellow Springs, OH) for 30 minutes. The volumes of O- 
consumed and CO, produced during the period were used 
to calculate the metabolic rate by using the Weir equa- 
tion.!! 

Cell-mediated immunity (CMI) was evaluated by sen- 
sitizing the animals to the hapten dinitrofluorobenzene 
(DNFB)!? by cutaneous application of 0.5 ml of 0.5% 
DNFB solution in 4:1 acetone olive oil mixture on PBD 
5. On PBD 12, ear thickness was determined, and 0.25 
ml of the 0.5% DNFB solution was applied to each ear. 
Ear thickness was measured again on PBD 13. Per cent 
ear swelling has been shown to be directly proportional 
to CMI.” 

At the animals’ death, serum samples were taken for 
serum protein determinations. Serum albumin concen- 
tration was measured by the bromocresol green method. 
Serum transferrin and C3 were measured by nephelometry 
using antihuman transferrin and antiguinea pig C3.° 

The liver, spleen, adrenal glands, gastrocnemius mus- 
cles, and carcass were weighed, as previously described.” 
Nitrogen (N) concentration was measured on homoge- 
nized liver (400 mg liver sample homogenized in 10 ml 
saline for 60 seconds), and the homogenized gastrocne- 
mius muscle (200 mg muscle sample) by Antek Nitrogen 
Detector (Antek Instruments Inc., Houston, TX) using 
the method of Ward et al.'* Total liver and total muscle 
N content were calculated. 

The entire small intestine was removed quickly when 
the animals were killed. A 10-cm segment of proximal 
jejunum, 15 cm beyond the pyloroduodenal junction, and 
a 10-cm segment of ileum (taken from the middle part 
of the small intestine) were excised for mucosal sampling. 
The mucosa of the jejunal and ileal segments were scraped 
according to the method of Levine et al., and the wet 
weight of mucosa was measured. 

Opsonic index was measured by a modification of the 
technique of Hirsch and Strauss’ adapted for guinea pigs, 
as previously described by Wunder et al.” 

Splenic macrophages were obtained by the following 
method. Guinea pigs were anesthetized and the spleens 
removed and placed in Hanks balanced salt solution, 
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TABLE 3, Mortality Rate of Burned Animals Receiving Different 
Dietary Lipid Sources 

Treatment Groups Died/Total % 

Safflower oil 1/11 9.09 
Safflower oil + I 1/8 12.50 
Linoleic acid 3/15 20.00 
Linoleic acid + I 0/8 0.00 
Fish oil 1/12 8.33 
Fish oil + I 2/12 16.67 


I = subgroups treated with indomethacin. 


without calcium or magnesium. With the use of an ice 
bath, the spleens were minced with forceps and a scalpel 
and filtered through gauze to remove debris. The mac- 
rophages were then counted and placed in culture dishes 
at a concentration of 2.5 X 10° in M199 media containing 
250 g/ml streptomycin, 250 I.U./ml penicillin, and 5% 


heat inactivated fetal calf serum. After | hour, the non- 


adherent cells were removed and the macrophages cul- 
tured for 24 hours. The supernatants were then removed 
and frozen to be tested for PGE, concentrations. PGE, 
concentrations were determined by radioimmunoassay '® 
using an assay kit (New England Nuclear, Boston, MA). 

Statistical analyses of the results were done by using 
the CLINFO Computer System in the General Clinical 
Research Center of the University of Cincinnati. Means 
and standard errors of the mean were calculated; Student’s 
t-test and ANOVA were used for comparisons where ap- 
propriate. 


Results 


The majority of animals survived until the day they 
were killed (Table 3). There were no significant differences 
in mortality between any groups of animals nor was there 
a difference in the occurrence of diarrhea (mild in only 
one or two animals per group). 

Figure 1 shows the course of postburn weight of each 
group, expressed as percentage of preburn weight. All 
groups lost weight rapidly during the first 72 hours of the 
adaptive period to the diet. After that, the fish oil groups 
had better weights than the safflower oil and linoleic acid 
groups. This trend continued until the end of the exper- 
iment on PBD 14. There was a significant difference in 
weight between the fish oil and linoleic acid groups from 
PBD 4 through PBD 14 (p < 0.05 to p < 0.001). The 
differences in weight were less when the fish oil group was 
compared with the safflower oil group and were significant 
only on PBD 4 (p < 0.01), PBD 11 (p < 0.05), and PBD 
12 (p < 0.05). Giving indomethacin did not have an effect 
on the weight of animals fed with any of the lipid sources. 

Resting metabolic expenditure, expressed as percentage 
of preburn level, is illustrated in Figure 2. All groups dem- 





% PREBURN WEIGHT 


= 0 $ 10 15 


POSTBURN DAY 


Fic. 1. Body weight of burned guinea pigs receiving different dietary 
lipids. Linoleic acid vs. fish oil from PBD 4 through PBD 14: p < 0.05 
to p < 0.001. Safflower oil vs. fish oil on PBD 4, PBD 11, PBD 12: p 
< 0.05 to p < 0.01. O safflower oil: @ safflower oil + 1; A linoleic acid: 
à linoleic acid + 1; 0 fish oil: @ fish oil + L 


onstrated gradual postburn hypermetabolism. The met- 
abolic rate of the fish oil group increased significantly less 
than that of the safflower oil group (PBD 6, p < 0.05, and 
PBD 9, p < 0.005) and linoleic acid group (PBD 3, p 
< 0.05, and PBD 9, p < 0.005). The metabolic rate of the 
safflower oil group and linoleic acid group showed similar 
trends, but there was no difference among them. Indo- 
methacin had no effects on the metabolic rate of animals 
on linoleic acid or fish oil. Only on PBD 6 in animals on 
the safflower oil diet did indomethacin cause a significantly 
lower metabolic rate (p < 0.05). 

The carcass weight of animals on linoleic acid was sig- 
nificantly lower than that of animals on fish oil (p < 0.005) 
(Table 4), but there were no differences among groups 
with or without indomethacin for gastrocnemius muscle 
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% PREBURN RME 
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FIG. 2. Resting metabolic expenditure of burned guinea pigs expressed 
as percentage of preburn levels. Linoleic acid vs. fish oil: **p < 0.005. 
Safflower oil vs. safflower oil + I: *p < 0.05. Safflower oil vs. fish oil: tp 
< 0.05, © safflower oil: @ safflower oil + I; A linoleic acid; a linoleic 
acid + 1; 0 fish oil: @ fish oil + L 


weight, spleen, or gut mucosal weight. The adrenal weights 
in animals fed linoleic acid was significantly greater than 
in animals fed fish oil (p < 0.05). The liver weights and 
liver nitrogen content of all groups were similar. However, 
the nitrogen content in the gastrocnemius muscles of the 
linoleic group was significantly higher than in animals fed 
fish oil (p < 0.05) and safflower oil (p < 0.05) (Table 5). 
Indomethacin increased the gastrocnemius nitrogen con- 
tent of animals fed safflower oil (p < 0.05) but decreased 
nitrogen content of animals on linoleic acid (p < 0.005). 

The serum albumin levels were essentially the same in 
all groups, but the serum transferrin levels were the high- 
est in animals fed fish oil (p < 0.05) (Table 5). In con- 
trast, the C3 levels of the fish oil groups were the lowest, 
while those of the linoleic group were the highest. Indo- 


TABLE 4. Body and Organ Weights of Animals at Death 
EDI OE O 


Safllower Oi 








Without I With | ‘ithout | 
rt HHO 


3ody weight (% of original weight) 84.9 +27 90.2 +33 


-arcass weight (% of original weight) 28.9 + 1.5 29.2 +08 
sastrocnemius muscle weight (g) 


-iver weight (g) H7 ELS 17.7 +14 
pleen weight (g) 0.70 + 0.05 0.93 +0.14 
drenal weight (g) 0.36 + 0.01 0.37 +0.02 






= subgroups treated with indomethacin. 


0.97 + 0.06 0.95 +0.06 






Linoleic Acid Fish Oil 
With I Without | With I 
82.7 +21 82.4 +30 90.4 + 14.3 88.5 + 1.4 
ep 0.05 my 
27.9 +0.9 26.5 + 1.7 31.6 +06 31.8 +0.7 
0.97 + 0.06 0.88 + 0.08 1.13 + 0.05 1.12 + 0.04 
17.6 + 1.3 14.7 +08 18.7 + 1.3 17.4 + 1,3 
p < 0.05 
0.69 + 0.09 0.65 + 0.04 0.99 + 0,1] 0.84 + 0.08 
op 0.05 
0.39 + 0.02 0.33 + 0.02 0.33 + 0.02 0.34 + 0.03 
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TABLE 5. Selected Nutritional Parameters of Burned Guinea Pigs after 14 Days of Enteral Feedings 


Safflower Oil 
Without I With I 
Total N content in 30.6 + 1.4 33.6+ 3.0 
gastrocnemius muscle (mg) Ly < 0.05 — . 
Total N content in liver (mg) 525 +49 659 +53 
pre p< 0.05 
Serum transferrin (% of 140 + 6 15i +12 
normal guinea pigs) 
op < 0.001 
Serum C3 (% of normal 160 + 12 110 + § 
guinea pigs) bp < 0.005 — 
Serum albumin (g/dl) 22% O.1 24+ 0.1 
= indomethacin subgroups. 


methacin lowered the C3 levels of animals on safflower 
oil (p < 0.01) but had no effects on albumin or transferrin 
levels. 

Figure 3 shows the cell-mediated immune response 
to DNFB and the opsonic index of each group. Animals 
on the fish oil diet showed the best cell-mediated im- 
mune. responses (p < 0.001) and the best opsonic index 
(p < 0.05). Indomethacin did not have effects on DNFB 
response or opsonic index of animals on fish oil or saf- 
flower oil but improved cell-mediated immunity of ani- 
mals on linoleic acid (p < 0.01). 

Although there was no significant release of PGE, from 
the splenic macrophages that were obtained from guinea 


iu 
© 
Z. 
s 
< 60 
= INDOMETHACIN 
co 50 
Z 
O 
œw 40 
: 4 
, < 30 N 
Fic. 3. Cell mediated im- ŞS . N 
munity and opsonic indexof = 20 NÌ bo N 
burned animals. x N N 
nA SS NS 
ani aa 
$ N N 
x o LLN N 
SAFFLOWER LINOLEIC 
oil ACID 
op 0.001 


SAFFLOWER OIL vs. FISH OIL 
LINOLEIC ACID vs. FISH OIL 


++ 9 <0.001 
LINOLEIC ACID vs. LINOLEIC +I 


FISH OIL 


Linoleic Acid Fish Oi 
Without I With I Without I With I 
p < 0:005 
3449+ 1.4 28.9 + 2.1 30.0 + 1.7 32.14 1.9 
Lp < 0.005 — 
607 + 56 585 +53 626 + 43 653 +49 
| p < 0.05 
I4 + 5 136 + 5 182 +15 169 +28 
r————p < 0.001 ; 
161 +12 181 +14 103 + 5 ‘104 + 5 
20 + 0.2 2.424 0.2 21i t 0.2 2.2 + 0.2 


pigs on the different diets, as seen in Figure 4, there were 
interesting trends, as noted. Macrophages from all groups 
of animals, including those that received indomethacin, 
released about twice as much PGE, when stimulated with 
Con A. 


Discussion 


All of the animals in these experiments received iden- 
tical postburn nutritional support with the exception of 
the source of lipids. The amount of lipid used (10% of 
energy) was found previously to provide optimal support 
after burn injury,* but this amount is relatively low com- 
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FIG. 4. PGE, released by splenic macrophages with and without Con A. 


pared to the amount of lipid usually fed to patients after 
burn injury (30-50% of total energy).'? By the end of the 
experiment, animals receiving fish oil as a lipid source 
had significantly better weight, lower metabolic expen- 
diture, better cell-mediated immune responses, better op- 
sonic index, higher spleen weight, lower adrenal weight, 
higher serum transferrin, and lower serum C3 levels than 
did animals receiving linoleic acid. Similar measurements 
in animals receiving safflower oil (74% linoleic acid) fell 
somewhere between these extremes, usually closer to the 
animals fed linoleic acid alone. These findings can all be 
explained by an effect of the dietary lipids on prostanoid 
production following burn injury. 
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The majority of dietary fats consist of triglycerides of 
neutral fat.” The fatty acids of the triglycerides are either 
saturated or unsaturated. Saturated fatty acids can be 
synthesized by the body whereas unsaturated fatty acids 
cannot, and the latter are therefore essential fatty acids. 
There are only two families of essential fatty acids: linoleic 
(n-6) and linolenic (n-3). Of these, linoleic acid is the more 
prevalent in the diet and considered to be the more im- 
portant. Linoleic acid is found in high concentration in 
vegetable seed oils, safflower oil being among the highest 
(74%). Linolenic acid is the predominant fatty acid of 
green leaves, fish, and marine animals. The relative bal- 
ance of these two fatty acid families in man depends largely 
on the type of food consumed. The essential fatty acids 
are involved in three major functions: as phospholipids, 
they form structural components in all cellular mem- 
branes of animals; they are involved in the transport and 
oxidation of cholesterol; and they are the only source of 
prostanoids,”° 

Foods rich in polyunsaturated (essential) fatty acids 
have gained popularity because the essential fatty acids 
(EFA), particularly linoleic acid, have the property of 
lowering serum cholesterol levels. Also, arachidonic acid 
(AA), which is derived from linoleic acid, is the most 
common fatty acid present in cellular phospholipids. Only 
about 3% of dietary energy from EFA is required in man 
to prevent deficiency, but, when high amounts of non- 
essential fatty acids are consumed, more EFA may be 
required because of competition for enzymes.! 

The role of EFAs in the generation of the prostanoids 
is a much more important consideration for the seriously 
burned patient.” Whenever cells are damaged, there is 
phospholipase attack on the cell membrane phosphoglyc- 
erides to release free AA. Linoleic acid is the precursor 
for AA, which gives rise to the dienoic prostaglandins and 
leukotrienes, whereas linolenic acid is the precursor for 
eicosapentaenoic acid (EPA) and the trienoic prostaglan- 
dins. Fortunately, there is relatively rapid turnover be- 
tween AA and EPA in the phospholipids of cell mem- 
branes.”! 

AA is metabolized primarily by oxygenation forming 
numerous biologically active compounds including the 
prostaglandins, thromboxanes, prostacyclins, and leu- 
kotrienes.*> Among these, TXA>, PGL, and PGE, are 
particularly important in tissue injury, including burns.”” 
TXA, causes platelet aggregation and contraction of 
smooth muscles** whereas PGI, has an opposing effect. 
The effects of PGE, are perhaps even more interesting. It 
has been known for some time that fatty acids can be 
immunosuppressive.**’° These work, in part, by acting 
as secondary messengers for superoxide generation,” in- 
hibition of complement component synthesis,” depres- 
sion of delayed hypersensitivity responses”? with anergy”? 
and prolongation of allograft survival,*' and increased tu- 
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mor growth.” It is now recognized that production of 
prostaglandin E, primarily PGE2, is responsible for many 
of the immunosuppressive effects of lipids,” although 
other prostanoids may play a major role. PGE is released 
in large amounts following burn injury and 1s felt by many 
to be perhaps the major endogenous immunosuppressive 
substance after such an injury.”* A major action seems to 
be through stimulation of suppressor T cell activity.” 

Prostaglandins of the trienoic series are derived from 
linolenic acid rather than linoleic acid. EPA is the major 
derivative of linolenic acid and is the primary source of 
the trienoic series precursors for man since linolenic acid 
is found primarily in foods not consumed by man (such 
as green leaves and grass) and the enzyme for converting 
linolenic acid to EPA in man is not very efficient.” EPA 
is found in high concentration in fish oils, marine animal 
oils, and a few vegetable oils. When the w3 fatty acids 
(primarily EPA) are oxygenated, they form a series of 
compounds similar to the w6 series, which are derived 
primarily from AA but which have differing biological 
effects. TXA3, in contrast to TXA,3, has a vasodilator effect 
and will not aggregate platelets; PGI; is a potent vasodi- 
lator like PGI,°’. PGE; does not have the same immu- 
nosuppressive properties as PGE,**”’; and LTBs, LTCs, 
and LTD, are less potent than the corresponding LTB4, 
LTC,, and LTD, metabolites. In addition, diets rich in 
EPA reduce cyclooxygenase metabolites from AA,“ and 
at the same time EPA is a poor substrate for cyclooxy- 
genase.” 

EPA becomes incorporated in cell membrane phos- 
pholipids rapidly after administration and competes with 
AA.” This causes a reduction in inflammatory prosta- 
glandins,*? which further prevents a synergistic effect with 
other inflammatory mediators,’ reduced platelet aggre- 
gation,“ increased bleeding time,“ and reduced vasocon- 
striction.” 

The net effect, already demonstrated in man, of en- 
richment of diets with lipids high in the w3 series of lipids 
(EPA, which is the precursor for PG; or trienoic series) 
and low in the w6 series lipids (linoleic acid, which is the 
precursor for AA and the PG; or dienoic series) is pro- 
tection from heart disease and stroke and an increased 
bleeding time.*!*’ 

Taken together, the above considerations strongly sug- 
gest that diets relatively high in EPA and low in linoleic 
acid would have a beneficial effect after burn injury be- 
cause ofa reduction in the inflammatory prostanoids and 
a reduction in endogenous immunosuppressive mediators 
after burn injury. 

Our experimental results strongly support this propo- 
sition. The findings of lower adrenal weight, lower serum 
C3 levels, and reduced metabolic rate suggest less inflam- 
matory stress in animals fed fish oil (high in EPA) com- 
pared to animals fed linoleic acid or safflower oil (high in 
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linoleic acid). Improved cell-mediated immune responses 
and higher spleen weight in fish oil fed animals also suggest 
reduced production of PGE, or other endogenous im- 
munosuppressive mediators. The reasons for improved 
opsonic index and higher serum transferrin levels in an- 
imals receiving fish oil is less clear, but these animals also 
had improved muscle mass, suggesting that fish oil ım- 
proved protein synthesis, at least in comparison to diets 
high in linoleic acid. Since interleukin 1, which is elevated 
by burn injury, causes an increased release of PGE pro- 
duction*® as well as muscle breakdown, one might con- 
clude that high levels of PGE have a net effect of increasing 
protein degradation. Indomethacin had surprisingly little 
effect on the metabolic and immunological functions 
measured in this study. 

Since diets relatively high in EPA and low in linoleic 
acid are clearly beneficial in burned guinea pigs and they 
have no harmful effects while preventing stroke and heart 
disease in normal man, a controlled clinical trial of EPA 
enriched diets in burned man appears to be warranted. 
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IMPRESSIVE SUCCESS RATES IN ACUTE AND 
CHRONIC PAINFUL CONDITIONS 


EFFECTIVENESS EFFECTIVENESS IN PAIN EFFECTIVENESS IN 
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of 283 patients of 23 patients 





of 110 patients 
experienced experienced experienced 
Substantial pain relief substantial pain relief pain relief during a 
within two hours during a two-day two-week period 
period 


‘Triple-action A side effect 


inhibition of pain profile 
pathogenesis. well suited to 
demonstrated in short- and 


animal studies long-term usage 


SUPROL (suprofen) inhibits the synthesis MOST COMMON GI SIDE EFFECTS 


of prostaglandin 


2 SUPROL inhibits bradykinin-induced pain 


SUPROL raises the threshold to pain GI DISTRESS 


at the nerve ending 


DYSPEPSIA 


a 
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NAUSEA 


PERCEPTION 


RERVEENDING - ) OF PAIN y DIARRHEA/LOOSE STOOL 





0 W SHORT-TERM [] LONG-TERM 100 


Side effects occurring in 3%-9% of patients in 
long-term studies include: abdominal pain, con- 
stipation, vomiting, and flatulence. 

Peptic ulceration and GI bleeding have been re- 
ported in approximately 1% of patients receiving 
Triple-action inhibition of pain SUPROL (suprofen) capsules. 

Artist's interpretation In long-term studies approximately 20% of the 
patients were discontinued due to adverse 
reactions. 


EFFECTS ON MAJOR ORGANS 


In long-term studies, the incidence of elevated 
liver enzyme levels for SUPROL was approxi- 
mately 1%. In all cases, the elevations were not of 
a serious nature and disappeared promptly upon 
discontinuation of SUPROL. 

Acute flank pain associated with renal insuffi- 
ciency has been reported. As with other nonste- 
roidal analgesics, SUPROL should be given under 

Please refer to brief summary of Prescribing Information on close Daa hala to patients with renal or hepatic 
last page of this advertisement before SUPROL" is adminis- impairment or with a history of upper GI tract 
tered or prescribed. disease. 
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SUPROL* (suproten) 200-mg Capsules 
The following is a brief summary only. Before prescrib- 
ing, see complete prescribing information in SUPROL 
product labeling. 
Contraindications: SUPROL should not be used in patients 
who have previously exhibited intolerance to the drug As with 
other nonsteroidal anti-inflammatory drugs, SUPROL should 
not be given to patients in whom aspirin and/or other nonste- 
roidal anti-inflammatory drugs induce bronchospasm, rhini- 
ts, urticaria or other sensitivity reactions Rare anaphylactic 
reactions to suprofen have been reported although the aspi 
rin sensitivity history of the patients is unknown 
Warnings: There have been reports of the abrupt onset of 
flank pain associated with generally reversible renal insuffi 
ciency, sometimes with abnormal urinary sediment, in pa 
tients who have taken as few as one to two doses of SUPROL 
(suprofen) If flank pain occurs. SUPROL should be discontin. 
ued and renal function monitored 

SUPROL (suprofen) should be given under close supervi- 
sion to patients with a history of upper gastrointestinal tract 
disease and only after consulting the ADVERSE REACTIONS 
section Peptic ulceration and/or gastrointestinal bleeding 
have been reported in 1% of patients receiving SUPROL Cap 
sules at 800-1600 mg/day 
Precautions: General: Renal Toxicity As with other non- 
steroidal anti-inflammatory drugs (NSAID's), long-term 
administration of suprofen to animals has resulted in renal 
papillary necrosis and other abnormal renal pathology In hu- 
mans, there have been reports of acute nephritis with hema 
turna. proteinuria and occasionally nephrotic syndrome 

Another form of renal toxicity has been seen in patients with 
prerenal conditions leading to a reduction in renal blood flow 
of Blood volume. where the renal prostaglandins have a Sup- 
portive role in the maintenance of renal perfusion In these pa- 
tents administration of an NSAID may cause a dose- 
dependent reduction in prostaglandin tormation and may pre- 
cipitate overt renal decompensation Patients at greatest risk 
of this reaction are those with heart failure. liver dysfunction, 
those taking diuretics, and the elderly Discontinuation of 
NSAID therapy is typically followed by recovery to the pre- 
treatment state 

Since SUPROL and its metabolites are eliminated primarily 
by the kidneys. patients with impaired renal function should 
be closely monitored, and it should be anticipated that they 
will require lower doses 
Anemia — in long-term studies, decreases in hemoglobin and 
hematocrit have been reported in patients taking SUPROL 
Appropriate tests should be performed if SIGNS or Symptoms 
of anemia are evident 
Liver Chemistry Abnormalities — As with other nonsteroidal 
anti-inflammatory drugs, borderline elevations of one or more 
liver tests may occur in up to 15% of patients These abnor 
malities may progress, may remain essentially unchanged, or 
may be transient with Continued therapy The SGPT (ALT) test 
IS probably the most sensitive indicator of liver dysfunction 
Meaningful (three times the upper limit of normal) elevations 
of SGPT or SGOT (AST) occurred in controlled clinical trials 
In approximately 1% of patients A patient with symptoms and 
OF SIGNS Suggesting liver dysfunction, or in whom an abnormal 
liver test has occurred, should be evaluated tor evidence of 
the development of more severe hepatic reactions while on 
therapy with SUPROL Severe hepatic reactions including 
jaundice, have been reported with SUPROL as well as with 
other nonsteroidal anti-inflammatory drugs Although such re- 
actions are rare. if abnormal liver tests persist or worsen. if 
clinical signs and symptoms consistent with liver disease de 
velop, or if systemic manifestations occur (e g. eosinophilia, 
rash, etc ), SUPROL should be discontinued, since liver re- 
actions can be fatal 
Peripheral Edema — Peripheral edema has been observed in 
9% of patients receiving long-term therapy Therefore 
SUPROL should be used with caution in patients with fluid re 
tention. heart failure or hypertension 
Ophthalmic Symptoms Ophthalmologic examinations per- 
formed on long-term patients both prior to initiation and after 
discontinuation of therapy failed to show any drug-related eye 
changes Three to 9% of patients reported changes in visual 
acuity, however. and because of reports of adverse eye find- 
Ings in animals. 1 e , attenuated retinal vasculature. retinal de 
generation and cortical opacities in rats treated with 25 or 35 
mg/kg/day (approximately the human dose) for 24 months 
(life-time treatment), it is recommended that patients who de- 
velop visual complaints during treatment with SUPROL have 
an ophthalmologic evaluation 


BACK SPRAIN 


Drug Inter- 
actions: Àl- 
though supro- 
fen is highly 
protein bound 
(see CLINI- 
CAL PHAR. 
MACOLOGY) 
ın vitro Stud 
ies have 
shown that 
SUPROL does 
not displace phenytoin, war- 
farın or tolbutamide*from their plasma 
protein-binding sites As a result, the concomitant adminis- 
tration of SUPROL (suprofen) with highly protein-bound, 
weakly acidic therapeutic agents would not be expected to ın- 
fluence the efficacy or safety of these compounds However, 
as prostaglandins are directly involved in the regulatory 
mechanisms of hemostasis and glucose metabolism. pa- 
tients on anticoagulant or hypoglycemic therapy should be 
carefully observed while on ŠUP dL as with other nonsteroi- 
dal antiinflammatory drugs 

Patients taking diuretics are at greater risk of developing 
renal failure secondary to a decrease in renal blood flow 
Caused by prostaglandin inhibition by nonsteroidal anti- 
inflammatory drugs including suprofen (See PRECAU- 
TIONS — General ) 

Drug/Laboratory Test Interactions: The drug has been 
shown to inhibit platelet aggregation and prolong template 
bleeding time in vivo, but the platelet function begins to nor- 
malize within 4 hours after dosing and approaches normal 
within 24 hours after the last dose of SUPROL. Therefore pa- 
tients who are takıng anticoagulant therapy should be care- 
fully observed while SUPROL is administered 

Carcinogenesis, Mutagenesis, Impairment of Fertility: 
Two 2-year Studies in rats and an 18 month study in mice were 
performed to evaluate the carcinogenic potential of the drug 
The initial rat study had inadequate survival In mice, an in- 
creased incidence of benign liver tumors occurred in females 
al a dose of 40 mg/kg/day (approximately three times the hu- 
man dose) Treated male mice (doses of 2.5. 10. and 40 mg/ 
kg/day) also had an increased incidence of hepatomas (not 
dose related) when compared to control animals No evi- 
dence of carcinogenicity was found in doses as high as 40 
mg/kg/day in the rat and mouse Based on a battery of mu- 
tagenicity tests (Ames, Micronucleus and dominant letha!) su- 
profen does not appear to have mutagenic potential 

Reproductive studies ın rats at a dose of up to 40 mg/kq/ 
day (approximately three times the human dose) revealed no 
Impairment of fertility and only slight reductions of fertility at 
doses of 80 mg/kg/day (approximately 6 times the clinical 
dose) However. testicular atrophy/hypoplasia was observed 
in @ Six-month dog study (at 80 mg/kg/day) and a 12-month 
rat study (at 40 mg/kg/day) 

Teratogenic Effects: Pregnancy Category B Reproduc- 
tive studies have been performed in rabbits at doses up to 
200 mg/kg/day (approximately 15 times the human dose) and 
in rats at doses up to 80 mg/kg/day (approximately six times 
the human dose) In rats, doses of 40 mg/kg/day and above 
and in rabbits. doses of 80 mg/kg/day and above, resulted in 
an increased incidence of fetal resorption associated with 
maternal toxicity There was an increase in stillbirths and a de- 
crease in postnatal survival in pregnant rats treated with su- 
profen at 2 5 mg/kg/day and above As with other drugs 
known to inhibit prostaglandin synthesis, an increased inci- 
dence of delayed parturition occurred in rats As there are no 
adequate and well-controlled studies in pregnant women, this 
drug should be used during pregnancy only if clearly needed 
Because of the known effect of drugs of this class on the fetal 
Cardiovascular system (closure of ductus arteriosus), use 
during late pregnancy should be avoided 

Nursing Mothers: The excretion of SUPROL in milk after a 
single dose to nursing mothers has been measured. Peak 
concentrations of SUPROL in milk, 0.12 to 0.23 mcg/ml at one 
to two hours, were approximately 1% of the peak plasma con- 
centrations and fell to 0 024-0107 mcg/ml four hours after 
drug administration 

The maximum total daily exposure of a nursing infant to 
SUPROL (assuming nursing at time of peak concentration) 
was Calculated from this study to be 0 03-0 06 mg/kg/day 
which represents 0 015% to 0 03% of the usual daily adult 
dose, Caution is advised in the use of SUPROL in nursing 
women since the salety of SUPROL in human neonates has 
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not been established 


Pediatric Use: Safety and effectiveness in children have 
not been established 


Adverse Reactions: Those adverse reactions listed below 
were reported in controlled clinical trials in over 800 patients 
who received treatment in studies for one week or longer, of 
whom 537 were treated for at least three months. 331 treated 
for at least six months, and 103 for at least one year 

Gastrointestinal symptoms were the most frequently re- 
ported adverse experiences, ranging from 10 to 20%, in 
SUPROL long-term studies (see below) 

Fifteen to 20% of patients dropped out of long-term studies 
because of adverse effects 

The incidence of adverse reactions in approximately 2,000 
patients receiving short-term therapy tor mild to moderate 
pain or dysmenorrhea was, in nearly all cases. lower than 
those listed below 


Incidence Greater Than 1%— Gastrointestinal The most 
frequent adverse reaction occurring with SUPROL adminis- 
tration was nausea which occurred in about 15% of the pa- 
tients Reported less frequently were: Dyspepsia, 13%. loose 
Slools/diarrhea, 10%, gastrointestinal distress.’ abdominal 
pain,” constipation,” vomiting,’ flatulence, * gastrointestinal 
bleeding, stomatitis, and other bowel changes 

Central Nervous System Headache.* dizziness,’ seda- 
ton,” mood changes," sleep disturbances.* and paresthesia 

Body as a Whole: Pain* and asthenia 

Cardiovascular/Respiratory. Edema." congestion (upper 
respiratory),* hypertension and palpitation 

Dermatological: Dermatitis.’ pruritus,” and skin irritation 

Hematologic: Purpura and bleeding 

Genitourinary. Urinary frequency, dysuria, and pyuria 

Musculoskeletal: Muscle cramps,” bursitis 

Special Senses: Changes in vision conjunctivitis, and 
tinnitus 

* Reactions occurring in 3% to 9% of patients treated with 
SUPROL Reactions occurring in fewer than 3% of the patients 
are unmarked 


Incidence Less Than 1% (Causa! Relationship Proba- 
ble)— The following adverse reactions, some of which have 
been reported during post-marketing use abroad, occurred 
less frequently than 1 in 100. The probability exists that there 
ıs a causal relationship between SUPROL and these adverse 
reactions 

Body as a Whole Acute allergic reactions with dyspnea 
and epigiottal and/or laryngeal edema, anemia 

Gastrointestinal, Peptic ulcers, gastroenteritis 

Cardiovascular Epistaxis 

Dermatologic. Rash 

Central Nervous System Appetite changes 

Urogenital Acute nephritis, acute flank pain with renal in- 
sufficiency (see WARNINGS) 


Incidence Less Than 1% (Causal Relationship Un- 
known)— Other adverse reactions reported during clinical 
Inals or post-marketing use with a frequency of less than 1 in 
100, but under circumstances in which a Causal relationship 
between SUPROL and the reaction could not be determined 
Tnese rarely reported reactions are being listed as alerting in- 
formation for the physician since the possibility of a causal re- 
lationship cannot be excluded 

Gastrointestinal Jaundice 

Cardiovascular/Respiratory Tachycardia 

Hematological Thrombocytopenia, acute hemolytic ane- 
mia, leukopeħñia 

Genitourinary. Lime green urine 

Full directions for use should be read before admin- 
istering or prescribing. For information on symptoms and 
treatment of overdosage. see tull prescribing information 
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The piercing pain 

and discomfort of swollen 
hemorrhoids. Now, fast relief 
through the triple action 

of Corticaine’ Cream: 


O Dibucaine to relieve pain 
A powerful topical anesthetic that promptly 
blunts piercing pain 

O Hydrocortisone to reduce inflammation 
Shrinks swollen hemorrhoidal tissue and exerts 
effective antipruritic action to relieve itching 

EVE a for a soothing, cooling effect 


Cooling action rapidly alleviates the burning 
sensation 


an CORTICAINE 


CREAM hydrocortisone acetate 0.5% 
and dibucaine 0.5% 
Please see next page for a brief summary 


of Prescribing Information. È only, for effective relief of hemorrhoidal symptoms 
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R ONLY FOR EFFECTIVE 
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BRIEF SUMMARY 
OF PRODUCT INFORMATION - 


CORTICAINE® Cream 
{hydrocortisone acetate and dibucatne) 


INDICATIONS AND USAGE: CORTICAINE Cream ts indicated 
for the relief of the inflammatory manifestations of corteo- 
sterold-responsive dermatosis. When combined with other 
recognized therapeutic measures, it is recommended for 
the symptomatic rellef of itching, pain, and Imitation of 
cevtain anorectal, anogenital, and darmatological condi- 
tions. On tha skin, It offers symptomatic relief in atopic 
dermatitis, sumac or ivy dermatitis, miid sunburn, minor 
burns, Insect bites, prickly heat, eczema, post-anal sur- 
gery, diaper rash, and intertrigo. When introduced into the 
rectum, It helps to relleve the itching, pain, and Inflamma- 
tion of internal hemorrhoids, as weil a3 the anorectal dis- 
comfort of associated conditions such as proctitis, 
papilitis,and cryptitis. When appited perianally, it can pro- 
vide symptomatic relief from pruritus ani and external hem- 
orrhoids, 


CONTRAINDICATIONS: Loca! tuberculosis, funga! and viral 
infections. Topical steroids and local anesthetics are con- 
traindicated in those patients with a history of hypersensi- 
tivity to any of the components of the preparation. Not 
recommended for use in such diseases as pemphigus and 
discoid lupus erythematosus. 


PRECAUTIONS; General: Avoid use in the ayes. Do not apply 
to extensive areas for prolonged periods or with occlusive 
dressings as there may be increasad systemic absorption of 
the ingredients. If imitation develops, the product should 
be discontinued and appropriate therapy instituted. In the 
presence of a secondary bacteria! infection, the usa of an 
appropriate antibacterial agent should be instituted; If a 
favorable response does not occur promptly, this prepara- 
tion should be discontinued until the infection has been 
adequately controlled. Should not be used rectally without 
adequate proctologic examination. Not to be used with 
anorectal fistulas and abscesses. 


Usage in Pregnancy: Although topical steroids have not 
been reported to have an adverse effect on human preg- 
nancy, the safety of their use in pregnant women has not 
been absolutely established. In laboratory animals, 
increases In Inckience of fetai abnormalities have been 
associated with exposure of gestating females to topica! 
corticostercids—in some cases, at rather low dosage levels. 
Therefore, drugs of this class should not be used exten- 


_ sively on pregnant patients, In iarge amounts, or for pro- 


longed periods of time. 


ADVERSE REACTIONS: The following local adverse reactions 
have been reported with topica! carticosterokis, especially 
under occlusive dressings: burning sensations, itching, 
imitation, dryness, folliculitis, hypertrichosis, acne-form 
eruptions, hypopigmentation, perioral dermatitis, alergie 
contact dermatitis, maceration of the skin, secondary 
infection, skin atrophy, striae, and mlllaria. 


DOSAGE AND ADMINISTRATION: For Recta] Use: Cleanse the 
rectal area and dry thoroughly before use. Attach plastic 
applicator to tube, and squeeze tube lightly to fill applica- 
tor with cream. Lubricate applicator with cream, then gent- 
ly insert into rectum and squeeze tube again lightly to 
extrude £ similar applicator dosa of cream into the rectum. 
Can also be applied topically toirritated anorectal tissues. 
Use morning and evening and after sach bowel movement. 
The recommended duration of treatment is two to six days. 


For Topical Use: Apply to affected areas of the skin two to 
four times daily, The recommended duration of treatment is 
two weeks. 


HOW SUPPLIED: CORTICAINE Cream (hydrocortisone ace- 
tate 0.5% and dibucaine 0.5%) Is supplied in a 1 az tube 
with @ rectal applicator (NDC 0173-0358-72). 


Keep container well closed and store between 15° and 30°C 
(59° and 86°F), 
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| FIGHT CANCER 


BEFORE YOU 
GETIT. 


OR AFTER 
YOU GET IT. 


It's a lot easier to fight cancer 
before you get it. 

Scientists estimate that up to 60% 
of all cancer could be prevented. 

By sumply making a few changes 
in your lifestyle. 

By not getting too much sun. By 
not smoking cigarettes. By not 
overeating. And by following a diet 
high in fiber and low in fat. 

By simply doing these few things, 
you could drastically reduce your 
risk of getting cancer. 

Sure, you could 
still get cancer. 

But why not give 
yourself the odds 
against it? 
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Nissen Fundoplication for Gastroesophageal 


Reflux Disease 


Evaluation of Primary Repair in 100 Consecutive Patients 





TOM R. DEMEESTER, M.D., F.A.C.S. 


One hundred consecutive patients had a primary Nissen fun- 
doplication for gastroesophageal reflux disease. None of the pa- 
tients had previous gastaric or esophageal surgery or evidence 
of esophageal stricture or motility disorder. The primary symp- 
tom was persistent heartburn in 89 patients and aspiration in 
11. An abnormal pattern of esophageal acid exposure was doc- 
umented in all patients with 24-hour esophageal pH monitoring. 
By actuarial analysis, the operation was 91% effective in the 
control of reflux symptoms over a 10-year period. The incidence 
of postoperative symptomatic gas bloat and increased flatus was 
lower in patients with preoperative abnormal manometric mea- 
‘surements of the distal esophageal sphincter (p < 0.05). Three 
modifications in operative technique were made during the course 
_ of the study to minimize the side effects of the operation. First, 
enlarging the caliber of the bougie to size the fundoplication 
reduced the incidence of temporary swallowing discomfort from 
83 to 39% (p < 0.01). Second, shortening the length of the fun- 
doplication decreased the incidence of persistent dysphagia from 
21 to 3% (p < 0.01). Third, mobilizing the gastric fundus for 
construction of the fundoplication increased the incidence of 
complete distal esophageal sphincter relaxation on swallowing 
from 31 to 71% {p < 0.05). This was done to prevent the delayed 
esophageal acid clearance secondary to incomplete sphincter re- 
laxation observed after operation in five of 36 studied patients. 
It is concluded that by proper patient selection and the incor- 
poration of the above surgical techniques, the Nissen fundopli- 
cation can re-establish a competent cardia and provide relief of 
reflux symptoms with minimal side effects. 


VER THE PAST three decades, there has been an 
increasing interest in the pathophysiology of 
gastroesophageal reflux disease and its rational 

surgical management. Recognition of the high failure rates 
after an anatomical hiatal hernia repair led to the devel- 
opment of procedures designed to re-establish the com- 
petency of the cardia by improving its function. In a pro- 
spective study, the Nissen fundoplication was shown to 
be superior to both the Belsey and Hill procedures in the 
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control of reflux symptoms and in the restoration of distal 
esophageal sphincter competence.’ Despite these excellent 
early results, concern was expressed regarding the dura- 
bility and long-term side effects of the Nissen fundopli- 
cation. The purpose of this study was to evaluate the re- 
sults of 100 consecutive primary Nissen fundoplication 
procedures performed and followed by the same surgeon . 
over a 13-year period. The findings advanced our under- 
standing of the criteria for patient selection and the tech- 
nique for constructing the fundoplication. | 


Population Studied 


Between 1972 and 1984, 288 patients had an antireflux 
procedure performed by the senior author (TRD), of 
which the Nissen fundoplication was the most common 
(Fig. 1). The population studied was drawn from the Nis- 
sen group and consisted of 100 consecutive patients with 
gastroesophageal reflux disease and no evidence of an 
esophageal stricture on endoscopy or a motility disorder 
on esophageal manometry. The latter includes, in addition 
to specific motility abnormalities, patients with a mean 
contraction amplitude of less than 20 mmHg or an in- 
cidence of simultaneous and/or repetitive contractions on 
swallowing greater than 30%. None of the patients had 
previous esophageal or gastric surgery. There were 52 fe- 
male patients and 48 male patients, with a mean age of 
46 and a range of 11 to 79 years. 

In 89 patients, heartburn was the predominant symp- 
tom. Aspiration, manifested as chronic cough, asthma 
and/or recurrent pneumonia, was the predominant 
symptom in 11 patients. Associated symptoms were: re- 
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Fic. 1. Distribution of the type of antireflux procedure performed over 
the study period (1972-1984) (N = 288). The shaded area represents the 
portion of the population reported in the present study. 


gurgitation (62 patients), esophageal dysphagia (33 pa- 
tients), and cervical dysphagia (8 patients). The mean du- 
ration of symptoms was 53 months, with a range of 3 
months to 15 years. 

On upper gastrointestinal roentgenographic barium 
studies, 61 patients showed a hiatal hernia, six of whom 
had a Schatzki ring, and 39 refluxed barium from the 
stomach into the esophagus in the upright position. 
Twenty-three patients had a normal study. 

The diagnosis of gastroesophageal reflux disease was 
documented in all patients by measuring an increased 
esophageal exposure to acid gastric juice on 24-hour 
esophageal pH monitoring (Fig. 2).? The pattern of ab- 
normal esophageal acid exposure is shown in Figure 3. 

All patients had at least 3 months of adequate medical 
treatment, as judged by their referring physician and the 
senior author. This included a variety of dietary, postural, 
and drug therapies. The latter consisted of antacids and 
bethanecol and, more recently, cimetidine and metoclo- 
pramide. 

The clinical indication for the antireflux repair was the 
persistence of reflux symptoms. The complication of per- 
sistent endoscopic esophagitis was present in 42 patients, 
four of whom also had Barrett’s esophagus. 

A control population consisted of 45 asymptomatic 
subjects with no history of upper gastrointestinal disease 
and a normal upper gastrointestinal roentgenographic 
barium study. Their mean age was 35, with a range of 18 
to 63 years. All control subjects had a normal esophageal 
exposure to gastric juice on 24-hour esophageal pH mon- 
itoring (Fig. 2). Esophageal manometry was performed 
on each subject and the values obtained were used for 
comparison with the pre- and postoperative motility 


studies obtained in the patient population. A written in- - 


_ formed consent was obtained from each control subject. 
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Methods 
Endoscopy 


Fiberoptic endoscopic examination was performed by 
the senior author. Esophagitis was scored as grade one for 
an erythematous and friable mucosa, grade two for linear 
erosions, and grade three for deeper and wider linear ero- 
sions with islands of edematous mucosa between erosive 
furrows.* When Barrett’s esophagus was suspected, mul- 
tiple mucosal biopsies were performed. The diagnosis was 
confirmed if a columnar-type epithelium was found 2.0 
cm or more above the gastroesophageal junction.” 
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FIG. 2. Preoperative 24-hour esophageal pH test score in the patient 


population compared to control subjects. Dotted lines represent the upper 
limit of normal. 
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Esophageal Manometry 


Esophageal manometry was performed according to the 
technique described by Winans and Harris,’ using a single- 
catheter assembly consisting of three to five fluid-filled 
polyethylene tubes bonded together with three to five lat- 
eral openings placed at 5.0 cm intervals from the distal 


end of the catheter and radially oriented 72 to 120 degrees’ 


apart. The diameter of the lateral openings was 2.0 mm 
in the three lumen catheter and 0.8 mm in the five lumen 
catheter. A constant infusion of distilled water was deliv- 
ered, initially by a Harvard infusion pump (Harvard Bio- 
science, South Natick, MA) through the three lumen 
catheter, and subsequently by an Arndorfer pneumohy- 
draulic low compliance system (Arndorfer Medical Spe- 
cialties, Inc., Greendale, WI) through the five lumen cath- 
eter. The rate of infusion was 3.6 ml/min with the former, 
and 0.6 ml/min with the latter. Studies obtained with the 
two infusion systems were compared in a group of 14 
subjects, and a correction factor was calculated to give 
uniformity of measurements between the two systems. 

The catheter was passed into the stomach and with- 
drawn in 1.0 cm increments back into the esophagus, and 
in 0.5 cm increments from the esophagus into the phar- 
ynx. The overall length, the abdominal length, that is, the 
length below the respiratory inversion point, and the mean 
resting pressure of the distal esophageal sphincter were 
measured. Sphincter relaxation was considered complete 
(100%) when sphincter pressure dropped to gastric base- 
line on swallowing. The mean amplitude of the contrac- 
tions and the incidence of repetitive and simultaneous 
contractions in the distal esophageal body were noted 
during ten dry and ten wet swallows. The length and mean 
resting pressure of the upper esophageal sphincter and the 
peak pharyngeal pressure were similarly measured. 


Twenty-Four Hour Esophageal pH Monitoring 


Prolonged esophageal pH monitoring was performed 
according to a technique previously described, with a pH 
electrode placed 5.0 cm above the upper border of the 
distal esophageal sphincter as measured by manometry. 
Acid reflux was defined whenever the pH in the esophagus 
dropped to four or less. Gastroesophageal reflux was as- 
sessed by a composite mathematical score that incorpo- 
rated six components of the 24-hour record: (1) per cent 
of time the esophageal pH was four or less for the total 
24-hour period, (2) for the time in the upright position, 
and (3) for the time in the supine position; (4) the total 
number of reflux episodes, (5) the number of episodes 
lasting 5 minutes or longer, and (6) the duration of the 
longest episode. Individuals whose cumulative score ex- 
ceeded by more than two standard deviations the mean 
score of previously reported control subjects were consid- 
ered to have an abnormal esophageal acid exposure.’ 
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FIG, 3. Patterns of esophageal acid exposure in the patient population. 
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Technique of Operation 


The fundoplication was initially performed according 
to the technique described by Nissen. ? Over the course 
of the study, three modifications were made in the tech- 
nique of constructing the fundoplication. These were ini- 
tiated by an analysis of the operative results in the studied 
patients and other patients not included in the reported 
group. The modifications were: (1) the caliber of the 
bougie used to size the diameter of the gastric wrap was 
increased from 36 to 60 French, (2) the length of the gastric 
wrap was reduced from 4.0 to 1.0 cm, and (3) the short 
gastric vessels were divided to allow the gastric fundus to 
be utilized in the construction of the gastric wrap. Based 
on these operative modifications, the patients were placed 
into one of the four periods shown in Table 1. _ 

In 82 patients the operation was done transabdomin- 
ally, and in 18 a transthoracic approach was used. The 
operation, as currently performed by the abdominal ap- 
proach,!° was facilitated by the use of a special retractor 
to provide excellent exposure of the esophageal hiatus. 
For this purpose, we have welded a Weinberg retractor 
to a Balfour handle that attaches to a bar over the patient’s 
chest (Fig. 4). The operation is begun by dividing the gas- 
trohepatic ligament in the area where it is thin and usually 
transparent. Care should be taken not to divide the hepatic 
branch of the anterior vagus nerve. The incision is carried 
superiorly over the anterior surface of the esophagus, di- 


TABLE 1. Modifications in Surgical Technique 


During the Study Period 

Size Length 

No. Bougie Mobilization Wrap 

Periad Patients (French) Fundus (cm)- 
I 24 36 No 4 
U 25 60 No 4 
m 15 60 Yes 3 
IV 36 60 Yes l 
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Fic. 4. Position of a modified Weinberg retractor to provide continuous 
exposure of the esophageal hiatus when performing a transabdominal 
Nissen fundoplication, 
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FiG. 5. Division of the short gastric vessels and mobilization of the gastric 
fundus prior to constructing the fundoplication. 
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viding the reflection of the parietal peritoneum off the 
diaphragm onto the esophagus. The incision is continued 
down the left side of the esophagus until the left crus of 
the esophageal hiatus is identified. The loose areolar tissue 
over the superior surface of the esophagus is removed. 

The first step of the repair is to isolate the esophagus 
by circumferential blunt finger dissection within the pos- 
terior mediastinum anterior to the aorta, encircling both 
the right and left vagal trunks with the esophagus. When 
encircled, the right or posterior vagus is identified and a 
soft rubber drain is passed around the esophagus, exclud- 
ing the nerve. While retracting on the rubber drain, the 
loose fibrous tissue, posterior to the esophagus and ceph- 
alad to the branches of the left gastric artery, is divided 
to identify clearly the right and left crus of the esophageal 
hiatus when the esophagus is retracted to the left. 

The second step of the repair is to mobilize the fundus 
of the stomach by dividing the short gastric vessels, starting 
at the point where the veins begin to drain superiorly 
toward the spleen, rather than inferiorly toward the right 
gastroepiploic vein (Fig. 5). Usually, at the most superior 
aspect of the greater curvature, one will find short gastric 
vessels that take a retroperitoneal course, tethering the 
fundus of the stomach to the posterior abdominal wall. 
These vessels, if not divided, force the surgeon to construct 
the fundoplication with a portion of the body of the stom- 
ach rather than the fundus. 

The third step of the repair is to close the esophageal 
hiatus. The esophagus is retracted to the left and the right 
and left limbs of the crura are approximated with inter- 
rupted 0-silk sutures, starting inferiorly where they de- 
cussate over the aorta. The sutures are placed at 1.0 cm 
intervals, advancing the esophageal body anteriorly as the 
hiatus is closed. Usually six sutures are required to com- 
plete the closure. All sutures should be placed within the 
muscle of the crura and tied with a tension that causes 
tissue approximation without strangulation. When com- 
plete, the hiatus should freely admit a fingertip adjacent 
to the esophagus. It is better to err in making the closure 
of the hiatus too loose rather than too tight. The purpose 
of the crural closure is only to maintain the repair within 
the abdomen. 

The fourth step of the repair is to construct the fundic 
wrap. A number 60 French bougie is passed by the anes- 
thesiologist down the esophagus and into the stomach to 
display the gastroesophageal junction. The pad of areolar 
tissue, which lies on the anterior surface of the gastro- 
esophageal junction, is removed to allow proper identi- 
fication of the junction and encourage the fusion of the 
fundic wrap to the esophagus. Care should be taken while 
removing the fat pad not to injure the anterior vagal nerve. 
The freed posterior wall of the fundus is pulled with a 
Babcock clamp between the right or posterior vagal trunk 
and the esophagus containing the number 60 French 
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bougie. The anterior wall of the fundus is pulled across 
the anterior surface of the esophagus. This results in en- 
veloping the distal esophagus between the anterior and 
posterior fundic wall. 

The needles at both ends of a 2-0 polypropylene suture 
are passed through a 1.5 X 0.5 cm Teflon® felt pledget 
1.0 cm apart, and then through the left or anterior lip of 
the fundic wrap, again 1.0 cm apart. Both ends of the 
suture are passed through a second pledget sandwiching 
the lip between the two pledgets. One of the limbs of the 
suture is then passed through the anterior wall of the 
esophagus at the gastroesophageal junction, incorporating 
the tissue down to, but not through, the muscularis mu- 
cosa. The second limb is similarly passed through the an- 
terior wall of the esophagus 1.0 cm cephalad to the first 
stitch. Both ends of the suture are passed through a third 
Teflon felt pledget, again 1.0 cm apart, and then through 
the right or posterior lip of the fundic wrap. Both ends of 
the suture are then passed through a fourth and final Tef- 
lon felt pledget. The placement of the horizontal mattress 
stitch is shown in Figure 6. 

A single tie is placed in the suture to approximate the 
two lips of the fundic wrap around the esophagus con- 
taining the number 60 French bougie. The ability for the 
polypropylene suture to slide through tissue without saw- 
ing allows for a test approximation of the fundic wrap 
without causing tissue damage or hematoma formation. 
When drawn together, the fundic wrap should be large 
enough to accept the insertion of the surgeon’s index finger 
alongside the esophagus containing the number 60 French 
bougie. If the surgeon is unable to insert his finger or feels 
tight bands over his finger, the wrap is too small and the 
left or anterior end of the horizontal U-stitch must be 
replaced more laterally and inferiorly on the anterior wall 
of the fundus. This enlarges the internal diameter of the 
wrap. If there is excessive space, the wrap is too loose and 
the left or anterior end of the U-stitch must be replaced 
more medially and superiorly on the anterior wall of the 
fundus. This reduces the internal diameter of the wrap. 
When the wrap is of proper size, the bougie is removed 
and the limbs of the U-stitch are tied securely. A transverse 
section of the completed fundoplication is shown in Figure 
7 and illustrates the relationship of the stomach to the 
esophagus in forming a wrap with a circumference of 
slightly less than 360 degrees. 

The transthoracic approach was used in patients who 
were obese, had concomitant pulmonary disease that 
needed definition, or whose roentgenographic hiatal her- 
nia did not reduce when in the upright position. The op- 
eration, as currently performed by the thoracic approach,” 
starts by mobilizing the esophagus from the level of the 
diaphragm to the aortic arch without injuring the vagal 
nerves. There is sufficient blood supply through the in- 
trinsic arterial plexus of the esophagus, fed by the inferior 
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Fic. 6. Construction of the fundoplication. A number 60 French bougie 
is passed across the gastroesophageal junction and a horizontal mattress 
suture of 2-0 polypropylene, buttressed with Teflon® fel: pledgets, is used 
to hold the wrap. Insert shows the completed 360 degree fundic wrap 
and the dimensions of the Teflon pledgets. 
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Fic. 7. Schematic cross section of the Nissen fundoplication showing 
the position of the Teflon® felt pledgets and the relation of the gastric 
wrap to the esophagus. Arrows illustrate how intragastric pressure (1), 
intra-abdominal pressure (2), and gastric muscle tone (3) are transmitted 
to the distal esophageal! sphincter. 
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FIG, 8. The posterior position of the Teflon® felt pledgets in performing 
a transthoracic Nissen fundoplication, The gastric fundus has been 
brought up through the hiatus and rotated to the right for an easier 
placement of the holding U-stitch. The complete fundoplication consists 
of an anterior fundic wrap secured posteriorly by a U-stitch reinforced 
with Teflon felt pledgets, 


thyroid artery in the neck and branches of the right bron- 
chial artery in the thorax, to maintain the integrity of the 
mucosa and prevent ischemic necrosis of the muscle. This 
degree of mobilization is usually necessary to place the 
reconstructed cardia into the abdomen without undue 
tension. 

The second step of the transthoracic repair is to free 
the cardia from the diaphragm. This can be accomplished 
through the hiatus, gaining access into the abdominal 
cavity through the phrenoesophageal membrane. When 
all the detachments between the cardia and diaphragmatic 
hiatus are divided, the esophagus is retracted anteriorly 
in the hiatus and sutures are placed through the right and 
left cura in preparation for their approximation. About 
six sutures, placed 1.0 cm apart, are required. 

The third step of the transthoracic repair is to envelope 
the distal esophagus with the anterior and posterior wall 
of the fundus. The fundus and body of the stomach are 
withdrawn through the hiatus into the chest. The fun- 
doplication is done over a number of 60 French bougie 
in a manner similar to that described for the abdominal 
approach, except that the fundus is anterolateral instead 
of posterolateral, and the holding suture is placed posterior 
instead of anterior (Fig. 8). When complete, the fundo- 
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plication is placed into the abdomen by compressing the 
fundic ball with the hand and manually maneuvering it 
through the hiatus. Once in the abdomen, the fundopli- 
cation should remain there, and a gentle up-and-down 
motion on the diaphragm should not encourage it to 
emerge back through the esophageal hiatus into the chest. 
If the repair remains in the abdomen unaided, the pre- 
viously placed crural sutures are tied to approximate the 
crura and reduce the size of the hiatus. 


Postoperative Evaluation 


Postoperative morbidity and mortality within the first 
30 days after operation were obtained from the patient’s 
office and hospital record. A clinical evaluation was ob- 
tained yearly and consisted of a direct interview with the 
patient in the clinic or by phone. A standard questionnaire 
was used to collect the data and assure completeness of 
the yearly clinical evaluation. Questions were directed to- 
wards assessing the presence of symptoms indicating the 
recurrence of reflux (heartburn, regurgitation, and aspi- 
ration) and the occurrence of side effects of the operation, 
that is, the inability to belch or vomit, temporary swal- 
lowing discomfort (resolved within 3 months), persistent 
dysphagia, the need for dilatation, increased flatus, and 
symptomatic gas bloat. To avoid bias, dysphagia was de- 
fined as any discomfort in swallowing. Patients were also 
asked for their own assessment of the operation. The eval- 
uation obtained at the last patient-physician encounter 
was used for data analysis except when a symptomatic 
recurrence occurred. In this situation, the date of recur- 
rence was noted, and no further data were recorded at 
subsequent encounters from this part of the questionnaire. 
All patients were contacted at least once during the follow- 
up period. At the last evaluation, 26 of the initial 100 
patients were unable to be contacted. In these patients, 
their previous evaluation was used for analysis. 

Patients were asked to volunteer for postoperative en- 
doscopy and esophageal function studies consisting of 
manometry and 24-hour esophageal pH monitoring. 
Thirty-six patients volunteered, 21 between 6 months and 
2 years, seven between 2 and 5 years, and eight between 
5 and 10 years after the operation. Nine of these patients 
volunteered for two postoperative studies, the first within 
l year and the second between 3 and 9 years after the 
operation. 


Statistical Analysis 


The standard life table method was used to evaluate 
the symptomatic recurrence rate. The chi square test, with 
correction for continuity when appropriate, was used to 
compare percentages. The two-tailed t-test was used to 
compare means. Statistical significance was designated at 
the 0.05 level. Values were expressed as mean + standard 
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deviation, except in illustrations where the standard error 
of the mean was used. 
Results 

Table 2 lists the operative mortality and morbidity. The 
one death that occurred in the series was due to an ana- 
phylactoid drug reaction 22 days after the operation and 
14 days after the patient was discharged from the hospital. 
In one patient, dissection around the esophagus produced 
a 3.0 cm tear. This was closed and buttressed by the fun- 
doplication without consequence. Once incidental sple- 
nectomy occurred in the series. One patient developed 
acute cholecystitis on the fifth postoperative day and re- 
quired cholecystectomy. ` 

The follow-up period ranged from 1 to 13 years and 
averaged 45 months. Seven patients died during the fol- 
low-up period, including the one operative death. None 
of the deaths was due to the operation. 

There were three symptomatic recurrences of gastro- 
esophageal reflux occurring 6 months, 2 years, and 7 years 
after operation. Figure 9 shows the actuarial success rate 
of the operation in controlling reflux symptoms based on 
the number of patients at risk for each yearly interval of 
follow-up. This analysis shows that the operation has a 
91% success rate in controlling reflux symptoms over a 
10-year period. All 33 patients with preoperative esoph- 
ageal dysphagia, and seven of the eight with cervical dys- 
phagia, were relieved after surgery. A cricopharyngeal 
myotomy was successfully performed in the one patient 
with persistent cervical dysphagia.!! 

Thirty-six patients volunteered for postoperative 


_ esophageal manometry and 24-hour pH monitoring. Nine 


patients volunteered for a second postoperative study 3 
to 9 years after the operation. All nine patients were nor- 
mal on their first postoperative 24-hour pH test. On the 
second study, four of them remained normal and five 
became abnormal. Overall, the 24-hour pH test was ab- 
normal in six patients, one on the first and five on the 
second study (Fig. 10). 

Two of the three patients with a symptomatic recur- 
rence had postoperative esophageal function studies. Both 
had an abnormal 24-hour pH monitoring test, one on the 
first, and the other on a second study. The cause of the 
recurrence in the former was a defective cardia secondary 
to breakdown of the repair and, in the latter, delayed acid 
clearance of physiologic reflux episodes. 

Thirty-four asymptomatic patients had postoperative 
studies and four had an abnormal 24-hour esophageal pH 
monitoring test. In all four, an initial postoperative 24- 
hour pH test was normal. In each patient, the abnormal 
test was due to delayed acid clearance of physiological 
reflux episodes. Thirty patients had a normal postopera- 
tive 24-hour esophageal pH monitoring test. Four patients 


had two postoperative studies, both of which were normal. — 
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TABLE 2. Operative Mortality and Morbidity 
No. Patients 


Death (Unrelated; postdischarge; P.O. day 22) l 
Esophageal tear l 
Splenectomy i 
Pleural effusion (required thoracostomy) 3 
Wound infection . Í 
Deep venous thrombosis 2 
Atelectasis (increased hospitalization) 2 
Costocondritis 2 
Acute cholecystitis i 
Mortality = 1%. 

Morbidity = 13%. 


Altogether, there were five patients who after operation 
had delayed acid clearance of physiological reflux episodes, 
one symptomatic and four asymptomatic. All five had - 
sequential postoperative pH studies. The first study was 
done within Í year of the operation. The second study 
was done at 3 years in two patients, and 7, 8, and 9 years 
after the operation in the remaining three patients. In all 
five patients, the first postoperative 24-hour pH test was 
normal and the second abnormal. The delayed acid clear- 
ance was reflected by an increase in the number of reflux 
episodes lasting 5 minutes or longer (Fig. 11), while the 
total number of reflux episodes remained within normal 


‘limits. This finding suggested that over time the procedure 


causes a deterioration of esophageal acid clearance either 
by affecting propulsive force of the esophageal body or 
increasing the resistance of the cardia to esophageal emp- 
tying. 

Table 3 shows the technique of fundoplication used in . 
these five patients. All of them had a fundoplication of 
3.0 to 4.0 cm in length, and in two it was performed over 
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Fic. 9. Actuarial success rate of the Nissen fundoplication in the control 
of reflux symptoms. The numbers on the lower curve represent the pa- 
tients at risk for each subsequent yearly interval from. which the actuarial 
curve was calculated. 
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Fic. 10. Pre- and postoperative 24-hour pH score in 36 patients. Six 
patients had an abnormal postoperative study: two had symptoms of 
heartburn and regurgitation and four were asymptomatic. 


a 36 French bougie. This Suggests that such a long and/ 
or narrow fundoplication may have contributed an in- 
creased resistance to esophageal emptying. In three pa- 
tients, the fundus was not mobilized, and, consequently, 
the body of the stomach was most likely used to construct 
the fundoplication. This could prevent complete relaxa- 
tion of the distal esophageal sphincter on swallowi ng and 
interfere with acid clearance. '2 

Table 4 shows that, after operation, all of these five 
datients had an esophageal peristalsis of normal ampli- 
ude, but four showed an incomplete relaxation of the 
listal esophageal sphincter on swallowing. In patients No. 
', 2, and 3, the fundus was not mobilized (Table 3). Patient 
No. 5, who had complete sphincter relaxation, developed 
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Fic. 11. Number of reflux episodes 25 minutes from sequential 24-hour 
pH monitoring studies in five patients with an abnormal postoperative 
24-hour pH score. In all patients an initial postoperative test was normal 
and a subsequent test became abnormal. An increase in the number of 
reflux episodes lasting 5 minutes or longer, while the total number of 
reflux episodes remained within normal limits, indicates a delayed 
esophageal clearance of physiologic reflux episodes. 


after operation an esophageal motility disorder. In all five 
patients, the distal esophageal sphincter pressure was in- 
creased by the procedure and remained stable during the 
observation period. 

Figure 12 shows that with mobilization of the fundus 
the likelihood of having complete relaxation of the distal 
esophageal sphincter on swallowing is significantly in- 
creased. This occurred without loss of reflux control, ex- 
cept in one patient, previously mentioned, whose 24-hour 
pH test became abnormal because of an inability to clear 
acid due to an esophageal motility disorder induced by 
surgery. 


TABLE 3. Technique of Fundoplication in Patients Who Developed 
Delayed Esophageal Acid Clearance after Operation 


Length Size 
Wrap Bougie Mobilization 
Patient (cm) (French) Fundus 
I 4 36 No 
2 4 36 No 
3 4 60 No 
4 3 60 Yes 
5 3 60 Yes 
a a eh a BE ene Et 
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TABLE 4. Esophageal Manometry in Patients Who Developed Delayed Esophageal Acid Clearance afier Operation 
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DES 
Pressure DES Overall 
Patient Studies (mmHg) Length (cm) 
l Preop 7.0 3.5 
Postop 1 14.0 4.5 
Postop 2 21.0 2.4 
2 Preop 17.0 4.0 
Postop | 31.0 3.0 
Postop 2 19.0 4.0 
3 Preop 3.7 3.3 
Postop | 15.0 3.5 
Postop 2 14.0 3.6 
4 Preop 5.3 2.3 
. Postop í 13.0 2.4 
Postop 2 12.0 2.6 
5 Preop 6.0 47 
Postop | 24.0 3.0 
Postop 2 15.7 2.7 


DES Abdominal DES Relaxation Amplitude Esophageal 
Length (cm) (%) Contractions (mmHg) 
1.0 100 40 
3.5 0 30 
1.4 0 30 
1.5 100 45 
2.0 0 40 
3.0 0 45 
1.0 100 35 
2.0 50 30 
22 50 30 
0.0 100 50 
2.0 30 45 
2.0 30 45 
1.7 100 50 
1.5 100 45* 
1.3 100 35* 





* >30% simultaneous contractions. 


Table 5 shows the side effects of the operation for the 
whole series (Periods I, II, If, and IV), and compares the 
incidence of side effects associated with the original op- 
erative technique (Period I) to those associated with the 
currently used technique (Period IV). There was no dif- 
ference in the incidence of the inability to belch or vomit 
with the change in technique between Periods I and IV, 
but it did decrease significantly the postoperative incidence 
of temporary swallowing discomfort and persistent dys- 
phagia. Figure 13 shows that a reduction in induced tem- 
porary swallowing discomfort (resolved within 3 months) 
was obtained by increasing the caliber of bougie used to 
size the gastric wrap from 36 to 60 French. Figure 14 
shows that a reduction in induced persistent dysphagia 
was obtained by decreasing the length of the gastric wrap 
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FIG. 12. The relationship of using the mobilized gastric fundus in con- 
structing the fundoplication to the incidence of complete manometric 
relaxation of the distal esophageal sphincter on swallowing based on 36 
postoperative studies. 
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from 4.0 to 1.0 cm. Only two patients with persistent 
dysphagia, both from Period II, required dilatation. Nei- 
ther responded and eventually required a second operation 
for relief. 

Table 6 shows that the postoperative incidence of 
symptomatic gas bloat and increased flatus was signifi- 
cantly lower in patients whose preoperative distal esoph- 
ageal sphincter manometrics were more than two standard 
deviations below the mean measured in the control sub- 
jects (Table 7). Similarly, the pure upright refluxers, who 
are characteristically aerophagic, had a higher postoper- 
ative incidence of symptomatic gas bloat (four of six) than 
the supine (four of 16) or the combined refluxers (seven 
of 78). All upright refluxers had distal esophageal sphincter 
manometrics similar to control subjects. 

Table 8 shows the evaluation of the operative results 
from the patient’s perspective. Ninety of the 100 patients 
were satisfied with their surgical results to date, and 92% 
would have the operation if the decision had to be made 
over. 

Before operation, the patients as a group had a signif- 
icantly lower mean distal esophageal sphincter pressure 
(Fig. 15), shorter mean overall sphincter length (Fig. 16), 


TABLE 5. Side Effects of the Operation 


` Periods 

I, 0, DI, IV Period I Period IV 
Inability to belch 36% 21% 36% 
Inability to vomit (if tried) 63% 61% 63% 
Temporary swallowing discomfort 50% 83% 39%* 
Increased flatus 38% 50% 30% 
Symptomatic gas bloat 15% 21% 11% 
Persistent dysphagia 14% 21% 3%* 


*p< 0.01. 


18 DEMEESTER, BONAVINA, AND ALBERTUCCI 


100 


75 
% 
50 






6/15 14/36 


25 





tem 
60F 


4cm 4cm 3cm 
36F 60F 60F 


FIG. 13. Incidence of induced temporary swallowing discomfort in relation 
to the technique used to construct the fundoplication (N = 100). A 
significant reduction occurred by increasing the caliber of the bougie 
used to size the gastric wrap to 60 French. 


and shorter mean sphincter length exposed to intra-ab- 
dominal pressure (Fig. 17) than the control subjects. The 
operation, which is designed to improve the mechanics 
of the cardia, corrected these deficiencies, as shown by 
the mean values for similar manometric measurements 
made in the 36 patients who volunteered for postoperative 
studies. Before operation, the patients had a significantly 
lower mean amplitude of esophageal contractions than 
did the control subjects. The addition of a fundoplication, 
regardless of its length or diameter, did not significantly 
change this measurement (Fig. 18). 

On preoperative endoscopy, 42 patients had endoscopic 
esophagitis: nine of grade one, 20 of grade two, and 13 of 
grade three. Four patients with grade two esophagitis had 
associated Barrett’s esophagus. Thirteen of the 36 patients 
who had postoperative studies had esophagitis before op- 
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FIG. 14. Incidence of induced persistent dysphagia in relation to the 
‘ecAnique used to construct the fundoplication (N = 100). A significant 
eduction occurred by reducing the length of the gastric wrap to 1.0 cm. 
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TABLE 6. Incidence of Side Effects of the Operation Related to 
Preoperative Distal Esophageal Sphincter Manometrics 


Normal D.E.S. Defective D.E.S. 
(N = 43) (N = 57) 
Symptomatic gas bloat 44%, 23%* 
Increased flatus 75% 48%* 
TE ee oe cea 


* p< 0.05. 


eration, one of whom had associated Barrett’s esophagus. 
Healing of the esophagitis occurred after operation in all 
patients. Complete regression of the columnar-lined ep- 
ithelium was observed in the patient with Barrett’s esoph- 
agus 6 years after operation, 3 


Discussion 


This study shows that the Nissen fundoplication is an 
effective and durable antireflux procedure and can abolish 
the symptoms and complications associated with gastro- 
esophageal reflux disease. If the diagnosis of gastroesoph- 
ageal reflux disease is documented by a positive 24-hour 
pH monitoring test, the operation is able to control reflux 
symptoms in 91% of the patients over a 10-year period. 
The study also shows that the major side effects of the 
procedure can be minimized with further patient selection 
and attention to technical details in the construction of 
the fundoplication. 

Long-term control of reflux symptoms can be assured 
only when selection of patients for surgery 1s based on: 
(1) the presence of reflux symptoms, with or without per- 
sistent esophagitis; (2) an increase in esophageal acid ex- 
posure, documented by 24-hour esophageal pH monitor- 
ing; and (3) the presence of adequate esophageal contrac- 
tility. In some patients, the cause of reflux symptoms and 
increased esophageal acid exposure is not due to a mano- 
metrically defective distal esophageal sphincter but to 
gastric pathology that causes reflux through a manomet- 
rically normal sphincter. In such patients, the fundopli- 
cation will stop the symptoms and the reflux of gastric 
contents into the esophagus but may cause other com- 
plaints, such as symptomatic gas bloat. These patients 
should be identified and investigated before operation for 
gastric pathology or excessive aerophagia as a cause of 
their reflux. The results in Table 6 show that the incidence 
of these side effects can be significantly reduced by op- 
erating only on patients who have a supine or combined 


TABLE 7. Manometric Measurements of the Distal Esophageal 
Sphincter in Control Subjects {N = 45) 


Mean + SD Mean — 2 SD 
DES pressure 14.9 +46 mmHg 5.7 mmHg 
DES overall length 42+ 1l cm 2.0 cm 
DES abdominal length 2.6 + 0.8 cm 1.0 cm 


Val. 204 + No, I 


-TABLE 8. Patient’s Evaluation of the Operative Results 


% 
Cured by operation . 83 
Improved by operation 10 + 100 
Worsened by operation 7 
Satisfied with surgery 90 
Would have surgery again 92 


pattern of reflux and a manometrically deficient distal 
esophageal sphincter. The latter are patients whose 
sphincter manometrics are two standard deviations below 
the mean measurements in control subjects, that i$, a 
sphincter pressure of 6.0 mmHg or less, an overall sphinc- 
ter length of 2.0 cm or less, and/or a length of sphinc- 
ter exposed to intra-abdominal pressure of 1.0 cm or 
less'*!> (Table 7). 

Technical modifications were made in the construction 
of the fundoplication because of the high incidence of 
temporary swallowing discomfort and persistent dys- 
phagia associated with the original procedure. The oc- 
currence of temporary swallowing discomfort (resolved 
within 3 months) and persistent dysphagia was signifi- 
cantly reduced by increasing the caliber of the bougie used 
to size the gastric wrap to 60 French and reducing the 
length of the wrap to 1.0 cm. Two patients with persistent 
dysphagia required dilatation. Both had a 4.0 cm wrap 
which had to be taken down for relief. With the current 
surgical technique, only one patient has complained of 
occasional postoperative dysphagia. This patient has not 
required dilatation. 

A second reason for a change in operative technique 
was the fear that the initial method used to reconstruct 
the cardia was the cause for the gradual deterioration in 
esophageal acid clearance observed in five of the nine pa- 
tients who had sequential postoperative studies. Based on 
our observations, the decrease in acid clearance was 
thought to be due to a failure of the distal esophageal 
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Fig. 15. Comparison of the mean distal esophageal sphincter pressure 
measured in control subjects, and in patients before and after surgery. 
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FIG. 16. Comparison of the mean overall length of the distal esophageal 
sphincter measured in control subjects, and in patients before and after 
Surgery. 


sphincter to relax completely on swallowing rather than 
a deterioration in esophageal contraction or the construc- 
tion of a too long or narrow fundoplication. The former 
could not be supported by the postoperative manometric 
studies and the latter would more likely cause greater re- 
sistance to the esophageal emptying of solids than liquids. 
The fact that increasing the diameter and reducing the 
length of the fundoplication lowered the incidence of dys- 
phagia supports this concept. Three of the five patients 
who developed delayed acid clearance after operation did 
not have mobilization of their fundus when the fundo- 
plication was constructed. In all three, the sphincter did - 
not completely relax on postoperative studies. Conse- 
quently, the operative technique was changed and the 
fundoplication constructed with the mobilized gastric 
fundus to assure complete relaxation of the reconstructed 
cardia.'* This technical change resulted in a higher inci- 
dence of complete relaxation of the cardia without loss 
of reflux control (Fig. 12). We hope that this change in 


3.0- 
2.5 
D.E.S. 
Abdominal 2.0 
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(cm) 1.6 
100 
1.0 
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2.6+0.8 1.5 + 0.9 2.4 + 1.1 


Fic. 17. Comparison of the mean abdominal length of the distal esoph- 
ageal sphincter measured in control subjects, and in patients before and 
after surgery. 
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FiG. 18. Comparison of the mean amplitude of esophageal contractions 
measured in control subjects, and in patients before and after surgery. 


technique will prevent the inability of some patients to 
effectively clear physiological reflux after fundoplication. 
The observation of the development of delayed esophageal 
acid clearance after operation probably explains the re- 
ported failure of histological improvement in esophageal 
mucosa biopsies after a Nissen fundoplication. '® 

The characteristics of a mechanically defective distal 
esophageal sphincter were defined in previous studies re- 
lating esophageal manometry to increased esophageal acid 
exposure on 24-hour pH monitoring.'*'5 The present 
study shows that the Nissen fundoplication can correct 
these manometric abnormalities and indicates that the 
operation is able to restore normal physiology to a me- 
chanically defective sphincter. Furthermore, this can be 
accomplished without causing a deterioration or aug- 
mentation in the esophageal contractility. 

On the basis of our experience, we conclude that the 
Nissen fundoplication, constructed according to the de- 
scribed technical modifications, is an effective and durable 
antireflux repair and has negligible side effects. The best 
results are obtained in symptomatic patients who have 
an abnormal 24-hour esophageal pH monitoring test with 
supine or combined pattern of reflux, a mechanically de- 
fective distal esophageal sphincter, and adequate con- 
tractility of the esophageal body. 


Summary 


This study shows that the Nissen fundoplication is an 
effective and durable antireflux repair, providing relief of 
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reflux symptoms in 91% of patients for up to 10 years. 
The side effects of the Operation can be minimized by 
proper patient selection and attention to the technical de- 7 
tails in constructing the fundoplication. The operation 
has proven capable of correcting manometric measure- 
ments of the distal esophageal sphincter associated with 
an increased esophageal acid exposure. 
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But once is enough. 
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Please see brief summary of full prescribing 


Cuances ARE, you've never seen a pulmonary 
embolism (PE), much less a fatal one. But even 
so, you know the consequences can be 
catastrophic. 

Now there is a way you can decrease the 
odds of that happening: with Embolex (DHE 
0.5 mg/heparin 5000 units) Injection. 


An advanced, two-pronged defense. 


A unique combination of low-dose heparin 
and dihydroergotamine, Embolex Injection acts 
to prevent postop deep-vein thrombosis (DVT) 
and PE ina way heparin alone can't.’ 

As you'd expect, the low-dose heparin 
component prevents hypercoagulability.” But 
Embolex Injection does more. Its DHE compo- 
nent acts on the venous system to help prevent 
venous stasis.” 

Embolex increases venous tone up to 
950% and venous blood flow up to 50%. Yet 
Embolex Injection affects other hemodynamic 
parameters only minimally.’ 

44% decrease in deep-vein thrombosis 
compared with heparin alone.’ 
A 16-site U.S. multicenter study confirmed a 
44% decrease in DVTs for Embolex Injection 
compared with low-dose heparin as diagnosed 
by the radiofibrinogen uptake test. 

The same study revealed no statistically 
significant difference in postop bleeding between 
Embolex Injection and placebo. In both cases, 
postop bleeding was at the 2% level. Wound 
hematoma was 3% with Embolex Injection and 
2% with placebo.’ 


This protection is safe, easy and inexpensive. 


Embolex Injection 1s easy to administer: just 

one subcutaneous injection two hours preop and 

one injection b.i.d. for five to seven days there- 

after, Cost to the hospital is less than $5.00 a day. 
So wouldn't you agree Embolex Injection 

is well worth evaluating on your next high-risk 
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EMBOLEX 


(dihydroergotamine mesylate and heparin sodium; 
with lidocaine HCH Injection 


INJECTION 


indications and usage: Embolex (dihydroergotamine mes- 
yiate and heparin sodium: with lidocaine HC} Injection {a 
low-dose regimen) is indicated for the prevention of post- 
operative deep venous thrombosis and pulmonary embo- 
lism in patients undergoing major abdominal, thoracic, or 
pelvic surgery (see DOSAGE AND ADMINISTRATION}. 
Such prophylaxis should generally be reserved for patients 
over the age of 40 who are undergoing major surgery. 
Contraindications: Embolex idihydroergotamine mesy- 
late and heparin sodium: with lidocaine HCI) treatment is 
contraindicated in patients who have previously shown 
hypersensitivity to heparin. ergot alkaloids, or fidocaine. 
This combination is aiso contraindicated in patients with 
known peripheral vascular disease, coronary insufficiency, 
angina, severe hypertension, impaired hepatic or renal 
function, sepsis, severe thrombocytopenia, or in patients 
receiving oral anticoagulant therapy 
Heparin shouid not be administered to patients with an 
uncontroliable active bleeding state, or patients unable to 
submit to suitable blood coagulation tests (e.9., whole 
blood clotting time, partial thromboplastin time). While 
Embolex (dihydroergotamine mesylate and heparin 
sodium. with lidocaine HC!) contains heparin, this con- 
traindication refers to tuli dose heparinization. Embotex 
{dihydroergotamine mesylate and heparin sodium: with 
lidocaine HCI), which utilizes iow dose heparin as one of 
its components, does not require monitoring of patients 
having normal coagulation parameters. 
DHE possesses oxytocic properties. Therefore, Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCI) Injection shouid not be administered dur- 
ing pregnancy. 
Warnings: Need to Rule Out Bleeding Disorders: All patients 
should be screened prior to administration of Embolex 
idihydroergotamine mesylate and heparin sodium: with 
lidocaine HCl) prophylaxis to rule out bleeding disorders: 
appropriate coagulation tests should be repeated just prior 
to surgery. Test values should be normal or only slightly 
elevated at these times. 
Caution in Disease States in Which There is an Increased 
Danger of Hemorrhage: Embolex (dihydroergotamine mes- 
ylate and heparin sodium: with lidocaine HCl} Injection 
should be used with extreme caution in disease states in 
which there is increased danger of hemorrhage. The poten- 
tial tor increased bleeding both during and after surgery 
shouid be considered. Some of the conditions in which 
increased danger of hemorrhage exists are: 
Cardiovascular: Subacute bacterial endocarditis: severe 
hypertension. 
Surgical: During and immediately following (a) spinal tap 
or spinal anesthesia or {b} major surgery. especially involy- 
ing the brain, spinal cord, or eye. 
Hematologic: Conditions associated with increased bleed- 
ing tendencies, such as hemophilia, thrombocytopenia, 
and some vascular purpuras. 
Gastrointestinal: Ulcerative lesions and continuous tube 
drainage of the stomach or small intestine: liver disease 
with impaired hemostasis. 
Thrombocytopenia: Thrombocytopenia has been reported 
to occur in patients receiving heparin with a reported inci- 
dence of 0 to 30%. Mild thrombocytopenia (count greater 
than 100,000/mm3) may remain stable or reverse even if 
heparin is continued. However, thrombocytopenia of any 
degree should be monitored Closely. If the count falls beiow 
400,000/mm? or if recurrent thrombosis develops (see 
White Clot Syndrome, PRECAUTIONS), Emholex idihy- 
mine mesylate and heparin sodium: with lidocaine 
HCH administration should be discontinued. 
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Emboiex idihydroergotamine mesylate and heparin 
sodium; with lidocaine HCI) injection does not have fibri- 
nolytic activity: therefore it will not lyse preexisting or estab- 
lished deep vein thrombi. H clinical evidence of 
thromboembolism develops despite Embolex {dihydroer- 
gotamine mesylate and heparin sodium: with lidocaine 
HCl) prophylaxis, this should be discontinued and full ther- 
epeutic doses af anticoagulants administered unless 
contraindicated, 

Arterial Spasm, DHE, like other ergot alkaloids, can cause 
vasospastic reactions, including angina, although it seems 
to do so jess cammonly than other ergots. This action 
appears to be dose-related: however, some patients may 
demonstrate individual Sensitivity to the agent. 
Vasospastic reactions are manifested by intense arterial 
vasoconstriction, producing signs and symptoms of periph- 
eral vascular ischemia {e.g Muscle pains, numbness, colg- 
ness and pallor of the digits), angina or unusual syndromes 
such as mesenteric ischemia. Because persistent vaso- 
Spasm can result in serious morbidity (gangrene) or death, 
Embolex idihydroergotamine mesylate and heparin 
sodium, with lidocaine HC) should be discontinued imme- 
diately if signs or symptoms of vasoconstriction develop. 
in worldwide experience with Embolex (dihydroergot- 
amine mesylate and heparin sodium; with lidocaine HCI. 
representing abaut 2.8 million exposures, there have been 
66 reports of vasospasm, most in severely traumatized 
patients or patients with a severe debilitating condition 
such as sepsis. in most cases, Cessation of Embolex (dihy- 
droergotamine mesylate and heparin sodium; with lido- 
caine HCH and institution of vasodilator therapy reversed 
the vasospasm. 

in clinical triais of Embolex (dihydroergotamine mesylate 
and heparin sodium: with lidocaine HCI there were two 
instances of mesenteric ischemia, one of which progressed 
to bowel necrosis, that may have been related to DHE. 
Precautions: This:combination should be used with cau- 
tion in patients with hypertension. 

“White Clot Syndrome": Rare patients on heparin may 
develop new thrombus formation in association with throm- 
bocytopenia resulting from irreversible aggregation of piate- 
lets induced by heparin, the 80-Called white clot syndrome. 
The process may lead to severe thromboembolic compli- 
cations like skin necrosis, gangrene of the extremities, myo- 
cardial infarction, Pulmonary embolism and stroke. 
Embolex idihydroergotamine mesylate and heparin 
sodium, with lidocaine HCl) administration should be 
promptly discontinued if a patient develops new throm- 
bosis in association with thrombocytopenia. 

Heparin Resistance: increased resistance to heparin has 
been frequently encountered in fever, thrombosis, throm- 
bophlebitis, infections with thrombosing tendencies, myo- 
cardial infarction, cancer and in postsurgical patients. 
increased Risk in Older Women: A higher incidence of 
bleeding has been reported in women over 60 years of 
age. 

Laboratory Tests: Periodic platelet counts, hematocrits, and 
tests for occult blood in stool are recommended during 
the entire course of heparin therapy, regardless of the route 
of administration. 

Drug Interactions: Agents of the ergot alkaloid Class, of 
which DHE is a member have been shown to interact with 
antibiotics of the macrolide Class, resulting in increased 
plasma levels of theunchanged alkatoid. 

Platelet aggregation is the main hemostatic defense of hep- 
arinized patients. Drugs which interfere with platelet aggre- 
gation reactions (such as acetylsalicylic acid, dextran, 
phenylbutazone, ibuprofen, indomethacin, dipyridamole, 
hydroxychloroquinesand others) may induce bleeding and 
should be used with extreme caution in patients receiving 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCI) injection prophylaxis. 
Digitalis, tetracyclines, nicotine, or antihistamines may par- 
tially counteract the anticoagulant action of heparin 
sodium, 

Drug/ Laboratory Test interactions: Hyperaminotranstera- 
semia: Significant elevations of aminotransferase (SGOT 
S-AST and SGPT S-ALT) levels have been reported in a 
high percentage of patients (and healthy subjects) who 
have received heparin. Since aminotransferase determi- 
nations are important in the differential diagnosis of myo- 
cardial infarction, fiver disease, and pulmonary emboli, 
elevations that may be caused by drugs [like Embolex 
(dihydroergotamine mesylate and heparin sodium: with 
lidocaine HCI injection} should be interpreted with caution. 
Carcinogenesis. Mutagenesis, Impairment of Fertility: No 
long-term studies in animals have been performed to eval- 
uate Carcinogenic potential of either DHE or heparin, Aliso, 
no reproduction studies in animals have been performed 
concerning mutagenesis or impairment of fertility, 
Pregnancy: Pregnancy Category X. See CONTRA- 
INDICATIONS. 

Nursing Mothers: Heparin is not excreted in human miik. 
it is not known whether DHE is excreted in human milk. 
Because many drugs are excreted in human milk, cau- 
tion should be exercised when Embolex (dihydroergot- 
amine mesylate and heparin Sodium, with lidocaine HCI 
Injection is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness of DHE in children 
has not been established. 

Adverse reactions: 

Hemorrhage: Hemorrhage is the chiet complication that 
may result from Embolex idihydroergotamine mesylate and 
heparin sodium: with lidocaine HCI) administration (see 
WARNINGS). An overly prolonged clotting time or minor 
bleeding complications during therapy can usually be con- 
trolled by withdrawing the drug (see OVERDOSAGE). 
Deep subcutaneous administration of Emboiex (dihydroer- 
gotamine mesylate and heparin sodium: with lidocaine 
HCI) Injection may produce local irritation, miid pain, ecchy- 
mosis, or hematoma at the injection site. These complica- 
tions are much more common after intramuscular use, 
and such use is not recommended. 
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HEMORRHAGIC COMPLICATIONS--U.S. STUDY 
Number and Percentage of Patients 


TREATMENT GROUP 


Complication | DHE/HEP DHE/HEP 
$000 2500 


Excessive 

Postoperative | N= 212 
| Bleeding 4 (2%} 
: Change in 







B (4%) 


Pretreatment 
vs. Day 5 
Postop 






| N= 208 
6 (3%) 


N=219 | N=216 IN = 109 
4 (2%) 7 (3%) 2 {2%} 
H N Se 225 N= 221 N ae 109 
26 (12%) | 7 (6%) 


27 (12%) 
N= 159 


41 (26%) 





Hematoma at 
injection Site 
Microscopic 
Hematuria- 
Day 5- N = 156 
Ali Patients- 38 (24%} 
Catheterized & 
Jncatheterized 










N= 157 
43 (27%) 








Other Adverse Effects: DHE is known to produce a num- 
ber of reactions on occasion, including: numbness and 
tingling of fingers and toes. muscle pain in the extremi- 
ties, weakness in the legs, precordial distress and pain, 
transient tachycardia and bradycardia, nausea, vomiting, 
and localized itching and edema. 

Generalized hypersensitivity reactions have been reported 
in patients receiving heparin therapy. The most common 
symptoms associated with such reactions are: chills, fever, 
and urticaria. Asthma, rhinitis, lacrimation, headache, nau- 
sea and vomiting, and anaphyilactoid reactions, including 
shock, have also been reported more rarely. itching and 
burning, especially on the plantar side of the feet. may 
occur. 

Thrombocytopenia has been reported to occur in patients 
receiving heparin with a reported incidence of 0-30%. 
While often miid and of no obvious Clinical significance, 
such thrombocytopenia can be accompanied by severe 
thromboembolic complications such as skin necrosis, gan- 
grene of the extremities, myocardial infarction, pulmonary 
embolism, and stroke. (See WARNINGS, PRECAUTIONS). 
in preliminary studies with normal volunteers, doses of 
DHE of 2-3 mg resulted in an increased frequency of head- 
ache, leg cramps and soreness, nausea and vomiting; 
these were relatively uncommon in domestic and foreign 
controlled trials in surgical Patients, where DHE was used 
at the recommended dose of 0.5 mg. The following table 
shows the frequency of adverse reactions reported in con- 
trolled trials for all treatment groups pooled: 


INSTANCES OF ADVERSE EFFECTS’ 
U.S. EMBOLEX (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCl) CLINICAL TRIALS 


TREATMENT GROUP 
Complication | DHE/HEP | OHE/HEP 

5000 2500 | HEP 5000 | Placebo 

N = 232 |N= 197 


N = 236 
1 (0.4%) 


N= 478 
















INTESTINAL 
Nausea 
Vomiting 
Abdominal 
Discomfort 

GI Bleeding 
Miscellaneous 


CARDIO. 








11 (2.3%) 
11 (2.3%) 


3 (0.6%) 
4 (0.8%) 


2 (1.0%) 
2 (1.0%) 






3 {4.3%} 































VASCULAR 

Chest Pain 7 (1.5%) 2 11.0%) 
Hypertension 2 (0.4%) | 2 (0.8%) 
i Myocardial 

infarction 2 (0.4%) | 4 (0.4%) t (0.4%) 
Shortness of 

Breath 2 (0.4%) 

Tachycardia 2 (0.4%) | 1 (0 4%) 

Miscellaneous | 6 (1.3%) | 2 (0.8%) | 2 (0.9%) 

CNS 

Pyrexia 
i Miscellaneous 1 (0.4%) 12 (1.0%) 
SKIN 

Rash 817%] 1 {0.4%} t 0.4%) 12 (1.0%) 
Miscellaneous | 9 (1.9%) | 1 (0.4%) 2 (1.0%) 


“Not all of the adverse reactions can be attributed to 
Embolex (dihydroergotamine mesylate and heparin 
sodium, with lidocaine HCl), as these postsurgical patients 
received other drugs. 


How supplied: Embolex (dihydreergotamine mesylate and 
heparin sodium, with lidocaine HGH Injection is available 
as a single ampul in packages of 20 and 100 as follows: 
nie 0.5 mg/2500 USP Units Heparin/Lidocaine HCI 

.33 mg 
Package of 20 ampuls (NDC 0078-01 18-03). 
Package of 100 ampuls (NOC 0078-0118-05). 
This combination Strength is not currently available. 
phys 0.5 mg/5000 USP Units Heparin/Lidocaine HC) 

46 mg 
Package of 20 amputls (NDC 0078-0119-03). 
Package of 100 ampuls (NDC 0078-0119-085). 
Store and dispense: Store below 77°F (25°C), dispense 
in light-resistant containers, 


Manutactured by Sandoz, Ltd., Basle, Switzerland for 
Sandoz Pharmaceuticals Corporation, East Hanover, 
NJ 07936. 
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Of 193 patients with penetrating wounds of the neck, 76 had 
only surgical exploration; 57 had only nonsurgical exploration 
including one or more of the following: arteriography, bron- 
choscopy, laryngoscopy, esophagoscopy, and contrast-swallow 
esophagogram; and 60 had both surgical and nonsurgical explo- 
ration. Eighty-six patients were wounded by gunshot, 108 by 
stabbing. Presenting signs and symptoms were an unreliable 
method of predicting presence or absence of injury. Overall neg- 
ative rate of surgical exploration was 50% (54% of the stabbings 
and 45% of the gunshots). Accuracy of nonsurgical exploration 
was assessed by comparing to surgery. Arteriography was 100% 
accurate, a combination of bronchoscopy and laryngoscopy was 
100% accurate, contrast-swallow esophagogram was 90% ac- 
curate, and esophagoscopy was 86% accurate. The literature was 
reviewed regarding the accuracy of nonsurgical as well as surgical 
exploration. The one complication attributed to nonsurgical ex- 
ploration was a symptomatic anemia, while there were two wound 
infections resulting in increased length of stay associated with 
negative surgical exploration. Overall mortality rate was 5.6%. 
The average length of stay for nonsurgical exploration only was 
2.8 days, for negative surgical exploration was 4.2 days, and for 
positive surgical exploration was 9.5 days. Financial cost of a 
negative surgical exploration was $3185, while for four-vessel 
cerebral arteriography with panendoscopy it was $3492. More 
studies need to be done, particularly concerning venography and 
esophagoscopy. However, considering the fact that surgical ex- 
ploration should by no means be considered 100% accurate, the 
data in this study support the fact that arteriography with pan- 
endoscopy represents an equally safe and acceptable method of 
exploration of penetrating wounds of the neck for stable patients 
without specific signs and symptoms of injury and can be expected 
to result in a reduced number of negative surgical explorations 
and their associated morbidity as well as a reduced length of 
hospital stay, although at a slightly higher financial cost when 
compared to mandatory surgical exploration. 


ROPER EVALUATION and management of pene- 
trating wounds to the neck remain a controversial 
subject, with opinion in the literature evenly di- 
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vided. Many authors advocate routine surgical exploration 
of all injuries that penetrate the platysma, citing the high 
morbidity and mortality associated with missed injuries 
and the inadequacy of presenting signs and symptoms as 
an indication of injury. In return, they accept a rather 
high rate of negative surgical exploration with its accom- 
panying low, but not insignificant, morbidity.!® Other 
authors advocate passive observation of carefully selected 
patients based on the absence of specific signs and symp- 
toms of injury or in the presence of negative findings on 
contrast-swallow esophagogram or arteriography, citing 
no increase in mortality or morbidity as well as a reduced 
rate of negative surgical exploration.>”'!> Some authors 
have also included esophagoscopy in their nonsurgical 
workup.'®!’ With respect to the literature, no authors have 
thoroughly evaluated the use of a complete nonsurgical 
exploration using a combination of arteriography, laryn- 
goscopy. bronchoscopy, and esophagoscopy. 

As an alternative to mandatory surgical exploration, 
the question arises whether patients who are stable and 
without obvious clinical signs of injury can instead be 
initially evaluated, not by passive observation but by an 
active though nonsurgical exploration utilizing arteriog- 
raphy and panendoscopy (laryngoscopy, bronchoscopy, 
and esophagoscopy) to assess vascular and visceral injury, 
undergoing surgery only in the presence of positive find- 
ings on nonsurgical exploration or upon acute deterio- 
ration in course. If this is indeed a valid method of eval- 
uation and not associated with any increase in mortality, 
morbidity, or false-negative findings, it could become a 
more desirable form of management. It seems reasonable 
to assume that selective nonsurgical evaluation would re- 
sult in a reduced rate of negative surgical exploration as 
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well as a reduced rate of morbidity associated with those 
negative explorations. The potential also exists for reduc- 
ing the length of hospital stay and possibly the financial 
cost to the patient as well. 


Methods 


A total of 294 patients with a diagnosis of penetrating 
wound of the neck by the International Classification of 
Diseases were discharged from or died at the Charity Hos- 
pital of New Orleans during the 5-year period from Jan- 
uary |, 1980 through December 31, 1984. Of these, 74 
patients were excluded from the study because of one or 
more of the following reasons: their wound was superficial 
only and was sutured primarily in the accident room: the 
wound was due to blunt trauma; or, upon closer chart 
examination, the wound was found to be miscoded and 
either in the face, head, chest, or back, not to the neck. 
Additionally, seven charts were lost or otherwise unob- 
tainable at the time of study. 

Ofthe 213 patients remaining in the study, the median 
age was 29, with a range of 2 to 62 years. There were 179 
males and 34 females; 154 were black and 59 were white. 
Eighty-six of the wounds were caused by gunshot, 108 by 
knife or other sharp instrument, ten by shotgun, four by 
pellet or BB, and five by motor vehicle accident. One 
hundred thirty-four were single wounds to the neck, while 
79 were multiple wounds involving other areas of the body 
as well. Ninety-five patients had wounds to the anterior 
neck, 48 to the left lateral, 41 to the right lateral, and 29 
to the posterior. 

Of these 213 patients, any patients who were either not 
stable or exhibited signs and symptoms of vascular or 
visceral injury such as shock, large amount of blood lost, 
deteriorating course, obvious arterial bleed, expanding 
hematoma, absent or diminished pulse, bruit, hemoptysis, 
air blowing from wound, hemothorax, hematemesis, or 
neurological findings were taken immediately to the op- 
erating room after appropriate resuscitation for formal 
neck exploration and repair of any injuries, unless the 
supervising surgeon determined that it was safe to explore 
them nonsurgically. Those stable patients without such 
signs and symptoms were divided into two groups. In one 
group, patients underwent immediate surgical explora- 
tion, while in the other patients were evaluated by non- 
surgical exploration including a combination of one or 
more of the following: arteriography, venography, laryn- 
goscopy, bronchoscopy, esophagoscopy, and contrast- 
swallow esophagogram. These patients then underwent 
surgery only in the presence of positive findings on non- 
surgical exploration or upon acute hemodynamic or re- 
spiratory deterioration. The decision as to surgical or 
nonsurgical exploration lay with the primary surgeon. 
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Results 


Of the 213 patients in the study, 17 were essentially 
dead on arrival or died in the accident room with no pro- 
cedures performed other than unsuccessful resuscitative 
measures. An additional three patients died anywhere 
from 4 to 46 days postadmission from high spinal cord 
transection with no procedures performed or indicated 
because of the nature of their injuries. Of the remaining 
patients, 76 had only surgical exploration, 57 had only 
one or more forms of nonsurgical exploration, while 60 
had both surgical as well as some form of nonsurgical 
exploration. Included in these 60 patients were 19 patients 
who were operated on as a result of positive or noncon- 
clusive findings on previous nonsurgical exploration and 
41 patients who had nonsurgical exploration in conjunc- 
tion with their surgery. Alternately combining these three 
subgroups of patients yielded 136 patients who underwent 
surgical exploration whether or not they also underwent 
nonsurgical exploration, and 117 patients who underwent 
some form of nonsurgical exploration whether or not they 
also underwent surgical exploration (Fig. 1). 


Presenting Signs and Symptoms 


The presenting signs and symptoms of the surgical as 
well as nonsurgical patients are listed in Table 1. As was 
to be expected, the nonspecific signs such as shock or 
crepitance occurred often, but it is noteworthy that shock 
(defined as a systolic blood pressure less than 70 mmHg) 
was present in eight of the patients with negative surgical 
explorations as well as in 18 of those with positive explo- 
rations, while crepitance or subcutaneous air was found 
in seven of the patients with negative surgical explorations 
as well as in 18 of those with positive explorations. On 
the other hand, specific signs such as hematemesis or air 
blowing from the wound were found only in patients with 
positive surgical explorations but occurred in only a small 
total number of patients, eight and five, respectively. 

Also of note is that several signs normally considered 
rather specific were found in patients who subsequently 
had negative surgical or nonsurgical examinations: one 
patient noted on admission as having a bruit suggestive 
of a carotid artery venous fistula was later found to have 
an unrecognized heart murmur and atherosclerotic dis- 
ease, while two patients noted as having hemoptysis 
suggestive of tracheal or laryngeal injury were each found 
to be bleeding from a lung parenchymal injury from a 
second gunshot wound to the chest. 

Those patients who had negative nonsurgical explo- 
rations had approximately the same number of signs and 
symptoms suggestive of serious injury as the patients who 
had negative surgical explorations; of 57 patients with 
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74 patients excluded (see text) m- Total of 294 patients identified -> 7 charts unavailable for study 


213 patients available for study > 20 patients essentially DOA or considered 


unsalvageable 
76 patients underwent surgical exploration 60 patients underwent both surgical and 57 patients underwent nonsurgical exploration 
only nonsurgical expioration* only 
7 Deaths 1 Death No Deaths 
2 from hemorrhagic shock 1 from ischemic infarction secondary to 
2 from Mi 2° hemorrhagic shock carotid artery laceration 


1 from brain contusion 

1 from anoxic brain damage 

1 from hemorrhagic infarction 2° 
reanastomosed carotid artery. 


136 patients underwent surgical expioration 117 patients underwent nonsurgical! exploration 
whether or not they also had nonsurgical whether or not they also had surgical 
exploration exploration 


Fic. 1. Patient flowsheet. *Included in these 60 patients were 19 patients who underwent surgery as a result of positive findings on nonsurgical 
exploration, 


nonsurgical exploration, there were 28 such signs and Anatomic Structures Injured 

symptoms, or 0.49 per patient, while of 60 patients with 

negative surgical exploration, there were 38 such signs The structures found injured either at surgery or au- 
and symptoms, or 0.56 per patient. topsy are listed in Table 2. Major venous injuries were 


TABLE |. Presenting Signs and Symptoms 





Negative Surgical Positive Surgical Nonsurgical Exploration 
Sign or Symptom Exploration* Exploration* Onlyt Dead on Arrivalt 





Vascular 
Shock 
Large amount of blood 


8 18 
3 
Expanding or massive hematoma 6 
I 
l 


5 
12 3 — 
2 
Obvious arterial bleed l 
Bruit | 
Absent distal pulse 


me home ND 
| & 
| 


Respiratory 
Crepitance or subcutaneous air 7 
Dyspnea 2 
2 


pioak, 


Bo m a Ww Un OO NO OO 


Airway obstruction 

Air blowing from wound 

Hemoptysis 1! 
Tracheal deviation i 
Visible trachea 

Hoarseness — 


Gastrointestinal 
Hematemesis — 
Dysphagia 
Blood in nasogastric tube 


bh 


| 
| 


Spinal or neural 
Paraplegia or quadraplegia 
Brachial plexus palsy 
Unresponsive or comatose 


[7] 
Nb 
o 


5 
2 
2 





* No. of patients = 68, vascular disease. 

+ No. of patients = 57, t Secondary to lung parenchyma injury from a multiple unrelated 
ł No. of patients = 20. wound. 

§ In a patient with an unrecognized heart murmur and atherosclerotic 
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TABLE 2. Anatomic Site of Injury 





Found at Surgery 
in 68 Patients 
with Positive 

Surgical 
Explorations 


Found at Autopsy 
in 20 Patients 
DOA* and 
8 Patients Who 
Structure Injured Died Pos:admission 

Vascular 
Internal jugular vein 
External jugular vein 
Subclavian vein 
Innominate vein 
Common carotid artery 
External carotid artery 
Internal carotid artery 
Vertebral artery 
Subclavian artery 
Aorta 
Arteriovenous fistula 


re | masa u DW 


Visceral 
Trachea li 
Pharynx 10 
Esophagus 9 
Hypopharynx 7 
Larynx 5 


Spinal or neural 
Spinal cord C1-C4 
Spinal cord C5~TI 
Brachial plexus 
Facial nerve 
Hypoglossal nerve 
Sympathetic chain 
Brain 


Other 
Thyroid 
Lung 
Submandibular gland 
Parotid gland 


me Pod Lad pa U OQ mea 


he N fa h 
oe mea 





* DOA = dead on arrival. 


common, with 23 internal and 12 external jugular vein 
injuries found at surgery. A significant number of patients 
sustained major arterial injury, with nine common, five 
external, and four internal carotid artery injuries found 
at surgery, in addition to two vertebral artery and one 
subclavian artery injuries. Major visceral injuries were 
also common, with 11 tracheal, ten pharyngeal, nine 
esophageal, seven hypopharyngeal, and five laryngeal in- 
juries found at surgery. A total of 17 patients sustained 
spinal cord laceration or transection. Eight of the nine 
patients with high level (C1 through C4) cord injurv died, 
while none of the eight patients with lower level (C5 
through T1) injury died. 


Clinical Indications for Surgery 


The primary indication given to justify surgery in those 
136 patients who underwent surgical exploration is listed 
in Table 3. As with the presenting signs and symptoms, 
when specific clinical indications were absent and reasons 
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such as location of the wound or penetration of the pla- 
tysma muscle were listed as justification for surgery, there 
was a high degree of correlation with negative surgical 
exploration. Even when specific indications were present, 
not only did they occur in only a small total number of 
patients, but they are still associated with a proportionately 
significant number of negative explorations. 

Figure 2 represents a flowchart for the above-mentioned 
patients. (It is coincidental that there were 76 patients 
with only surgical and 60 patients with both surgical and 
nonsurgical exploration, as well as 76 patients with clinical 
indications for surgery and 60 patients without. These are 
not the same subgroups of patients.) When the single spe- 
cific clinical indications mentioned in Table 3 were con- 
sidered as a group and surgery used as the gold standard 
of comparison, there were 53 true-positive, 45 true-neg- 
ative, 15 false-positive, and 23 false-negative clinical in- 


TABLE 3. Primary Clinical Indications for Surgery 


Positive 
Surgical 
Explorations* 


Negative 
Surgical 
Explorations* 


Clinical Indication 
Present or Absent 





Present 


Vascular 
Shock 
Expanding or massive hematoma 
Large amount of blood 
Absent distal pulse 
Obvious arterial bleed 
Brun mnam 
Hemothorax omen 
Pellet embolus to heart mmm 


mea mea a O d 
=m | ons 


Visceral 
Air blowing from wound == 5 
Exposed trachea 1 | 
Hematemesis = 


Unstable or deteriorating course 
Continued bleeding 
Airway obstruction 
Respiratory arrest 


Positive nonsurgical exploration 

Artenography _ 
Laryngoscopy — 
Esophagogram — 
Esophagoscopy — 
Bronchoscopy -l 
Incomplete/nonconclusive 

arteriogram | 


we BJ a a CAN 


femme. 


Absent 





Location of wound 23 
Penetration of platysma 12 
Crepitance or subcutaneous air 5 
Extent of visible injury 3 
Low blood pressure but not in 

shock i — 
Retroesophageal air on X-ray ] i 


mee oe ON nd 





* No. of patients = 68. 


ate 


A 


r 
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57 patients with only nonsurgical <~—-213 patents avaflable for ———> 20 patients essentially DOA or 
exploration considered unsalvageable 
136 patients underwent surgery 
76 patients with clinical indications 60 patients without clinical Indications 
for surgery for surgery 
40 patients with only surgical 36 patients with both surgical 36 patients with only surgical 24 patients with both surgical 
and nonsurgical exploration and nonsurgical exploration 
76 patients with clinical 60 patients without clinical 
indications for surgery | indications for surgery 
53 with positive surgical 23 with negative surgical 15 with positive surgical 45 with negative surgical 
explorations explorations explorations explorations 


Fic. 2. Flowchart of clinical indications for surgery. 


dications, For this group of primary indications, this yields 
a sensitivity of 78%, a specificity of 66%, and an overall 
accuracy of only 72%. 


Rate of Negative Surgical Exploration 


Of the 76 patients who underwent surgical exploration . 


only, 42 were negative. Of the 60 patients who underwent 
both surgical and nonsurgical exploration, 26 were neg- 
ative surgical explorations. Combining these groups yields 
68 negative surgical explorations out of 136 total, for an 
overall 50% negative rate. The negative exploration rates 
for gunshot wound versus stabbing were fairly similar in 
this same group of 136 surgical patients. Fifty-four per 
cent of the stabbings and 45% of the gunshot wounds 
were surgically negative. 


Accuracy of Nonsurgical Procedures 


The number of times each of the nonsurgical explo- 
rations was performed is listed in Table 4. These proce- 
dures were performed singly and in combination. Accu- 
racy of these nonsurgical procedures was assembled in 
two ways: by clinic follow-up of patients who had only 
nonsurgical exploration and by again using surgery as a 
standard of comparison in those patients who had both 
surgical and nonsurgical exploration. 

Arteriography was performed a total of 74 times. Of 
the nonsurgical-exploration-only patients, 46 had negative 
and two had positive arteriograms in which no therapy 
was indicated: one had a laceration of a small branch of 
the transverse coli artery and one had an intimal nicking 
of the right vertebral artery with a 10% stenosis. None of 
these 48 patients had any delayed complication either due 


to the procedure itself or missed injury as documented 
by clinical follow-up. Of the patients with both surgical 
and nonsurgical exploration, using surgery as a standard 
yielded six true-positives, 20 true-negatives, and no false- 
positives or negatives. Overall, arteriography had a sen- 
sitivity, specificity, and accuracy of 100%. 

Venography was only performed twice on patients who 
had only nonsurgical evaluation. Both venograms were 
negative, and neither of these patients had any delayed 
complication either due to missed injury or the procedure 
itself. 

Contrast swallow esophagogram was performed a total 
of 41 times. Of the nonsurgical-exploration-only patients, 
14 had only esophagogram, which was read as negative, 
and six had esophagogram and esophagoscopy, both of 
which were read as negative. None of these 20 patients 
had any delayed complication. Of the patients with ‘both 
surgical and nonsurgical exploration, using surgery as the 
standard of comparison yielded four true-positives, 15 
true-negatives, one false-positive, and one false-negative. 


l 


TABLE 4. Incidence of Nonsurgical Procedures 


Nonsurgical Both Surgical 
Type of Exploration and Nonsurgical 
Procedure. Only* Explorationf Total 
Arteriography 48 26 74 
Fsophagogram 20 21 41 
Laryngoscopy 4 25 29 
Bronchoscopy 11 18 29 
Esophagoscopy il 22 33 


Venography 2 i 0 2 


* No. of patients = 57. 
+ No. of patients = 60. 
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The false-negative esophagogram was diagnosed by 
esophagoscopy, while the false-positive was due to aspi- 
ration of contrast material with leakage from a tracheal 
perforation. Overall, contrast swallow esophagogram had 
a sensitivity of 80%, specificity of 94%, and accuracy 
of 90%, 

Esophagoscopy was performed a total of 33 times. Of 
the nonsurgical-exploration-only patients, 11 had negative 
esophagoscopic examinations with no delayed compli- 
cations. Of the patients with both surgical and nonsurgical 
exploration, using surgery as the standard ylelded two true- 
positives, 17 true-negatives, two false-positives, and one 
false-negative. The false-positives included one exami- 
nation that found blood in the esophagus without a dis- 
crete lesion and one examination that found a submucosa 
hematoma, while the false-negative was a 1 cm laceration 
not seen at esophagoscopy but seen and repaired at sur- 
gery. Overall, esophagoscopy had a sensitivity of 67%, 
specificity of 89%, and accuracy of 86%. 

Bronchoscopy was performed a total of 29 times. Of 
the nonsurgical-exploration-only patients, nine had neg- 
ative and two had questionably positive bronchoscopic 
exams. One had a small hematoma without mucosal 
damage, and one had submucosal edema with hema- 
toma. None of these patients had any delayed compli- 
cations. Of the patients with both nonsurgical and surgical 
exploration, using surgery as a standard yielded three true- 
positives, eight true-negatives, no false-positives, and seven 
false-negatives. One of the false-negatives was a tracheal 
laceration not seen at bronchoscopy because the endotra- 
cheal tube obscured the area of laceration, but this injury 
was also missed during exploratory surgery because the 
same tube prevented any bubbles from escaping during 
positive pressure ventilation. The other six false-negatives 
were all laryngeal or pharyngeal injuries including a lac- 
erated pyriform sinus, a perforated aryepiglottic fold, a 
false cord laceration, a lacerated vallecula, a true cord 
avulsion, and a lacerated pharynx. However, all these six 
injuries missed at bronchoscopy were found prior to sur- 
gery during laryngoscopy. Overall, bronchoscopy had a 
sensitivity of 30%, specificity of 100%, and accuracy 
of 61%. 

Laryngoscopy was performed a total of 29 times. Of 
the nonsurgical-exploration-only patients, two had neg- 
ative and two had positive laryngoscopic exams not re- 
quiring surgery. One had edema with hematoma but no 
mucosal laceration, and one had a posterior pharyngeal 
injury. None of these four patients had any delayed com- 
plication. Of the patients with both surgical and nonsur- 
gical exploration, using surgery as a standard yielded 11 
true-positives, 11 true-negatives, two false-positives, and 
one false-negative. The two false-positives included one 
examination that found edema and hemorrhage but only 
minimal mucosal disruption and one examination that 
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found blood in the pharynx without discernible mucosal 
damage. The false-negative was a laryngeal injury that 
was seen prior to surgery during bronchoscopy. In addi- 
tion, three of the true-negatives were read as negative even 
though edema with ecchymosis was noted at the time of 
the examination. Overall, laryngoscopy had a sensitivity 
of 92%, specificity of 85%, and accuracy of 88%. 

Except for one false-negative bronchoscopic exam in 
which the injury was also missed at surgery, in all of the 
false-negative bronchoscopic examinations the injury was 
found at laryngoscopy, and in the false negative laryn- 
goscopic exam the injury was found at bronchoscopy. 
When bronchoscopy and laryngoscopy were used together 
and the exam not considered negative unless both were 
negative, out of 12 patients who had both, using surgery 
as a gold standard yielded seven true positives, five true 
negatives, and no false positives or negatives. Overall, this 
combination had a sensitivity, specificity, and accuracy 
of 100%, 


Mortality 


Of the 213 patients in the study, 28 died as a result of 
their injuries, for a total mortality rate of 13%. Excluding 
the 17 patients who succumbed in the accident room, of 
the 196 patients who survived long enough to be admitted 
to the hospital, 11 patients died, for a mortality rate of 
5.6%. Finally, excluding three patients with high spinal 
cord transections on whom no therapy was indicated, eight 
patients died out of a total of 193, or 4.1%. 

Of the 17 patients who were not successfully resusci- 
tated, the cause of death was hemorrhagic shock in nine, 
high spinal cord transection and subsequent respiratory 
failure in six, and hemothorax in two. An additional three 
patients died from 4 to 46 days after admission from 
pneumonia and respiratory failure secondary to high 
spinal cord transection. Of the remaining eight deaths, 
two patients died during surgery from hemorrhagic shock, 
two died during surgery from myocardial infarction sec- 
ondary to hemorrhagic shock, one died from a contrecoup 
brain contusion, one died from anoxic brain damage sec- 
ondary to a transected trachea and respiratory arrest, one 
died of cerebral ischemic infarction secondary to a carotid 
artery bifurcation laceration, and one died of cerebral 
hemorrhagic infarction when a lacerated common carotid 
artery was surgically reanastomosed several hours postin- 


jury (Fig. 1). 


Morbidity 


Of the 57 patients evaluated with only nonsurgical pro- 
cedures, there were two complications, including a 10- 
day, postdischarge symptomatic anemia with a hematocrit 
of 22% and an unrelated femoral artery venous fistula 
from a second gunshot wound to the groin. 
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Of the 42 patients who had only surgical evaluation 
with a negative exploration, there were two complications, 
one an alpha-hemolytic streptococcal wound infection and 
the other an enterobacter wound infection. Of the 26 pa- 
tients who had both surgical and nonsurgical evaluation 
and a negative surgical exploration, there were two com- 
plications each involving atelectasis with a postoperative 
fever. l 

Of the 34 patients who had only surgical evaluation 
with a positive exploration, there were eight complica- 
tions, including an esophageal leak, an abscess, a chronic 
abscess, a nonhealing wound, three postoperative pneu- 
mothoraces requiring tube thoracostomy, and an unre- 
lated pneumonia secondary to a multiple gunshot wound 
to the back. Of the 34 patients who had both surgical and 


surgical evaluation and a positive surgical exploration, . 


there were two complications including a pseudomonal 
wound infection and an aspiration pneumonia. 


Length of Hospital Stay 


Of the 57 patients who underwent nonsurgical evalu- 
ation only, the average length of stay was 5.6 days. After 
correcting this value by eliminating three spinal cord in- 
jury patients and four patients with multiple serious in- 
juries, the average length of stay was 2.8 days. Of the 42 


patients who had surgical evaluation only and a negative. 
exploration, the average length of stay was 4.5 days. After _ 


correcting this value by eliminating two patients with 
multiple serious injuries, the average length of stay was 
4,2 days. Of the 34 patients who had surgical evaluation 
only and a positive exploration, the average length of stay 
was 15.8 days. After correcting this value by eliminating 
two spinal cord injury patients, two multiple serious in- 
juries, and a patient transferred to another hospital for 
psychiatric care, the average length of stay was 9.5 days. 
The average length of stay for all nine spinal cord injury 
patients was 85.4 days. 


Financial Cost of Treatment 


Using figures obtained from Tulane Medical Center, a | 


private hospital in New Orleans, if a patient were admitted 
through the emergency room, taken to. the operating 
room, surgically explored for 2 hours of operating time, 
and stayed in the hospital in a semiprivate room for 4.5 
days, the cost to the patient would be $3185. This rep- 
resents the cost of a negative surgical exploration. If the 
same patient were admitted through the emergency room, 
taken to the radiology suit where he underwent four-vessel 
cerebral arteriography, taken to the operating room where 
he underwent bronchoscopy, laryngoscopy, esophagos- 
copy, and stayed in the hospital 2.8 days, the net cost to 
the patient would be $3492. Arteriography accounts for 
$1140 and panendoscopy $677 of this total. This repre- 
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sents the cost of a negative nonsurgical exploration. Ob- 
viously, if a nonsurgical exploration was positive, the pa- 
tient would then undergọ and be charged for the subse- 
quent surgery. 


Discussion 


There is little disagreement among authors that unstable 
patients or those exhibiting “‘obvious” signs or symptoms 
of vascular or visceral damage must undergo surgery. As 
these data show, however, even these patients will undergo 
a certain number of negative surgical explorations: of 76. 
patients with a specific clinical indication for surgery, there 
were 23 negative surgical explorations (Fig. 2). The dis- 


agreement primarily occurs in the management of rela- 


tively asymptomatic patients or those with minor or non- 
specific signs and symptoms. Some authors maintain that 
certain carefully selected patients can be safely observed, 
while others advocate near-mandatory surgical explora- 


-tion of all wounds that penetrate the platysma. Each policy 


has both advantages and disadvantages, a discussion of 
which follows. | | 

Those authors that advocate a policy of passive obser- 
vation of selected patients base their selection in part on 
the presence or absence of certain signs and symptoms as 
an indication of injury. This study as well as a review of 
the literature, however, demonstrates the woeful inade- 
quacy of signs and symptoms as a predicting factor for 
the presence and degree of injury.2?°!*! The problem 
arises because sensitive signs often occur in the absence 
of injury, while specific signs occur only in a small total 
number of patients. In this study, far example, of 26 pa- 
tients in shock who underwent surgery, eight underwent 
negative explorations; and, while all five patients with air 
blowing from their wound had positive explorations, this 
number of patients represents only a small portion of the 
16 patients with tracheal or laryngeal injuries, let alone 
of the 68 patients with positive explorations (Table 1). 
Consistently, however, most authors who advocate ob- 
servation do so in part because of the presence or absence 
of various signs and symptoms.?"'°” 

There is also little argument regarding the serious mor- 
bidity and occasional mortality associated with missed 
vascular or visceral injury. Given this fact, it is surprising 
that a careful review of the authors advocating selective 
observation reveals several instances of patients who were 
passively observed subsequently developing major com- 
plications from missed injuries. Defore et al., in a review 
of 77 penetrating esophageal injuries, reported three pa- 
tients who were initially observed and subsequently re- 


` quired reoperation.”! Shirkey et al., in a review of 225 


penetrating wounds to the neck, of which 65 were ob- 
served, found two deaths secondary to missed esophageal 
injuries.” Sheely et al., in a study of 632 patients, found 
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three deaths from missed esophageal injuries in 125 ob- 
served patients.'? Stein and Seaward, in a study of 200 
penetrating neck wounds, of which 133 were passively 
observed, found one missed esophageal injury that sub- 
sequently had to undergo surgical decortication of a tho- 
racic empyema.’ Markey et al., in a study of 218 pene- 
trating wounds of the neck, of which 38 were observed, 
found six complications including an arteriovenous (AV) 
fistula.* Massac et al., in a study of 120 penetrating wounds 
of the neck, of which 59 were observed, found two patients 
needing subsequent reoperation including one for an AV 
fistula.’ Whether these complications were in part sec- 
ondary to undue reliance on signs and symptoms is a 
matter of conjecture. 

It is of paramount importance to avoid these compli- 
cations from missed injuries. This is the primary reason 
why most authors advocate mandatory surgica! explora- 
tion of all wounds deep enough to penetrate the platysma, 
as surgery 1s considered to be the most accurate method 
of diagnosing anatomical injury.” The cost of such a 
policy is, of course, a high rate of negative explorations. 
In this study, of 136 patients with surgical exploration, 
68 or 50% were negative. In those studies advocating 
mandatory surgical exploration, the rate of negative ex- 
ploration ranged from 27% to 63%.'® Nearly all studies 
advocating mandatory surgical exploration accept this 
high negative rate as being only rarely associated with 
significant morbidity and no mortality, especially when 
compared to the morbidity and mortality associated with 
a missed injury. In a theoretical sense, however, it rep- 
resents the number of patients who might have been 
spared the risks of unneccessary surgery if a reliable di- 
agnosis were possible without surgery. 

While low, this morbidity is by no means insignificant 
and deserves further comment. To assess this morbidity, 
many studies have compared the complication rate for 
surgical exploration versus observation. However, this 
must be done carefully, as it inherently suffers from two 
problems. One lies with the difficulty in distinguishing 
between morbidity and mortality associated with the sur- 
gical procedure versus the initial injury itself: the other 
lies in the fact that studies advocating selective observation 
have excluded from the observed group the most seriously 
injured patients as they undergo immediate surgery, lead- 
ing to a group of observed patients who are not nearly as 
severely injured as their surgically explored counterparts. 
This introduces a large amount of bias into the study, as 
it is only to be expected that a significant amount of mor- 
bidity and mortality will be associated with the degree of 
initial injury and not to the method of management. 

The only way to assess accurately the morbidity asso- 
ciated only with surgery is to examine those patients who 
underwent negative surgical explorations. Any resulting 
morbidity can then safely be ascribed to the surgery itself. 
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Of the 68 patients in this study with negative explorations, 
there were two wound infections, with significantly in- 
creased hospital stays of 10 and 18 days each. This is 
compared to an average of 4.5 days for all negative surgical 
explorations. Markey et al. found 12 minor complications 
in 69 patients with negative surgical explorations.” Jones 
et al. reported one wound infection in 103 patients with 
negative surgical explorations.’ Saletta et al. found one 
wound infection in 156 patients with negative explora- 
tions.® 

With regard to the second problem, unlike some other 
studies, the patients in this study with negative nonsurgical 
explorations had nearly the same number of serious pre- 
senting signs and symptoms suggestive of injury (0.49 per 
patient) as those patients who underwent negative surgical 
exploration (0.56 per patient). In addition, 17 patients 
underwent surgery only after positive findings on prior 
nonsurgical exploration. 

Another common complaint with some of the studies 
advocating selective observation is the very high percent- 
age of stab wounds versus gunshot wounds.”'? In this 
study, 40% were gunshot wounds, and the overall inci- 
dence of negative findings was similar for gunshot versus 
stabbing; gunshots were 45% surgically negative versus 
54% for stabbings. 

An acceptable alternative to this dilemma would be a 
method of accurately diagnosing the presence or absence 
of injury without increasing morbidity or mortality and 
without subjecting the majority of patients to surgery that 
in retrospect they would not have needed. A combination 
of arteriography and panendoscopy might provide just 
such a method. 

Of primary concern is the accuracy of nonsurgical ex- 
ploration versus surgery. In this study, arteriography was 
100% accurate, with no false-negative or false-positive 
findings. In a review of the literature, no instances of false- 
negative angiographic examination were found.!©!72425 
However, the literature cites many instances of arterial 
injury missed initially at surgical exploration, usually with 
major morbidity and occasional mortality. Massac et al. 
reported a patient who needed reoperation after neuro- 
logic deficit developed and a postoperative angiogram 
showed carotid artery laceration.'* Penn reported a patient 
who developed severe shock and massive hemothorax 5 
days after exploratory surgery failed to reveal a common 
carotid artery injury. This patient had two subsequent 
operations: a re-exploration and a clotted hemothorax 
decortication.* Saletta et al. found two patients who un- 
derwent re-exploration after missed arterial injuries.° 
Weaver et al., in a study of 221 patients, of whom 178 
were surgically explored, reported one patient who exsan- 
guinated from a missed carotid artery injury, one patient 
who died from a thrombosed carotid artery with no ap- 
parent external injury, and one with a missed innominate 
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artery injury that required reoperation.” Monson et al. 
reported a patient who developed progressing neurological 
signs after a negative surgical exploration and was found 
at arteriography to have an intimal disruption and 
thrombosis requiring reoperation.” 

While arteriography is not a benign procedure, in this 
study of 74 arteriograms, there were no complications 
associated with the procedure. The literature values for 
complications are low, and even these are somewhat ar- 
tificially elevated because of the prior poor medical con- 
dition of the patients. Hessel et al., in a study of 83,068 
transfemoral arteriograms, found a complication rate of 
1.73% and a death rate of 0.03%.*° Obviously, because of 
the very real risk to the trauma patient of acute decom- 
pensation during arteriography, only stable patients 
should be allowed the time necessary to perform the pro- 
cedure. McCormick and Burch estimated that the time 
spent in radiology for neck and extremity injuries was 
seldom more than 60 minutes.'’ Sankaran and Walt state 
that more than 90% of patients with neck wounds are in 
sufficiently satisfactory condition to undergo arteriogra- 
phy.” It seems clear that for those stable patients who 
can afford this time, arteriography is a more reliable 
method of diagnosing arterial injuries, especially for in- 
timal disruption or thrombosis. In addition to this reli- 
ability, a significant advantage of arteriography is that in 
the event of a positive finding, it is easier to plan the op- 
erative approach, either in anticipation of extending the 
incision into the thorax or in dealing with injuries at he 
base of the skull.°?7* 

Venography was only used twice, with negative results 
each time. There were no complications from missed di- 
agnoses in either. There were no reports in the literature 
detailing the use or accuracy of venography in cervical 
trauma, which is surprising given the high incidence of 
major venous injury, 23 internal and 12 external jugular 
vein injuries in this study. This may be due to the fact 
that initial hematoma formation after venous injury leads 
to hemostasis and consequently a high rate of false-neg- 
ative venography.”? Whether missed venous injuries result 
in morbidity or mortality has not been reported in the 
literature. 

When bronchoscopy and laryngoscopy were used to- 
gether, they were 100% accurate at diagnosing tracheal or 
laryngeal injuries. They were not as useful when used sin- 
gly, however, as was discussed above. In a study of 20 
penetrating tracheal injuries, Symbas et al. reported nine 
true-positive and no false-negative tracheoscopic exami- 
nations.*° Worth repeating is the fact that one of the pa- 
tients in this study had two reoperations as a result of a 
tracheal injury that was missed both at surgery and bron- 
choscopy because of interference from an endotracheal 
tube. As with other structures, surgery should not be con- 
sidered infallible either. Jones et al. reported two mortal- 
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ities from missed tracheal injuries, one of which they felt 
might have been prevented if bronchoscopy had been 
performed.” This study supports the fact that a combi- 
nation of bronchoscopy with laryngoscopy is a reliable 
method of nonsurgical diagnosis and, like arteriography, 
has distinct advantages in the event of subsequent surgery. 
Besides helping delineate the site and extent of injury, it 
also allows for the lavage and aspiration of blood or other 
fluids from the tracheobronchial tree.*?!** 

Probably no greater controversy exists regarding pen- 
etrating wounds of the neck than in the diagnosis and 
management of esophageal injuries. This is primarily re- 
lated to the tremendous morbidity and mortality asso- 
ciated with missed injury and subsequent sepsis as well 
as the problems associated with all forms of diagnosis: 
esophagogram, esophagoscopy, and surgery. In this study, 
esophagogram was 90% accurate, with one false-positive 
and one false-negative examination. The false-negative 
was diagnosed by esophagoscopy, whereas the false-pos- 
itive was due to aspiration and leakage from a tracheal 
perforation. This is significant in light of the current opin- 
ion regarding esophagography, that a negative examina- 
tion does not rule out injury, but a positive examination 
confirms it.” The literature values for accuracy of esoph- 
agograms are well documented and vary widely, with au- 
thors reporting false-negative rates averaging from 0% 
(nine positive out of nine performed on documented 
esophageal injuries) to 79% (three positive out of 
1 4),!728.21.23,33.34 One study found that all three deaths from 
esophageal wounds were secondary to undue reliance on 
negative esophagograms.”*? 

This study found esophagoscopy to be 86% accurate in 
the 22 times that it was performed with surgery as a con- 
trol. There were two false-positive and one-false negative 
examinations. The false-positive examinations involved 
blood or hematoma with no discrete lesion found either 
during esophagoscopy or surgery. The false-negative was 
a laceration found at surgery. Many authors advocate the 
use of esophagoscopy but provide no data regarding its 
accuracy. 183035 Of those who do, the literature values for 
accuracy of esophagoscopy also vary widely (Table 5). Of 
note is the general trend over the last 17 years toward 
more accurate esophagoscopy. This may in part be due 
to increased use of the flexible fiberoptic scope.” 

It deserves re-emphasis that, while surgery was used as 
a gold standard of comparison in this study, it by no means 
should be considered 100% accurate. Knightly et al. re- 
ported that one out of three esophageal injuries missed at 
surgery developed bilateral cervical abscesses requiring 
drainage.’ Weaver et al. reported two injuries missed at 
surgery out of 12 esophageal injuries, each requiring sec- 
ondary drainage.’ Spenler and Benfield. out of 11 esoph- 
ageal injuries, found that one missed at surgery required 
drainage.** Symbas et al. reported a patient whose esoph- 
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TABLE 5. Literature Values for Esophagoscopy 


Number of 
Number of Esophagoscopic Number of 


Author Esophageal Examinations Correct 
and Date Injuries Performed Diagnoses Accuracy 

Noon”? 

(1968) 26 2 0 0% 
Sheely*®? 

(1975) 39 5 2 40% 
Popovsky”” 

(1976) IÍ | l 1690% 
Spenler” 

(1976) 11 4 4 100% 
Defore?! 

(1977) 77 17 5 29% 
Merion” 

(1981) 5 E li 100% 
Cheadle” 

{1982)* 7 6 6 100% 
Ordog'® 

(1985) 7 14 15 100% 





* These are cervical esophageal injuries only. 


ageal perforation initially missed at surgery was seen at 
esophagoscopy. They felt that one possible reason for this 
and other missed injuries was due to the necessity of dis- 
secting the esophagus free from the mediastinal structures 
to see the injury or to observe air or methylene blue ex- 
travasating from the wound.” Cheadle and Richardson 
feel that esophagoscopy is especially warranted because 
blood staining of the cervical tissues from hematoma may 
conceal evidence of an esophageal injury at surgery.’ 

Like arteriography, esophagoscopy is not an entirely 
benign procedure, but the literature values for serious 
complications such as iatrogenic perforation are low and 
are usually associated with predisposing factors such as 
malignancy or strictures. Michel et al. reported a 0.04% 
iatrogenic perforation rate with 0.005% mortality, but only 
one of their eight patients had no predisposing factors. 
(These figures were interpolated from their combined data 
regarding esophagoscopy and esophageal dilatation.**) 
These figures can, if anything, be expected to decline with 
increased use of the flexible fiberoptic scope and its use 
by more experienced endoscopists.*? 

One caution when dealing with endoscopy is the pres- 
ence of edema, blood, or hematoma without specific mu- 
cosal laceration. One possible etiology for this type of in- 
jury is the somewhat “blunt” nature of penetrating 
trauma, especially of the low velocity gunshot wounds 
found in civilian practice. This occurred in two of 33 
esophagoscopic, two of 29 bronchoscopic, and six of 29 
laryngoscopic examinations. None of these findings was 
associated with positive surgical examination or, when 
surgery was not performed, with delayed complication 
from missed injury. The finding of hematoma without 
mucosal laceration was much more common in laryngeal 
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and tracheal rather than esophageal injuries. This may in 
part be due to the more rigid nature of these strictures 
and their propensity to contuse upon injury rather than 
simply be pushed out of the way. However, because of 
the disastrous complications associated with missed injury, 
special care must be taken to rule out mucosal perforation. 
Ordog et al. considered esophagoscopy to be positive with 
hematoma.'® Sheely et al. reported ten injuries to the 
esophagus involving the muscularis but not the mucosa 
that were treated as perforation out of concern that per- 
foration might occur or a diverticulum develop, though 
this concern was only speculative.*? 

In this study, nonsurgical exploration was associated 
with a significant reduction in length of stay, 2.8 days 
versus 4.5 days for a negative surgical exploration. Sev- 
eral authors have reported lengths of stay for surgical 
exploration ranging from 4.5 to 10 days, but these in- 
cluded positive explorations, and again the problem of 
separating original injury from surgery arises.?!!:!2!5 
This study closely agrees with others who have reported 
lengths of stay from 3 to 6.8 days for patients with nega- 
tive surgical exploration only.'**!’ Figures for patients 
who were observed vary widely, however, from 1.5 to 7 
days.'*7!!!!5.'7 Some authors even reported longer 
lengths of stay for observed patients than for negative sur- 
gical patients. +? 

Surgical exploration was associated with a slightly lower 
financial cost than was nonsurgical exploration: $3185 
versus $3492. This difference is actually underestimated, 
as those patients with positive nonsurgical findings must 
then undergo the cost of surgery. Only one author has 
published data detailing the cost of exploration of pene- 
trating neck wounds. Merion et al. reported the cost of 
surgery as being $1930, while nonsurgical exploration was 
$877." Not included in this figure, however, was the cost 
of endoscopy, which for the patients in this study would 
have been $677. 


Conclusion 


Although more studies need to be done, particularly 
regarding venography and esophagoscopy, the data in this 
study support the fact that, compared to mandatory sur- 
gical exploration, arteriography with panendoscopy rep- 
resents an equally safe and acceptable method of initial 
exploration for stable patients with penetrating wounds 
of the neck, While its accuracy is approximately equal to 
that of surgery, it is associated with a reduced rate of neg- 
ative surgical exploration, less accompanying morbidity, 
and a decreased length of hospital stay, although at a 
slightly higher financial cost. 
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Continuous-Wave Versus Range-Gated Pulsed 
Doppler Power Frequency Spectrum Analysis in 
the Detection of Carotid Arterial Occlusive Disease 





TIMOTHY R. S. HARWARD, M.D.“ 


Two types of ultrasonic Doppler velocity metering devices cur- 
rently used in the detection of extracranial carotid artery disease, 
the continuous-wave (CW) and the range-gated pulsed (RP) 
Doppler systems, were compared in the present study. Power 
frequency spectrum analysis (PFSA) was performed on 130 ca- 
rotid arterial bifurcations with a CW Doppler and 81 carotid 
arteries. with an RP Doppler system. All results were compared 
with angiographic findings. The frequency bandwidth at 50% 
peak power (fs), a quantitative index for defining spectral 
broadening, detected stenoses equal to or greater than 50% di- 
ameter reduction with 93% sensitivity, 92% specificity, and 92% 
accuracy with the CW system. With the RP Doppler, the same 
degree of stenosis was identified with 94% sensitivity, 93% 
specificity, and 93% accuracy. Compared with angiographic 
classification into 0-24%, 25-49%, and 50-99% diameter re- 
duction categories, CW Doppler PFSA and an 85% overall ac- 
curacy, and the RP Doppler overall accuracy was 86%. CW 
Doppler also correctly identified 15 of 16 internal carotid artery 
(ICA) occlusions; 8 of 8 ICA occlusions were correctly identified 
with the RP Doppler. Thus, both techniques, detected carotid 
artery disease with comparable results. For research and ease 
of operation, an RP Doppler system with a variable sampling 
volume appears to be most desirable. However, a standard CW 
system is superior if utility and cost-effectiveness are of prime 
importance. 


URRENTLY, TWO DIFFERENT ultrasonic Doppler 
velocity metering systems are used in the detec- 
tion of extracranial carotid artery disease: the 

continuous-wave (CW) and the range-gated pulsed (RP) 
Doppler system. Utilizing CW Doppler spectral analysis, 
Barnes et al.' demonstrated a 98% sensitivity for detecting 
hemodynamically significant lesions (greater than 50% 
stenosis). Similar results have been reported by Brown et 
al.? and Krause et al.? With the combined technique of 
ultrasonic imaging and RP Doppler spectrum analysis 
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(duplex scanning), Blackshear et al.* demonstrated 92% 
accuracy for detecting internal carotid artery lesions 
greater than 50% diameter reduction. This finding was 
subsequently confirmed by Fell et al.,> Doorly et al.,° and 
Matsumoto et al.’ 

‘In this report, two separate patient populations were 
examined utilizing power frequency spectrum analysis 
(PFSA) of Doppler shifted signals obtained from either a 
CW or RP Doppler system. Each individual patient study 
was compared with angiographic information, and a 
comparison was made between the findings with the two 
Doppler systems. 


Methods and Materials 


Two separate patient populations underwent direct 
noninvasive carotid arterial testing utilizing PFSA.? The 
first population (Group A) was investigated with a bi- 
directional CW Doppler velocity meter (Parks 906, Parks 
Electronics, Beaverton, OR), whose output was fed into 
a modified Spectraview 500 Analyzer (American Edwards 
Laboratories, Santa Ana, CA). The second population 
(Group B) underwent RP Doppler examination with an 
associated B-mode ultrasonic imager (Diasonics, Milpitas, 
CA). Both groups were examined by the same investigator. 
Each patient subsequently underwent standard aortic arch 
and selective carotid angiography. All disease sites were 
recorded and a per cent internal carotid artery diameter 
reduction calculated. 

The PFSA technique has been reported in detail? and 
will be described here briefly. The power (or amplitude) 
of the recorded. signal was plotted as a function of fre- 
quency. This is in contrast to the usual time domain spec- 
trum analysis in which frequencies are recorded as a func- 
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tion of time. In the CW Doppler system, the carotid ar- 
terial flow velocity signal was obtained using a 5.2 mHz 
probe. The audio output was fed into a modified spectrum 
analyzer (Spectraview 500). A 10 msec segment of the 
Doppler signal at peak systole was sampled. Peak systole 
was chosen for two reasons: (1) it is the moment at which 
turbulence develops at the earliest stage of stenosis, and 
(2) it is a reliable landmark that can be easily and quickly 
identified. Three to nine consecutive cardiac cycles were 
sampled. 

The information available in the 10 msec segment 
served as the basis for PFSA utilizing a preprogrammed 
Fast Fourier transform. The power (or amplitude) of the 
Doppler signal was plotted against the corresponding fre- 
quencies. The frequency with the highest amplitude re- 
ceived a 100% rating and subsequently each frequency 
composing the Doppler signal was given a percentage rat- 
ing according to its amplitude or power. This set of fre- 
quencies was displayed and printed as a power frequency 
spectrogram. 

With the patient in a relaxed, supine position, CW 
Doppler PFSA was performed, beginning | cm above the 
clavicle and progressing cephalad to the carotid bifurca- 
tion. The courses of the internal carotid (ICA) and external 
carotid (ECA) arteries were identified by their differing 
audio signals and subsequently followed cephalad to the 
angle of the mandible. At various positions along each 
artery, a power frequency spectrogram was produced. 

With the duplex system, an image of the carotid bifur- 
cation was obtained using a 7.5 mHz or 10.0 mHz B- 
mode ultrasonic probe, the choice of probe depending on 
the depth of the vessel under the skin. After locating the 
vessel, a pulse repetition frequency was chosen to position 
a 3.0 mHz pulsed Doppler signal in the center of the 
vessel lumen, with a monitored beam angle of approxi- 
mately 45-60°, to obtain an appropriate arterial flow ve- 
locity signal. Several representative tracings from an in- 
dividual arterial location were recorded, and PFSA was 
performed on a 20 msec section of peak systolic Doppler 
signals, as just described. Power frequency spectrograms 
were obtained systematically from the common carotid 
artery approximately | cm above the clavicle cephalad to 
just proximal to the bifurcation. Again, each branch vessel 
was identified on the basis of both its anatomic location 
and its different audio signal.’ Additional signals were an- 
alyzed at the location of any change in the audio signal 
or ultrasonic image implying a possible site of disease. 

Power frequency spectrograms from both techniques 
were analyzed for peak frequency (fmax) and frequency 
bandwidth at 50% of peak power (fss,), variables that are 
considered to represent a quantitative expression of spec- 
tral broadening.’ Both variables were compared with cor- 
responding angiographic findings to determine their ef- 
fectiveness in identifying carotid pathology. 
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TABLE 1. Angiographic Classification of Carotid Stenosis 
in Patients Undergoing Noninvasive Testing with CW or 
Pulsed Doppler Instruments 





Degree of Stenosis (% Diameter) 


Doppler Type 0-10 10-24 25-49 50-74 75-99 100 


Group A 

Continuous wave 33 6 34 23 19 16 
Group B 

Range-gated pulsed 29 13 13 8 10 8 


hrith inter 


From January 1983 to September 1983, 130 carotid 
arterial systems from 66 patients underwent CW Doppler 
PFSA and multiplanar carotid angiography (Group A). 
From October 1983 to March 1984, 81 carotid arterial 
systems from 41 patients underwent RP Doppler PFSA 
and multiplanar carotid angiography (Group B). 


Results 


Angiographically, the internal carotid arteries from 
Group A CW Doppler exhibited minor wall irregularities 
or stenoses of less than 10% in 33 vessels, six arteries were 
10-24% stenotic, 34 arteries were 25-49% stenotic, and 
42 vessels exhibited hemodynamically significant stenoses: 
23 arteries were 50-74% and 19 arteries 75-99% stenotic. 
In addition, 16 internal carotid arteries were totally oc- 
cluded (Table 1). In Group B, (RP Doppler), 29 arteries 
exhibited minor wall irregularities or stenoses less than 
10%, 13 were 10-24% stenotic, and 13 arteries exhibited 
25-49% diameter reduction. Twenty-six vessels contained 
flow-reducing stenoses (8 arteries were 50-74% and 10 
arteries were 75-99% stenotic), while eight internal carotid 
arteries were occluded. 


50% FREQUENCY BANDWIDTH {hz} 
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Fic. 1. Frequency bandwidth at 50% peak power calculated from con- 
tinuous-wave Doppler power frequency spectrum analysis compared with 
angiographically determined per cent diameter reduction (r = 0.723). 
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FIG. 2. Frequency bandwidth at 50% peak power calculated from range- 
gated pulsed Doppler power frequency spectrum analysis compared with 
angiographically determined per cent diameter reduction (r = 0.942). 


The fso% of each internal carotid artery signal was com- 
pared with the angiographically determined per cent di- 
ameter reduction for each technique, as seen in Figures 
1 and 2. Each correlation exhibited a linear relationship. 
Using the CW Doppler, the correlation coefficient was 
0.723, while with an RP Doppler the correlation coeffi- 
cient was 0.942. 

A similar comparison was made between angiographic 
results and the fmax of each ICA velocity signal generated 
by the two respective techniques (Figs. 3 and 4). Again, 
linear relationships were found to exist. With the CW 
Doppler, the correlation coefficient was 0.854, and with 
the RP Doppler it was 0.889. 

Optimal threshold fso values to best differentiate the 
presence or absence of disease at various levels of disease 
severity were determined by preparing receiver operator 
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FiG, 3. Continuous-wave Doppler peak frequency compared with an- 
giographically determined per cent diameter reduction (r = 0.854). 
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Fic. 4. Range-gated pulse Doppler peak frequency compared with an- 
giographically determined per cent diameter reduction (r = 0.889). 


characteristic curves for each Doppler technique.” Di- 
ameter reductions of 10, 25, and 50% were chosen as the 
level of angiographically determined disease to be used as 
cutoffs for the presence of significant disease. With the 
CW Doppler, the optimal threshold fso values to differ- 
entiate lesions at 10, 25, or 50% stenosis were 1600, 1800, 
and 3200 Hz, respectively. Using an fso value of 1600 
Hz or more to predict 10% stenosis, the test was 94% 
sensitive, 91% specific, and 93% accurate. Table 2 docu- 
ments the precision of the method at other degrees of 
stenosis. With an RP Doppler, an fso value of more than 
350 Hz predicted 10% stenosis with 98% sensitivity, 98% 
specificity, and 98% accuracy. Similar results were ob- 
tained at other levels of stenosis (Table 3). 

These criteria for each technique were grouped to eval- 
uate further their ability to predict carotid arterial disease. 
With the CW Doppler, fso» bandwidths less than 1800 
Hz were used to predict less than 25% diameter reduction, 
while 1800 to 3200 Hz were considered to represent 25- 
49% stenosis, and greater than 3200 Hz was classified as 
atleast a 50% diameter reduction. The absence of an ICA 
signal was considered to represent a total occlusion (Table 
4). In all, among the possible 130 vessels examined, there 
were 111 correct classifications for an 85.4% accuracy. 
There were 10 underestimated stenoses (relative false- 
negatives), and 9 stenoses were overestimated (relative 
false-positives). One ICA occlusion was misdiagnosed 
when an ECA branch was misinterpreted as the ICA. 

With the RP Doppler, fsoq, bandwidths less than 1200 
Hz were classified as indicating less than 25% diameter 
reduction, while 1209-1750 Hz represented 25-49% ste- 
nosis and greater than 1750 Hz predicted greater than 
50% diameter reduction. Again, the absence of an ICA 
signal was felt to represent 100% occlusion (Table 5). In 
all, among the 81 vessels examined, there were 70 correct 
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TABLE 2. Comparison of Continuous-Wave Doppler Power Frequency Spectrum Analysis Bandwidth at 
50% of Peak Frequency (fsox) with Carotid Stenosis by Angiography 
Positive . Negative 
Angiographic Stenosis fon Sensitivity Specifictty Acciiracy Predictive Value Predictive Value 
(% Diameter) Criterion (%) (%) (%) (%) (%) 
10% i600 Hz 93.8 90.6 92.9 96.2 85.3 
25% 1800 Hz . 92.0 94.7 92.9 97.2 85.7 
50% 3200 Hz 92.9 91.6 92.0 86.7 95.6 


predictions for an 86.4% accuracy. Five stenoses were un- 
derestimated, and six stenosés were overestimated, mostly 
in the 25-49% diameter reduction category. Also, one 
severe ICA stenosis (95%) was misdiagnosed as an ICA 
occlusion. 

Similar selection methods were utilized to obtain the 
optimal threshold peak frequency cutoff values from the 
two respective Doppler techniques. Neither technique 


provided an acceptable value for the 10% diameter re- 


duction category because of the overlap between f,,,, val- 
ues from arteries with less than 10% stenosis and those 
with 10-49% stenosis. Utilizing the CW Doppler, peak 
frequencies found to best classify disease into the cate- 
gories of greater or less than 25% and 50% stenosis were 
3600 and 4500 Hz, respectively. The former fma, was 95% 
sensitive, 82% specific, and 90% accurate, while the latter 
fmax Value was 98% sensitive, 78% specific and 85% ac- 
curate (Table 6). With the RP Doppler, peak frequencies 
of 2500 and 3000 Hz were best able to classify arteries 
into categories of greater or less than 25% and 50% ste- 
nosis, respectively. An fma; value greater than 2500 Hz 
predicted greater than 25% diameter reduction with 77% 
sensitivity, 92% specificity, and 87% accuracy. For the 
angiographic finding of 50% stenosis, the fmax value of 
3000 Hz was 89% sensitive, 92% specific, and 92% ac- 
curate (Table 7). 

Finally, 15 internal carotid arteries were classified cor- 
rectly as totally occluded by both CW Doppler criteria 
and angiography. However, CW Doppler falsely predicted 
one ICA occlusion, since the vessel was only 35% stenotic, 
and one ICA occlusion was missed noninvasively, when 
an ECA branch was misinterpreted as a normal ICA. With 
the RP Doppler, eight ICA occlusions were classified cor- 
rectly. However, one additional ICA considered occluded 


by RP Doppler was found to possess a high bifurcation 
with a 95% stenosis at the origin of the ICA. A patent 
lumen was neither visualized ultrasonically nor insonated 
with the Doppler sample volume. Also, only five of the 
original eight ICA occlusions would have been positively 
diagnosed by ultrasonic imaging alone. The image was 
normal in one case and was difficult to interpret in two 
others, because of nonhomogeneous plaques and arterial 
wall calcification with resultant acoustic shadowing. 


Discussion 
The detection of carotid arterial occlusive disease by 


direct noninvasive vascular techniques has. become an 


important factor in the clinical management of cerebro- 
vascular disease. Initially, only an audible interpretation 
of continuous wave bidirectional Doppler signals was 
available.'! In an effort to quantitate the results, a fré- 
quency versus time gray-scale spectral analysis of the CW 
Doppler signals was developed. With this technique, 
Barnes et al. demonstrated a 98% sensitivity for detecting 
hemodynamically significant (50%) lesions.' Similar find- 
ings were reported by Brown et al., who identified 25% 
ICA stenosis with 91% sensitivity and 92% specificity. Re- 
cently, Krause et al.° performed PFSA to analyze carotid 
CW Doppler velocity signals. With the frequency band- 
width at 50% peak amplitude (fso), a quantitative index 
of spectral broadening, all degrees of ICA pathology were 
identified with 91% accuracy. For hemodynamically sig- 
nificant lesions, their sensitivity was 100%. With subjective 
grading of spectral broadening, Brown et al.* demonstrated 
similar results. 

Recently, ultrasonic imaging and associated RP Dopp- 
ler spectrum analysis have been combined in the duplex 


TABLE 3. Comparison of Range-Gated Pulsed Doppler Power Frequency Spectrum Analysis Bandwidth at 


50% of Peak Frequency {fsoy) with Carotid Stenosis by Angiography 


Positive Negative 
Angiography Stenosis fso% Sensitivity Specificity Accuracy Predictive Value Predictive Value 
(% Diameter) Criterion (%) (%) (%) (%) (%) 
10% 350 Hz 97.7 97.5 97.6 97.7 97.5 
25% 1200 Hz 80.7 98.1 91.7 96.2 90.0 
50% 1750 Hz 94.4 93.9 94.0 81.0 98.4 
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TABLE 4. Classification of Degrees of Carotid Stenosis with CW 
Doppler Bandwidth at 50% Peak Frequency (foa) 
Compared with Angiography 

CW Doppler PFSA fso (Hz) 


Angiographic No 


Stenosis Audible 
(% Diameter) 1800 1800-3200 3200 Doppler Total 
0-24 36 3 39 
25-49 6 21 6 33 
50-99 3 39 42 
100 15 16 
Total 42 28 45 15 130 





scanner. Blackshear et al.* demonstrated this technique 
to be 92% accurate for detecting lesions with 50% diameter 
reduction, and their findings were supported by Fell et 
al.,* Doorley et al.,° and Russell et al.'* However, using 
subjective means of evaluating spectral broadening, these 
investigators had difficulty detecting the hemodynamically 
insignificant lesions that were less than 50% stenotic. 
Sheldon et al." utilized the ratio of maximum to mean 
frequency at peak systole obtained from PFSA data to 
quantitate changes in spectral broadening and correctly 
identified all stenoses greater than 40% and all normal 
arteries (less than 20%). For 25% stenoses, their technique 
was 90% sensitive, 95% specific, and 95% accurate. 

Doppler spectrum analysis has become the best avail- 
able method for noninvasively diagnosing carotid arterial 
occlusive disease. The accuracy of most present techniques 
is based on peak frequency measurements and a subjective 
evaluation of spectral broadening. Peak frequency values 
(fmax) have been thoroughly analyzed and increase steadily 
with increasing severity of disease once a 50% diameter 
reduction level is reached. However, the sensitivity, speci- 
ficity, and accuracy of peak frequency measurements de- 
crease for less severe lesions. As seen in Figures 3 and 4, 
this deficiency is due to the overlapping values obtained 
from arteries with less disease. 

Spectral broadening, a measure of flow disturbance and 
turbulence, proportionally parallels the increase in disease 
severity.***!* Recent reports suggest that the frequency 
bandwidth at fsos, is a quantitative measure of spectral 
broadening, which is found by performing PFSA on CW 
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TABLE 5. Classification of Degrees of Carotid Stenosis with 
Range-Gated Pulsed Doppler Bandwidth at 50% Peak 
Frequency (fsoz,) Compared with Angiography 


RP Doppler PFSA feos, (Hz) 


Angiographic No 
Stenosis Audible 
(% Diameter) 1200 1200-1750 1750 Doppler Total 
0-24 14 I 42 
25-49 5 4 4 13 
50-99 17 l 18 
100 8 8 
Total 46 5 21 9 gI 





or RP Doppler frequency shift tracings.>* This index pro- 
vides information comparable to peak frequency data for 
stenotic lesions greater than 50% and also categorizes le- 
sions less than 50% with greater than 90% accuracy. 

When considering which method is more accurate in 
identifying carotid arterial disease, variables other than 
the test technique appear significant. The most prominent 
variable is the examiner, who can unintentionally bias 
the results and make one technique appear superior to 
another. To avoid this hazard, a single observer, blinded 
from each patient’s angiographic findings, performed all 
of the examinations during the 15 months of this study. 

The results of this study, utilizing PFSA to analyze CW 
and RP Doppler information, suggest that there is little 
difference in the ability of the two techniques to diagnose 
and categorize carotid arterial occlusive disease accurately. 
However, with fso% analysis, the RP Doppler system was 
1-3% better than the CW Doppler in all but one category 
of disease. When peak frequency analyses were compared, 
the CW Doppler was much more sensitive, while the RP 
Doppler was more specific. 

Both methods predicted arterial occlusions with similar 
accuracy, although the duplex scanner, with its simulta- 
neous Doppler and imaging capabilities, made this task 
easier. Still, over 90% of ICA occlusions were correctly 
diagnosed with the CW Doppler. Both techniques can err 
in the diagnosis of complete occlusion. With the CW 
Doppler, ECA branches may be mistaken for a normal 
ICA, while, using the RP Doppler system, a very tight 
stenosis can be misdiagnosed as an occlusion because the 


TABLE 6. Identification of Carotid Stenosis by Continuous- Wave Doppler Power Frequency Spectrum Analysis 
Peak Frequency (fmax) Compared with Angiography 





Positive Negative 
Angiographic Stenosis nak Sensitivity Specificity Accuracy Predictive Value Predictive Value 
(% Diameter) (+) Criterion (%) (%) (%) (%) (%) 
25% 3600 Hz 94.7 81.6 90.3 91.0 $8.6 
50% 4500 Hz 97.6 TES 85.0 71.9 98.2 
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TABLE 7. Identification of Carotid Stenosis by Range-Gated Pulsed Doppler Power Frequency Spectrum Analysis 
Peak Frequency (fmax) Compared with Angiography 
ae Positive Negative 
Angiographic Stenosis frai Sensitivity Specificity Accuracy Predictive Value Predictive Value 
(% Diameter) (+) Criterion (%) (%) (%) r (%) (%) 
25% 2400 Hz 71.4 92.3 86.6 85.7 87.0 
50% 3000 Hz 88.9 92.2. 91.5 76.2 96.7 





small Dapo sample volume may not identify the patent 
but minute vessel lumen. Both problems are equally se- 
rious, but infrequent. 

The only major difference between the two Doppler 
methods studied was seen when angiographically deter- 
mined stenosis was compared to the 50% frequency 
bandwidth. Linear regression analysis showed both tech- 
niques to possess a linear relationship; however, the cor- 
relation coefficient for the RP Doppler method was better 
than that for the CW Doppler (i.e., RP Doppler predic- 
tions fell closer to the best fit line than those from the CW 
Doppler): This difference suggested a linear progression 
of stenosis in individual patients examined serially with 
the RP Doppler, while the CW Doppler suggested more 
erratic progression. 

From this study, neither technique appears clearly su- 
perior. However, each method has its advantages and dis- 
advantages, which have to be considered from the view- 
point of a particular type of application. 

The continuous train of impulses encompassing ii 
whole vessel diameter facilitates the search for the vessel 
and especially for the search for a very narrow and isolated 
stenosis. The continuous mode of operation, however, 
sometimes makes it more difficult to separate the desired 
signal from that originating from an adjacent vessel, The 
CW systems are generally much less expensive than the 
RP Doppler duplex systems. 

The small sampling volume of the RP pulsed Doppler 
makes it possible to easily separate signals from other 
Doppler shifting sources and to analyze the velocity profile 
in the examined vessel by changing the gating of the signal. 
Both contribute to the increased accuracy of the mea- 
surement. On the other hand, the small sampling volume 
may make it difficult to locate an isolated stenosis without 
additional help from an imager. The usual combination 
of an RP Doppler with an imaging system is therefore 
highly advantageous. 


Thus, either an RP Doppler system with a widely vari- 
able sampling volume or a combination of an (inter- 
switchable) CW and RP Doppler system would be a most 
effective diagnostic tool for the carotid area. 
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There is a high incidence of paraplegia associated with thoracic 
aortic cross-clamping, even when cardiopulmonary bypass or 
shunts are used. In 56 adult baboons, spinal cord blood flow 
(SCBF ), vascular anatomy, and paraplegia rates were evaluated. 
Tissue blood flow was measured by radioactive microspheres. 
Various procedures were used to increase SCBF and to prevent 
ischemia-reperfusion injury. It was found that the rate of para- 
plegia was inversely correlated with neural tissue ischemia 
(SCBF) and directly correlated with reperfusion hyperemia. Two 
methods completely prevented paraplegia. These two methods 
were a thoracic shunt with occlusion of the infrarenal aorta or 
cerebrospinal fluid drainage plus intrathecal papaverine injection, 
both of which were associated with an increased SCBF. Fur- 
thermore, papaverine dilated the anterior spinal artery (ASA) 
(p = 0.007) and increased the blood flow through the lower ASA. 
Whereas procedures utilizing a calcium channel blocker (flu- 
narizine), allopurinol, superoxide dismutase (SOD), laminectomy 
alone, and a thoracoabdominal shunt not perfusing the arteria 
radicularis magna (ARM) all failed to prevent paraplegia, al- 
lopurinol (p = 0.026) and SOD (p = 0.004) did prevent gastric 
stress lesions, indicating that their failure to prevent paraplegia 
was not due to a lack of activity. Of great clinical interest is that, 
if a shunt is used and the ARM is perfused, infrarenal sortic 
cross-clamping increases SCBF, thus preventing paraplegia. In- 
trathecal application of papaverine proved to be even more ef- 
fective in increasing SCBF and also completely prevented para- 
plegia. As this is a safer procedure than the insertion of shunts, 
this is the method of choice for the prevention of paraplegia 
associated with thoracic aortic cross-clamping. The preliminary 
trial using intrathecal papaverine in human beings has thus far 
shown no adverse side effects from the drug, and no paraplegia 
has occurred. 


ARAPLEGIA is prone to occur with thoracic aortic 
cross-clamping. One of the most effective methods 
of maintaining distal perfusion to the spinal cord 
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is by an aortic shunt or cardiopulmonary bypass.! We 
have previously studied the relationship between spinal 
cord blood flow (SCBF) and vascular anatomy during 
thoracic aortic cross-clamping in baboons with thoracic 
aortic-aortic shunts to prevent paraplegia? The shunt re- 
duced the incidence of paraplegia but did not completely 
prevent paraplegia. The incidence of paraplegia in humans 
with a shunt has been reported to be as high as 17%? and 
carries a high mortality risk.'47 In our baboon studies, 
we found that a shunt perfusing the arteria radicularis 
magna (ARM) increased lumbar SCBF but failed to in- 
crease lower thoracic SCBF above the site of entry of the 
ARM into the anterior spinal artery (ASA).? The reason 
for this is that the ASA is considerably smaller above than 
below the site of entry of the ARM, both in baboons and 
in humans. The resistance to blood flow along the ASA 
to the lower thoracic spinal cord is calculated to be 51.7 
times greater; thus, blood flow will be preferentially chan- 
neled down to the lumbar spinal cord.2"8 

At the cellular level, neural tissue injury is caused by 
ischemia or by ischemia-reperfusion. This injury occurs 
as a result of a complex series of reactions and may be 
mediated by the excessive influx of calcium ions or by 
superoxide radicals. 

The aim of this study was to test the following proce- 
dures and agents in preventing paraplegia resulting from 
neural tissue injury during aortic cross-clamping by: 


I. Increasing spinal cord blood flow during ischemia with 
a. An aortic-aortic shunt with occlusion of the abdom- 


aver 
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inal aorta to force more blood into the ARM. To test the 
importance of the ARM to SCBF, (in a separate group) 
blood was shunted to the abdominal aorta with exclusion 
of blood flow to the ARM; 

b. Draining cerebrospinal fluid (CSF), to decrease the 
resistance of SCBF; and 

c. Pharmacologically dilating and anterior spinal artery 
to increase SCBF to the lower thoracic and lumbar spinal 
cord, because, in our initial study,’ we found that para- 
plegia did not occur with aortic cross-clamping ifthe ASA 
was large. 


2. Biochemically 

a. Preventing calcium influx during ischemia with a 
calcium channel entry blocker (flunarizine); and 

b. Preventing superoxide mediated reperfusion injury 
by the use of allopurinol or superoxide dismutase (SOD). 


The influence of these factors on paraplegia, SCBF, and 
spinal cord anatomy was evaluated. 


Methods 


The methods used are similar to those previously de- 
scribed,” with the following modifications. 

Fifty-six adult Chacman baboons of 13.2 to 27.2 kg 
body weight were immobilized by ketamine (3-4 mg/kg 
intramuscular injection) and general anesthesia was 
maintained by a continuous infusion of sodium thiopen- 
tone (Intraval Sodium, May & Baker, Port Elizabeth, 
South Africa) at a rate of 5 mg/min using a Harvard pump 
(Model 944A, Millis, MA). The animals were ventilated 
with a respirator (Harvard Model 607) via an inflatable, 
cuffed, endotracheal tube at a tidal volume of 10 ml/kg. 

The animals were anticoagulated with 3000 to 4000 
IU of heparin, with larger animals receiving an additional 
1500 IU on aortic cross-clamping. Blood that accumulated 
in the left pleural cavity during surgery was collected and 
reinfused. 

Cardiac electrical activity was monitored (Standard lead 
II) on a Beckman Oscilloscope (Type EO-118) and re- 
corded on an eight-channel Beckman Dynograph (Type 
R411, with a 9806A AC coupler and Beckman 5411 Chart 
Drive, Beckman Instruments, Schiller Park, IL). 

The following polyethylene catheters were placed via 
the femoral and brachial vessels (Figs. 1 and 2): arch of 
the aorta, distal abdominal aorta, and right atrium. Car- 
diac output was measured with a Swan—Ganz thermo- 
dilution catheter (1.5 ml, 93A-131-7F) inserted under 
X-ray control (Siremobil 2S, Siemens, Kemnath, Ger- 
many). In the thoracic shunt group with the infrarenal 
abdominal aorta snared (Fig. 1), a catheter was placed 
through the snare in addition to the catheter below the 
snare. Strain-gauge transducers (Gould P231D, P23Gb, 
P23AA, P23BB, Stratham Co., Hato Rey, Puerto Rico) 


PREVENTION OF PARAPLEGIA 


39 


L.V. Pressure 


Proximal aortic pressure 







Thoracic aortic-aortic shunt 


Vascular EM flow meter 





Swan-Ganz 


Distal Supra-renal 


RA aortic pressures 


pressure 


Fic. 1. Thoracic aortic-aortic shunt with infrarenal aorta snared. R.A. 
= right atrial venous pressure catheter. L.V. = left ventricular pressure 
catheter. ARM = arteria radicularis magna. EM = electromagnetic flow 
meter. LA = left atrial catheter. 


were connected to the catheters. A Beckman recorder with 
Type 9803 strain gauge couplers was used for recording 
the pressures. 

Two left lateral thoracotomies were performed through 
the fourth and eighth intercostal spaces providing access 
to the proximal and distal descending thoracic aorta and 
to the left atrium. Either a Millar Mikro-tip pressure 
transducer catheter (Millar Instruments Inc., Houston, 
TX) or a pigtailed catheter was guided under X-ray control 
via the left brachial artery into the left ventricle. The rate 
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Fic. 2. Thoracoabdominal aortic-aortic shunt. R.A. = nght atrial venous 
pressure catheter. L.V.: = left ventricular pressure catheter. ARM = ar- 
teria radicularis magna. EM = electromagnetic flow meter. LA = left 
atrial catheter. 
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FIG. 3. Time sequence of experiments. AX = aorta cross-clamped alone 
group. AL = allopurinol group. SOD = superoxide dismutase group. L 
= laminectomy group. LP = laminectomy and papaverine group. IP 
= lumbar puncture and intrathecal papaverine group. F = flunarizine 
group. SH+S = thoracic shunt plus abdominal snare group. AS = thor- 
acoabdominal shunt group. XC = aorta cross-clamped. 


of pressure change over the first time derivative (dP/dT 
derivative) was determined by a Beckman Type 9841 
nystagmus velocity coupler and recorded on the Beckman 
dynograph. A soft, polyethylene catheter for the injection 
of the microspheres was placed into the left atrium through 
the left auricle and ligated in place with a purse string 
suture. 
The experimental groups consisted of: 


1. Aorta cross-clamped group (AX): Ten animals un- 
derwent thoracotomy and aortic cross-clamping. The 
aorta was cross-clamped for 60 minutes both immediately 
beyond the left subclavian artery and above the dia- 
phragm. The occluded segment of aorta was not opened. 
The distal aorta was not perfused. In five animals, blood 
‘low studies with radioactive microspheres were done: after 
the thoracotomy but prior to aortic cross-clamping, 30 
minutes after cross-clamping, 60 minutes after cross- 
clamping, and after the aorta had been unclamped for 30 
minutes (Fig. 3). In the remaining five animals, the pro- 
cedure was identical but no microspheres were injected. 

2. Shunt plus snare group (SH+S) (Figs. 1 and 3): Six 
baboons underwent cross-clamping immediately distal to 
the left subclavian artery and above the diaphragm as 
described in Group AX, but, in addition, a 7 mm internal 
diameter shunt was connected between “T” pieces in- 
serted into the aorta at the left subclavian artery and im- 
mediately above the diaphragm. The T pieces were ligated 
in place by encircling the aorta with silk ties. The abdomen 
was opened and a snare placed around the aorta between 
the renal and inferior mesenteric arteries. The snare was 
tightened once the shunt was opened. Flow through the 
shunt was measured by a 16 mm Narcomatic electro- 
magnetic flow meter probe (Narc Bio-Systems Inc., 
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Houston, TX) situated on a separate piece of homoge- 
neous ascending aorta in series with the shunt. The shunt 
was open for 60 minutes whereupon it was clamped, the 
aorta unclamped, and the snare released. Blood flow 
studies were carried out: prior to cross-clamping, within 
the period of cross-clamping, after 60 minutes of shunting, 
and 30 minutes after unclamping the aorta. 

3. Abdominal shunt (AS) (Figs. 2 and 3): The operative 
procedure was similar to SH+S but the shunt was inserted 
between the renal and inferior mesenteric arteries, with 
an aortic clamp above the renal arteries. The ARM arose 
from the nonperfused occluded segment of the aorta. 

4. Laminectomy group (L): In this group, after the 
thoracotomies had been performed, a laminectomy was 
done at the level of L4~L5. CSF was allowed to escape 
freely throughout the experiment, while the incision was 
covered by a swab soaked in normal saline. The basal 
blood flow study was performed prior to laminectomy 
followed by another blood flow study 10 minutes after 
the CSF was drained. The thoracic aorta was cross- 
clamped for 60 minutes as in AX. The third blood flow 
study was performed immediately before aortic unclamp- 
ing and the fourth 30 minutes after the aorta was un- 
clamped (Fig. 3). 

5. Laminectomy plus papaverine group (L+P): The 
procedure was identical to that of L, but in addition a 
21G Secalon T (Viggo, Helsingborg, Sweden) catheter was 
inserted 15 cm within the spinal cord theca. The catheter 
lay anterior to the spinal cord in the region of the ARM. 
Thirty milligrams of papaverine HCL in | ml were in- 
jected through the catheter 10 minutes prior to aortic 
cross-clamping (Fig. 3). The second blood flow study was 
carried out immediately before aortic cross-clamping. 

6. Intrathecal papaverine group (IP): The course of the 
experiments was as in L, but, instead of a laminectomy, 
a lumbar puncture was performed at L4 or L5 with a Kifa 
needle (Kifa AB, Sweden) and stylet. The stylet was with- 
drawn and a 4FG cardiovascular catheter with six side 
holes (Universal Medical Instrument Corp, Balliston Spa, 
NY) was advanced 20 cm from the skin into the intrathe- 
cal space. CSF was then withdrawn until no further fluid 
could be aspirated. Thirty milligrams of papaverine were 
injected 10 minutes before aortic cross-clamping. Fluid 
was allowed to drain freely from the catheter into a mea- 
suring cylinder before and during aortic cross-clamping. 
The second blood flow study was done immediately before 
cross-clamping (Fig. 3). 

7. Flunarizine group (F): The operative procedure was 
as in AX; however, 0.2 mg/kg of flunarizine (Janssen 
Pharmaceutica, Beerse, Belgium) was administered IV 10 
minutes before aortic cross-clamping followed by a second 
dose 30 minutes after aortic cross-clamping (Fig. 3). The 
second blood flow study was done immediately before 
aortic cross-clamping and after the first dose of flunarizine 
had been administered. 
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8. Allopurinol group (AL): The procedure was identical 
to AX with the exception that the baboons received a 
daily oral dose of 30 mg/kg of allopurinol for 3 days prior 
to surgery. 

9. Superoxide dismutase group (SOD): In this group 
the procedure was identical to AL, including the use of 
allopurinol, but, in addition, 5 minutes before unclamping 
the aorta, 25 mg/kg of bovine Cu-Zn SOD (minimal ac- 
tivity of 3000 U/mg, Pharmacia, Uppsala, Sweden) was 
injected into the left atrium. A further dose of 25 mg/kg 
was administered immediately on removal! of the aortic 
clamps. 


Measurements 


Cardiac output measurements were performed after 
thoracotomy: after the maneuvers described above, before 
aortic cross-clamping, 5, 30, and 60 minutes after cross- 
clamping the aorta, and 5 and 30 minutes after unclamp- 
ing the aorta. In addition, animals with aortic-aortic shunts 
in situ had their cardiac outputs measured at 5, 30, 45, 
and 60 minutes after the shunt was opened. 

Tissue blood flow in the capillary bed was determined 
by means of 15 micron radioactive microspheres labeled 
with 51Cr, 141Ce, 46Sc, and 103Ru (New England Nu- 
clear, Boston, MA). Approximately 1 to 2 million spheres 
in dextran 70 were mixed, using an MSE 5-78 Sonicator 
(MSE, Crawley, West Sussex, UK), and immediately in- 
jected into the left atrium at body temperature over a 10 
second interval. Arterial reference samples were with- 
drawn (Harvard infusion-withdrawal pump Model 944A) 
from the proximal aorta at a constant rate of 12 ml/min 
for a period of 80 seconds starting 5 seconds prior to the 
microsphere injections. The withdrawn blood was weighed 
and the volume calculated (weight X 1.04). 


Test for Paraplegia 


At the end of the experiments, a craniotomy was per- 
formed. The precentral motor cortex was stimulated with 
a platinum electrode connected to a Dual Stimulator Type 
3060A (Devices Inc., Guernsey, Channel Isles, UK), and 
peripheral motor responses in the legs were noted. The 
motor responses were confirmed by electrical stimulation 
of the midbrain long tracts with a Model 755 blended 
coagulator (Bircteler, El Monte, CA). 

The baboons were then killed with a 50 ml intravenous 
bolus of saturated potassium chloride. The distal abdom- 
inal aorta catheter was advanced into the descending aorta 
and ligated in place with a silk tie around the aorta. The 
descending thoracic aorta was occluded at the isthmus by 
a vascular clamp. One hundred milliliters of a mixture of 
liquid detergent soap, methylene blue, water, and micro- 
fined barium sulphate with carbon dioxide (Baritop, Nor- 
istan Group, Pretoria, South Africa) was then injected 
into the occluded segment over a 5 minute interval by 
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gentle hand pressure on a 60 ml syringe. The spinal cord 
was then carefully removed by an anterior approach using 
a Stryker saw. The diameters of the ARM and the ASA 
above and below the site of entry of the ARM were mea- 
sured using a Vernier scale and the level noted. 

The spinal cord was sectioned into four cervical, eight 
thoracic, and four lumbar segments. The level of division 
between lower thoracic spinal cord and lumtar spinal cord 
was made immediately above the site of entry of the ARM. 
Blood and tissue samples were placed in vials, the tissues 
dissolved in hot nitric acid and then counted in a well 
gamma counter. The total activity and tissue blood flows 
were calculated on an Apple IE computer (Apple Inc., 
Cupertino, CA) by the method described by Heyman and 
Rudolph.’ 

The data were analyzed on an IBM 4331 computer 
(IBM SA, Johannesburg, South Africa) using the SAS 
package. Results are expressed as means + SD. Since the 
number of experiments in each group were small, non- 
parametric methods (Wilcoxon test for paired samples, 
Mann-Whitney U, and Spearman rank correlation) were 
usually used. When combinations of several groups were 
analyzed, the Student’s t-test was applied. The Fisher exact 
test was used to compare the rates of paraplegia. 

The study was approved by the University of the Wit- 
watersrand Senate Animal Ethics Committee. 


Results 
Hemodynamics 


The hemodynamics of aortic cross-clamping and 
shunting have been reported in detail previously.” Only 
results relevant to preventive measures against paraplegia 
are reported in this study. 

As previously reported,” with the aorta cross-clamped, 
proximal aortic hypertension developed in all groups while 
the distal aortic pressure fell precipitously. 

Papaverine, either administered by laminectomy (L+P) 
or intrathecally (IP), had no demonstrable effect on cardiac 
or systemic hemodynamics and neither did allopurinol 
(AL) nor superoxide dismutase (SOD). Flunarizine in- 
creased cardiac index (CI) (1.89 L/min/m? to 2.4 L/min/ 
m7’, p = 0.002) and decreased systolic pressure (136 mmHg 
to 131 mmHg, p = 0.003) prior to aortic cross-clamping 
and decreased proximal hypertension (201 mmHg to 173 
mmHg, p = 0.01) after cross-clamping with no effect on 
left-ventricular end diastolic pressure. 

The mean time taken to insert thoracic shunts with a 
snare (SH+S) was 9.7 minutes (SEM + 0.9 min) and 16.7 
minutes (SEM +4.4 min) for the thoracoabdominal 
shunts (AS). While the shunts were being inserted, the 
distal aorta was poorly perfused. Table 1 shows the he- 
modynamics of the two shunts. The proportion of the 
cardiac output shunted to the distal aorta varied from 57 
to 64% of cardiac output in the SH-+S group and was only 
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TABLE 1. Thoracic and Abdominal Shunt Hemodynamic: 
Time (Minutes) 
a ee ee ee eS OR 
SH+S AS SH+S AS SH+£ AS 


Flow (L/min) 1.09 0.37 1.13 0.31 ile 0.29 


Flow (ml/kg/min) 46 15 48 13 49 12 
CO (L/min) 190 154 176 131 19% «1.23 
% flow/CO 57 24 64 24 60 24 
Proximal MP 121 110 126 103 131 91 
Distal MP 107 105 111 100 116: 85 
Gradient (mmHg) 14 5 15 3 15 6 
MP Distal to Snare 32 43 40 


SH+S = thoracic shunt with aortic snare. AS = abdominal shunt. CD = cardiac 
output. MP = mean sortic pressure (mmHg). 


24% in the AS group. This difference is probably due to 
the larger peripheral vascular bed (gastrointest:nal and 
hepatic blood vessels) in the SH+S group (Figs. - and 2). 
In both groups, the mean shunt blood flow per kg re- 
mained constant during the 60 minute period of shunting. 
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Fic. 4. Segmental spinal cord blood flow (mean + SD) with abdominal 
shunt (AS) and thoracic shunt plus snare (SH+S). Upper bar graph 
= lower thoracic spinal cord blood flows. Lower bar graph = lumbar 
spinal cord blood flows. Basal = basal blood flow study. XIC 15 min 
= blood flows during aortic cross-clamping. Shunt 60 min = Hood flows 
at the end of 60 minutes of shunting. UNXC 30 min = blood flows 30 
minutes after aortic unclamping. 
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Both the proximal aortic pressure and distal aortic pressure 
were higher in the SH+S group above the occluding snare 
versus the AS group. The pressure gradient across the 
shunt was less in the AS group than in the SH+S group. 


Spinal Cord Blood FLow (SCBF) 


Lower thoracic and lumbar SCBF was significantly in- 
creased (p < 0.03) when an aortic snare was used (SH+S) 
compared to our previously reported data” using a thoracic 
shunt alone. In group SH+S, lumbar SCBF improved 
significantly once the shunt was opened (p = 0.008), but 
there was no increase in lumbar SCBF once the AS shunt 
was opened (Fig. 4). Intrathecal papaverine (IP group) 
resulted in a significantly better SCBF in the lower thoracic 
spinal cord after 60 minutes of aortic cross-clamping than 
that of our previously reported thoracic shunts after 60 
minutes of shunting (p = 0.008). There was no difference 
in lumbar SCBF. 

Figure 5 shows the segmental SCBF in groups AX, L, 
L+P, and IP. There was no difference in basal SCBF be- 
tween the groups. In the two papaverine-treated groups, 
SCBF increased compared to the basal SCBF (lower tho- 
racic SCBF p = 0.04; lumbar SCBF p = 0.01). Although 
SCBF decreased with laminectomy (L) this was not sta- 
tistically significant (p > 0.1). When compared to cross- 
clamping alone (AX), the lower thoracic and lumbar 
SCBF after 60 minutes of cross-clamping was greater in 
groups L, L+-P, and IP (Fig. 5). SCBF with IP was greater 
than with L+P (p = 0.003) at the end of the period of 
cross-clamping. Thirty minutes after unclamping the 
aorta, the lower thoracic SCBF was greater in IP compared 
with L+P (p = 0.001) or aortic cross-clamping alone in 
paraplegic baboons (p = 0.02). 

Flunarizine had no effect on SCBF either immediately 
after injection (prior to aortic cross-clamping) or after 60 
minutes of cross-clamping (lower thoracic 5.7 + 3 ml/ 
100 g/min, lumbar 4.6 + 5.6 ml/100 g/min) when com- 
pared to aortic cross-clamping alone (lower thoracic 5.6 
+ 2.7 ml/100 g/min, lumbar 1.8 + 2.2 ml/100 g/min, p 
== 0.5). Allopurinol (AL) and superoxide dismutase (SOD) 
also had no effect on SCBF when compared to aortic cross- 
clamping alone (AX). 

A marked lumbar spinal cord hyperemia was noted 30 
minutes after unclamping the aorta in the flunarizine 
group when compared to the basal SCBF (94.1 + 20.7 
ml1/100 g/min vs. 26.4 + 16.7 ml/100 g/min, p = 0.01). 
This was greater than the blood flow observed after aortic 
cross-clamping alone (38.9 + 21 ml/100 g/min, p = 0.004) 
but no different from the hyperemia after intrathecal pa- 
paverine (89.6 + 27.9 ml1/100 g/min). 

In paraplegic animals, lower thoracic (p = 0.0005) and 
lumbar (p = 0.04) SCBF was significantly lower during 
aortic cross-clamping than in nonparaplegic animals (Fig. 
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Fic. 5. Segmental spinal cord blood flows in the groups with the aorta 
cross-clamped (AX), laminectomy (L), laminectomy plus papaverine 
(L+P) and intrathecal papaverine (IP) (mean + SD). Upper bar graph 
= lower thoracic spinal cord blood flows. Lower bar graph = lumbar 
spinal cord blood flows. Basal = basal blood flow study. Post L L+P IP 
= blood flows after laminectomy, laminectomy plus papaverine, and 
after intrathecal papaverine injection. XC 60 min = blood flows at the 
end of 60 minutes of aortic cross-clamping. UNXC 30 min = blood 
flows 30 minutes after aortic unclamping. 


6). There was an inverse relationship between lumbar 
SCBF after 60 minutes of aortic cross-clamping and the 
subsequent magnitude of reactive hyperemia of the spinal 
cord 30 minutes after unclamping the aorta (p = 0.05). 
In paraplegic baboons, the reperfusion response 30 min- 
utes after unclamping the aorta was significantly greater 
in both the thoracic (p = 0.007) and lumbar (p = 0.004) 
spinal cord segments when compared to nonparaplegic 
animals. 


Anatomy 


In all 52 baboons examined in this study the ASA was 
continuous from the base of the brain to the cauda equina. 
As reported previously,” the ASA above the ARM is sig- 
nificantly smaller than below the ARM (p < 0.0001). It 
was of particular interest that papaverine (groups L+P 
and IP) dilated the ASA above the ARM (p = 0.007) but 
not below the ARM (p = 0.3) when compared to lami- 
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nectomy alone. Applying Poiseuille’s equation, the dila- 
tation could have increased the blood flow in the ASA 
above the ARM by a factor of 76.5 times. 


Paraplegia 


The percentage of baboons that became paraplegic in 
each group is shown in Figure 7. Aortic cross-clamping 
alone caused paraplegia in eight out of ten baboons. Of 
particular note is that paraplegia was completely pre- 
vented by a thoracic shunt with an infrarenal aortic snare 
(SH+S, p = 0.003), laminectomy with papaverine (L+P, 
p = 0.007), and lumbar puncture with papaverine (IP, p 
= 0.007). Thus, in a total of ten baboons treated with 
papaverine, none became paraplegic (p < 0.003). Para- 
plegia was not significantly decreased by AS, L, F, AL, 
or SOD. 
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Fic. 6. Comparison of blood flows between nonparaplegic and paraplegic 
animals (mean + SD). Upper bar graph = lower thoracic spinal cord 
blood flows. Lower bar graph = lumbar spinal cord blood flows. XC 60 
min = blood flow after 60 minutes of cross-clamping or shunting. UNXC 
30 min = blood flows 30 minutes after unclamping the aorta. 
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FIG. 7. Paraplegia rates. AX = aorta cross-clamped alone. SH = thoracic 
shunt alone. AS = thoracoabdominal shunt. SH+S = thoracic shunt 
with snaring at the infrarenal aorta, L = laminectomy. L+P = laminec- 
tomy plus papaverine. IP = intrathecal papaverine. F = flunarizine. AL 
= allopurinol. SOD = superoxide dismutase. 


Discussion 


In this study, paraplegia after thoracic aortic cross- 
clamping was completely prevented by increasing the 
blood supply to the spinal cord with either a shunt per- 
fusing the ARM with the distal aorta occluded or by va- 
sodilating the anterior spinal artery with papaverine. 
Neural tissue damage was not prevented by a calcium 
channel blocker, AL, or SOD. 

The hemodynamics of aortic-aortic shunts are both a 
function of the peripheral vascular resistance and of the 
resistance of the shunt itself. Increasing the peripheral 
vascular resistance in the thoracic shunt plus snare group 
increased the blood flow to the spinal cord compared to 
the previously reported SCBF of a thoracic aortic-aortic 
shunt alone.’ The clinical implication is that a vascular 
clamp should be placed across the infrarenal aorta if the 
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Fic. 8. Pathways of blood flow with a thoracic shunt or intrathecal! pa- 
paverine. V.A, = vertebral artery. R.A. = radicular artery, A.S.A. = an- 
terior spinal artery, A.R.M. = arteria radicularis magna. 
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abdomen is opened and a shunt is used during thoracic 
or thoracoabdominal surgery on the aorta. This will in- 
crease blood flow to the segmental artery supplying the 
ARM and hence the spinal cord, particularly if distal hy- 
potension is present. Such a clamp would be positioned 
below the ARM in 98.4% of patients as the ARM origin 
is at L3 or below in only 1.6% of patients.'!° The greater 
lumbar SCBF during abdominal shunt insertion, while 
the infrarenal abdominal aorta was clamped, can be ex- 
plained by a similar mechanism. 

Papaverine completely prevented paraplegia in all ten 
baboons following cross-clamping of the thoracic aorta. 
We had previously found that the ASA was continuous 
in both baboons and human beings and that if the ASA 
was large then paraplegia did not occur in baboons. We 
therefore reasoned that, if the ASA could be vasodilated 
in the narrow segment above the ARM, then blood flow 
from the proximal cranial ASA to the caudal spinal cord 
should increase with a reduction in the incidence of para- 
plegia. Papaverine was chosen because it is one of the 
most powerful drugs used to dilate basilar artery spasm 
induced by subarachnoid hemorrhage.'' Applying Poi- 
seuille’s equation, dilatation by papaverine could have 
increased blood flow down the ASA by a calculated factor 
of 76 times, although the measured increase in the dis- 
sipated blood flow to the spinal cord capillary bed would 
obviously be less (Fig. 8). The vasodilation of the ASA 
caused an increase in the lower thoracic SCBF during 
aortic cross-clamping of at least 15 times greater than 
cross-clamping alone and ten times greater in the lumbar 
spinal cord. The SCBF increased most in the group that 
had CSF drained by lumbar puncture followed by the 
injection of papaverine (IP). Blaisdell and Cooley’? found 
in a large series of dog experiments, in which CSF was 
drained from the cisterna magna, that the incidence of 
paraplegia could be reduced by this procedure. Griffitts 
et al.'* have shown that by increasing spinal CSF pressure 
and decreasing arterial perfusion pressure, SCBF falls. 
They also found that SCBF can be increased, despite a 
raised CSF pressure, if the perfusion pressure is increased 
by raising the arterial blood pressure. This corroborates 
well with the finding of Gelman et al.'* that decreasing 
the proximal aortic hypertension that occurs with aortic 
cross-clamping reduces SCBF of the distal spinal cord. 
Griffitts et al.'? found that a decrease in CSF pressure 
reduced total vascular resistance. The reason for the 
greater SCBF during aortic cross-clamping in our groups 
that had CSF drainage, particularly by lumbar puncture, 
compared with aortic cross-clamping alone appears to be 
that drainage of CSF prevented the high intrathecal CSF 
pressures generated during aortic cross-clamping.'>!® This 
reduced intrathecal CSF pressure would encourage flow 
down the ASA to the distal spinal cord. This was aided 
by dilatation of the ASA with papaverine. 
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Anderson et al.'’ have shown that laminectomy de- 
creases SCBF, which they suggested may be due to tem- 
perature induced vasoconstriction. We found a marked 
but not significant decrease in SCBF in our laminectomy 
group prior to aortic cross-clamping. Nevertheless, dur- 
ing the period of aortic cross-clamping, laminectomy (L) 
alone had a greater lower thoracic and lumbar SCBF than 
did aortic cross-clamping alone, but failed to protect 
against paraplegia in this small number of experiments. 
Similarly, Wadouh et al.'° also failed to prevent paraplegia 
by laminectomy in pigs. We conclude from the above 
that CSF drainage by laminectomy is not protective, 
whereas CSF drainage from either the cisterna magna or 
perhaps by lumbar puncture is protective during aortic 
cross-clamping. 

Intrathecal papaverine completely prevented paraple- 
gia. This was associated with an increased SCBF in the 
lower thoracic and lumbar spinal cord during aortic cross- 
clamping. The lower thoracic SCBF was greater than that 
seen with a thoracic shunt in operation. In both this study 
and in the previously reported study, a shunt did not in- 
crease SCBF in the lower thoracic spinal cord during aortic 
cross-clamping. A shunt in man carries a high morbidity 
and mortality risk.'-7'*!9 Since we have shown that in- 
trathecal papaverine is as effective as, if not better than, 
shunts in preventing paraplegia during aortic cross- 
clamping, lumbar puncture with injection of papaverine 
seems to us to be the method of choice. 

While the effect of papaverine on increasing SCBF by 
dilatation of the ASA suggests a powerful mechanism for 
the prevention of paraplegia, we speculate that papaverine 
may also have other cytoprotective effects. Papaverine in- 
hibits aerobic oxidation of substrates in the Kreb’s cycle,”° 
blocks calcium entry into cells,?' increases calcium uptake 
by mitochondria,”! inhibits nucleotide breakdown to hy- 
poxanthine,”**? and prevents the entry of hypoxanthine 
into cells.” Hypoxanthine is a substrate for superoxide 
radical formation, and nucleotides that are not broken 
down may inhibit the formation of superoxides.*° These 
mechanisms could, in part, explain the success of papav- 
erine in protecting the bowel”! and saphenous vein grafts 
after ischemia-reperfusion events.” The metabolic role 
of topical papaverine on neutral tissue during ischemia- 
reperfusion has yet to be defined. 

In our experiments, flunarizine did not prevent isch- 
emic injury to the spinal cord. This is surprising in view 
of the reported effects of flunarizine in the cytoprotection 
of neural tissue,*°?! the antispasmodic effect in arteries,” 
and the prevention of decreased red blood cell pliability 
with hypoxia.*?** Flunarizine did not increase SCBF dur- 
ing cross-clamping and only resulted in an increase after 
unclamping the aorta. The latter response was probably 
a reperfusion hyperemia. Papaverine caused a similar in- 
crease in SCBF after aortic unclamping but produced a 
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much greater SCBF during aortic cross-clamping, which 
was probably protective. This suggests that increased 
SCBF during aortic cross-clamping is more important in 
preventing paraplegia than the possible cytoprotective ac- 
tion of calcium channel blockers. In addition, flunarizine 
may not have been protective because the 60-minute pe- 
riod of ischemia was too severe for the drug to be effective 
in preventing neural injury. Others**-*’ have also found 
that flunarizine fails to protect against the damaging effects 
of ischemia. 

Organ protection by AL and SOD during reperfusion 
of tissues is well established.**-*” Methylprednisone** and 
thiopentone,” both antioxidants in peroxidizing lipo- 
somes,’ have been used for spinal cord protection during 
aortic cross-clamping. Thus, the failure of AL alone or 
combined with SOD to prevent paraplegia is surprising, 
as superoxides appear to play a role in causing spinal cord 
injury. The possible reasons for this failure to protect the 
spinal cord include, firstly, the fact that the drugs were 
not active. However, in the SOD group, no gastric lesions 
occurred at all (p = 0.004 when compared to aortic cross- 
clamping alone, results to be reported), suggesting that 
superoxides were formed with reperfusion of the tissues 
distal to the aortic clamps. The prevention of gastric le- 
sions by SOD parallels the similar finding of Itoh et al.”’ 
in rats. Secondly, SOD may not have penetrated the cells. 
Despite SOD being a large protein with a molecular weight 
of 80,000, it appears to gain access into cells by endocy- 
tosis. What role the blood-brain barrier plays in pre- 
venting entry of the drug into brain or spinal neural tissue 
is unknown, although SOD has been reported to gain entry 
into the CSF.*? As bovine Cu-Zn SOD has been shown 
to be rapidly eliminated from the circulation of the kid- 
neys,” we chose to give SOD immediately before un- 
clamping the aorta (prior to renal perfusion) and imme- 
diately with unclamping when reperfusion would generate 
superoxide radicals. SOD has previously been used suc- 
cessfully when given immediately before reperfusion." 
The third possible reason for the failure of SOD to prevent 
paraplegia is that the 60 minute period of ischemia may 
have been excessively long and caused irreversible spinal 
cord injury. No previous studies have evaluated SOD for 
the prevention of paraplegia. To our knowledge, there has 
only been the study of Kontos and colleagues,” evaluating 
the effect of SOD protection on neural tissue. Their results 
showed that SOD and mannitol conferred a protective 
effect on the brain following ischemia. Rehncrona et al.°° 
were unable to find evidence that superoxide formation 
following reperfusion caused irreversible neural damage. 
Nevertheless, Demopoulos et al.?! believe that superoxide 
radicals are involved in causing secondary spinal cord 
damage after trauma. To try to elucidate the relationship 
between ischemia and ischemia-reperfusion injury in the 
spinal cord, we are, in further studies on SOD treatment, 
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measuring the levels of superoxides by using indirect 
methods of analysis. 

The spinal cord vascular anatomy of the baboon and 
man are remarkably similar. In over 65 baboon spinal 
cord dissections by the method described, we have always 
found the ASA to be continuous from the base of the 
brain to the cauda equina. Dommisse?” also found this 
to be the case in 42 human spinal cords he examined. 
While the ASA could conceivably not always be contin- 
uous, this would appear to be a rare cause of paraplegia 
during cross-clamping, as suggested by Brewer et al.’ and 
others.>?° 

This study has shown that a thoracoabdominal shunt, 
which does not perfuse the ARM, fails to increase both 
lower thoracic and lumbar SCBF and fails to protect 
against paraplegia. This is in agreement with the findings 
of Fried et al.°' and Wadouh et al:,!° who showed that 
ligation of the ARM invariably results in paraplegia. Fail- 
ure to perfuse the ARM may have been the reason for 
the paraplegia that occurred in one patient of Laschinger 
et al., despite shunting, as the aorta was cross-clamped 
below T11. Thus, if the ARM arises from the occluded 
segment of aorta, a distal shunt or femorofemoral bypass 
is of limited value. Our experimental findings confirm 
that reimplantation of the ARM°® should increase SCBF. 

In conclusion, we have shown that CSF drainage to- 
gether with intrathecal papaverine completely prevents 
paraplegia by dilating the ASA and increasing SCBF. A 
calcium channel entry blocker (flunarizine), AL, SOD, 
laminectomy alone, and a thoracoabdominal shunt not 
perfusing the ARM failed to prevent paraplegia after 60 
minutes of ischemia, SOD did, however, prevent gastric 
lesion formation. A thoracic shunt, with the infrarenal 
aorta snared, completely prevented paraplegia by increas- 
ing spinal cord blood flow. This suggests that during 
shunting the infrarenal aorta should be occluded. In- 
trathecal papaverine was as effective as a thoracic shunt 
with a snare in preventing paraplegia. We therefore con- 
clude that intrathecal papaverine is the method of choice 
in preventing paraplegia during aortic cross-clamping. We 
have commenced a clinical study using intrathecal pa- 
paverine in human beings and thus far have noted no side 
effects or the occurrence of paraplegia. 


Acknowledgments 


Professors J. A. Myburgh and D. J. Du Plessis gave valued criticism 
and advice concerning the study. The art work was kindly done by Ms. 
H. Stevens of the Department of Medical Photography and Illustration. 
The author gratefully acknowledges the support of the following insti- 
tutions and grants: South African Medical Research Council; Davis and 
Geck Research Scholarship, David Lurie Research Fellowship, Haemie 
Schnier Research Scholarship in Vascular Disease; Medical Faculty Re- 
search Endowment Fund; Pharmacia AB, Uppsala, Sweden; Janssen 
Laboratories, Belgium. This study is part ofa Ph.D. thesis for submission 
by the author to the University of the Witwatersrand, Johannesburg. 


Ann. Surg. + July 1986 


References 


1. Svensson LG, Antunes MDJ, Kinsley RH. Traumatic rupture of 
the thoracic aorta: a report of 14 cases and a review of the liter- 
ature. S Afr Med J 1985; 67:853~857. 

2. Svensson LG, Rickards E, Coull A, et al. Relationship of spinal cord 
blood flow to vascular anatomy during thoracic aortic cross- 
clamping and shunting. J Thorac Cardiovasc Surg 1986; 91:71- 
78 


3. Bloodwell RD, Hallman GL, Cooley DA. Partial cardiopulmonary 
bypass for pericardiectomy and resection of descending thoracic 
aortic aneurysms. Ann Thorac Surg 1968;6:46-56. 

4. DeBakey ME, McCollum CH, Graham JM. Surgical treatment of 
aneurysms of the descending thoracic aorta. J Cardiovasc Surg 
1978; 19:571-576. 

5. Crawford ES, Rubio PA. Reappraisal of adjuncts to avoid ischemia 
in the treatment of aneurysms of descending thoracic aorta. J 
Thorac Cardiovasc Surg 1973; 66:693~704. 

6. Livesay JJ, Cooley DA, Ventemiglia RA, et al. Surgical experience 
in descending thoracic aneurysemectomy with and without ad- 
juncts to avoid ischemia. Ann Thorac Surg 1985; 39:37-46, 

7. Najaf H, Javid H, Hushang J, et al. Descending aortic aneurys- 
mectomy without adjuncts to avoid ischemia, Ann Thorac Surg 
1980; 30:326-335. 

8. Svensson LG, Klepp P, Hinder RA. Spinal cord anatomy of the 
baboon: comparison with man and implications on spinal cord 
blood flow during thoracic aortic cross-clamping. S Afr J Surg 
1986; March (in press). 

9. Heyman MA, Payne BD, Hoffman JIE, Rudolph AM. Blood flow 
measurements with radionuclide-labeled particles. Prog Car- 
diovase Dis 1977: 20:55-79, 

10. Wadouh F, Lindemann E-M, Arndt CF, et al. The arteria radicularis 
magna anterior as a decisive factor influencing spinal cord damage 
during aortic occlusion. J Thorac Cardiovasc Surg 1984; 88:1- 
10. 

II. Ogata M, Marshall BM, Lougheed WM. Observations on the effects 
of intrathecal papaverine in experimental vasospasm. J Neurosurg 
1973; 38:20-25. 

12. Blaisdell FW, Cooley DA. The mechanism of paraplegia after tem- 
porary thoracic aortic occlusion and its relationship to spinal 
fluid pressure. Surgery 1962; 51:351-355. 

13. Griffiths IR, Pitts LH, Crawford RA, Trench JG. Spinal cord 
compression and blood flow. 1. The effect of raised cerebrospinal 
fluid pressure on spinal cord blood flow. Neurology 1978: 28: 
1145-1151. 

14. Gelman S, Reves JG, Fowler K, et al. Regional blood flow during 
cross-clamping of the thoracic aorta and infusion of sodium ni- 
troprusside, J Thorac Cardiovase Surg 1983; 85:287-291, 

15. Berendes JN, Bredee JJ, Schipperheyn JJ, Mashhour YAS. Mech- 
anism of spinal cord injury after cross-clamping of the descending 
thoracic aorta. Circulation 1982: 66(suppl): 112-116. 

16. Hantler CB, Knight PR. Intracranial hypertension following cross- 
clamping of the thoracic aorta. Anesthesiology 1982; 56:146- 
147, 

17, Anderson DK, Nicolosi GR, Means ED, Hartley LE. Effects of lam- 
inectomy on spinal cord blood flow. J Neurosurg 1978; 48:232- 
238. 

18. Appelbaum A, Karp RB, Kirklin JW. Surgical treatment for closed 
thoracic aortic injuries. J Thorac Cardiovasc Surg 1976; 71:458- 
460. 

19. Gott VL. Heparinized shunts for thoracic vascular operations. J 
Thorac Cardiovasc Surg 1972; 14:219-220. 

20. Tsuda S, Urakawa N, Fukami J-I. The inhibitory effect of papaverine 
on respiration-dependent contracture of guinea pig taenia coli in 
high-k medium. 2. Inhibition of mitochondrial respiration. Japan 
J Pharmacol 1977: 27:845-853. 

21. Imai S, Kitagawau T. A comparison of the differential effects of 
nitroglycerin, nifedipine and papaverine on contractures induced 
in vascular and intestinal smooth muscle by potassium and lan- 
thanum. Japan J Pharmacol 1981; 31:193-199, 

22. Kukovetz WR, Poch G. Inhibition of cyclic 3',5’-nucleotide phos- 
phodiesterase as a possible mode of action of papaverine and 
similarly acting drugs. Arch Pharmakol 1970; 267:189-~194, 


` 4y 


VoL 204 * No, | 


23. 


24. 


25: 


26. 


Zi. 
28. 


29. 


30. 


31. 


32. 


33. 


35; 


37. 


42, 


43. 


Poch G, Kukovetz WR. Papaverine induced inhibition of phospho- 
diesterase activity in various mammalian tissues. Life Sci 1971; 
10:133~144. 

Plageman PGW, Wohlhueter RM. Inhibition of the transport of 
adenosine, other nucleosides and hypoxanthine in novikoff rat 
hepatoma cells by methylxanthines, papaverine, N®°-Cyclohex- 
yladenosine and N*-Phenylisopropylandenosine. Biochemical 
Pharmacol 1984; 33:1783~1788. 

Murad F, Arnold WP, Mittal CK, Braughler JM. Properties of and 
regulation of guanylate cyclase and some proposed functions for 
cyclic GMP. In Greengard P, Robison GA, eds. Advances in 
Cyclic Nucleotide Research, Vol. 11. New York: Raven Press, 
1979; 175-204. 

Boley SJ, Sprayregan S, Siegelman SS, Veith FJ. Initial results from 
an aggressive roentgenological and surgical approach to acute 
mesenteric ischemia. Surgery 1977; 82:848-855. 

Connolly JE, Kwaan JHM. In situ saphenous vein bypass. Arch 
Surg 1982; 117:1551-1557. 

LoGerfo FW, Haudenschild CC, Quist WC. A clinical technique for 
prevention of spasm and preservation of endothelium in saphe- 
nous vein grafts. Arch Surg 1984; 119:1212-1214. 

Roberts AJ, Hay DA, Mehta JL, et aL Biochemical and ultrastructural 
integrity of the saphenous vein conduit during coronary artery 
bypass grafting. J Thorac Cardiovasc Surg 1984; 88:39-48. 

White BC, Gadzinski DS, Hoehner PJ, et al. Effect of flunarizine 
on canine cerebral cortical blood flow and vascular resistance 
post cardiac arrest. Ann Emer Med 1982; 11:119~126. 

Karasawa A, Kumada Y, Yamada K, et al. Protective effect of flu- 
narizine against cerebral hypoxia-anoxia in mice and rats, Journal 
of Pharmacobiodynamics (Tokyo) 1982; 5:295~300. 

Van Neuten JM, Van Beek J, Janssen PAJ. Effect of flunarizine on 
calcium-induced response of peripheral vascular smooth muscle. 
Archives Internationales de Pharmacodynamie et de Therapie 
(Ghent) 1978; 232:42-52, 

De Clerck F, De Gee J, Brugmans J, Wellens D. Reduction by flu- 
narizine of the increase of blood viscosity after ischemic forearm 
occlusion. Archives Internationales de Pharmacodynamie et de 
Therapie (Ghent) 1977; 230:321-323. 


. De Cree J, De Cock W, Geukens H, et al. The rheological effects of 


cinnarizine and flunarizine in normal and pathologic conditions. 
Angiology 1979; 30:505-515. 

Dean JM, Hoehner PJ, Rogers MC, Traystman RJ. Effect of lido- 
flazine on cerebral blood flow following twelve minutes total ce- 
rebral ischemia. Stroke 1984; 15:531~535. 


. Hossmann K-A, Paschen W, Csiba L. Relationship between cakcium 


accumulation and recovery of cat brain after prolonged cerebral 
ischemia. J Cereb Blood Flow Metabol 1983; 3:346-353. 

Newberg LA, Steen PA, Milde JH, Michenfelder JD. Failure of flu- 
narizine to improve cerebral blood flow or neurologic recovery 
in a canine model of complete cerebral ischemia. Stroke 1984; 
15:666-671. 


. Granger DN, Parks DA. Role of oxygen radicals in the pathogenesis 


of intestinal ischemia. The Physiologist 1983; 26:159-164. 


. Parks DA, Bulkley GB, Granger DN. Role of oxygen-derived free 


radicals in digestive tract diseases. Surgery 1983; 94:415~—422. 


. Toledo—Pereyra LH, Simmons RL, Najarian JS. Effect of allopurinol 


on the preservation of ischemic kidneys perfused with plasma or 
plasma substitutes. Ann Surg 1974; 180:780-782. 


. Im MJ, Manson PN, Bulkley GB, Hoopes JE. Island skin flaps: 


effects of superoxide dismutase and allopurinol on the survival 
of acute island skin flaps. Ann Surg 1985; 201:357-359. 
McCord JM, Oxygen-derived free radicals in postischemic tissue 
injury. N Engl J Med 1985; 312:159-163. 
Ouriel K, Smedira NG, Ricotta JJ. Protection of the kidney after 


PREVENTION OF PARAPLEGIA 


45. 


47. 


49. 


52. 


53. 


55. 


58. 


59. 


61. 


62. 


63. 


47 


temporary ischemia: free radical scavengers. J Vase Surg 1985; 
2:49-53. 


. Dalsing MC, Grosfeld JL, Shiffler MA, et al. Superoxide dismutase: 


a cellular protective enzyme in bowel ischemia. J Surg Res 1983; 
34:589--596, 

Schlafer M, Kane PF, Kirsh MM. Superoxide dismutase plus catalase 
enhance the efficacy of hypothermic cardioplegia to protect the 
globally ischemic, reperfused heart. J Thorac Cardiovasc Surg 
1982; 83:830-839. 


. Gardner TJ, Stewart JR, Casale AS, et al. Reduction of myocardial 


ischaemic injury with oxygen derived free radical scavengers. 
Surgery 1983; 94:423-427. 

Schoenberg MH, Muhl E, Sellin D, et al, Posthypotensive generation 
of superoxide free radicals: possible role in the pathogenesis of 
the intestinal mucosal damage. Acta Chir Scand 1984; 150:301- 
309. 


. Laschinger JC, Cunningham JN, Cooper MM, et al. Prevention of 


ischemic spinal cord injury following aortic cross-clamping: use 
of corticosteroids. Ann Thorac Surg 1984; 38:500-507. 

Nylander WA, Plunkett RJ, Hammon JW, et al. Thiopental mod- 
ification of ischemic spinal cord injury in the dog. Ann Thorac 
Surg 1982; 33:64-68. 


. Demopoulos HB, Flamm ES, Pietronigro DD, Seligman ML. The 


free radical pathology and the microcirculation in the major cen- 
tral nervous system disorders. Acta Physiol Scand 1980, 
492(suppl):9 1-119, 


. Itoh M, Guth PH. Role of oxygen-derived free radicals in hemor- 


rhagic shock-induced gastric lesions in the rat. Gastroenterology 
1985; 88:1162-1167. 

Michelson AM, Puget K. Cell penetration by exogenous superoxide 
dismutase. Acta Physiol Scand 1980; 492(suppl):67-80. 

Liu J, Simon LM, Phillips JR, Robin ED. Superoxide dismutase 
(SOD) activity in hypoxic mammalian systems. J Appi Physiol 
1977; 42:107-110. 


. Manson PN, Anthenelli RM, Im MJ, et al. The role of oxygen- 


derived free radicals in ischemic tissue injury in island skin flaps. 
Ann Surg 1983; 198:87-90. 

Kontos HA, Wei EP, Ellis EF, et al. Prostaglandins in physiological 
and in certain pathologic responses of the cerebral circulation. 
Fed Proc 1981; 40:2326-2330. 


. Rehncrona S, Siesjo BK, Smith DS. Reversible ischemia of the brain: 


biochemical factors influencing restitution. Acta Physiol Scand 
1980; 492(suppl): 135-140. 


. Dommisse GF. The Arteries and Veins of the Human Spinal Cord 


from Birth. Edinburgh: Churchill-Livingstone, 1975. 

Brewer LA, Fosberg RG, Mulder GA, Verska JJ. Spinal cord com- 
plications following surgery for coarctation of the aorta. J Thorac 
Cardiovasc Surg 1972; 64:368~379. 

Lazorthes G, Gouaze A, Zadeh JO, et al. Arterial vascularization of 
the spinal cord: recent studies of the anastomotic substitution 
pathways. J Neurosurg 1971; 35:253-262. 


. Krieger KH, Spencer FC. Is paraplegia after repair of coarctation of 


the aorta due principally to distal hypotension during aortic cross- 
clamping? Surgery 1985; 97:2-6. 

Fried LC, Di Chiro G, Doppman JL. Ligation of major thoraco- 
lumbar spinal cord arteries in monkeys. J Neurosurg 1969; 31: 
608-614. 

Laschinger JC, Cunningham JN, Nathan IM, et al. Experimental 
and clinical assessment of the adequacy of partial bypass in 
maintenance of spinal cord blood flow during operations on the 
thoracic aorta. Ann Thorac Surg 1983; 36:417-426. 

Spencer FC, Zimmerman JM. The influence of ligation of the in- 
tercostal arteries on paraplegia in dogs. Surgical Forum 1959; 9: 
340-342. 





Effects of Infection on Oxygen Consumption and 
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Oxygen consumption (VO) and colonic temperature (T.) were 
measured in groups of rats before and after 30% total body sur- 
face, full thickness burns. Some wounds were seeded with Psex- 
domonas aeruginosa or Stapkylococcus epidermidis, and some 
seeded wounds were treated with Sulfamylon® or Silvadene®. 
Three groups became bacteremic (B) during the 2-3 week period 
of observation. At an ambient temperature (T,) of 32 C, VO, of 
the B groups rose from 0.83 + 0.01 to 1.20 + 0.01 ml/hr/g 
(mean + S.E. p < 0.001) rersus 0.81 + 0.01 to 0.99 + 0.02 for 
nine nonbacteremic (NB) groups (p < 0.001). T. increased only 
in the B groups—from 36.8 + 0.1 to 37.7 + 0.1 C (p < 0.001). 
In the second or third week postinjury, VO, of the NB rats was 
reduced when T, was increased to 34 C; T. followed changes in 
T,. Sulfamylon lowered VO; of P. aeruginosa seeded, NB rats. 
The metabolic cost of wound contamination appeared to vary 
with bacterial strain. The metabolic effects of infection appear 
to be a continuum, beginning with a modest rise in VO, and 
progressing to greater increases in VO, and T., with wound inm- 
vasion and systemic infection. 


OSTBURN HYPERMETABOLISM 1s a well-recognized 
clinical entity, but its etiology remains poorly un- 
derstood. Thermoregulatory and nonthermoreg- 

ulatory explanations have been offered, but neither is fully 
accepted.'-? Since the burn wound is never sterile during 
the hypermetabolic phase of injury‘ and infection alone 
produces metabolic and neuroendocrine adjustments 
similar to those in thermal injury,’ bacteria and/or their 
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products are possible important metabolic stimuli in 
burned patients. 

' Metabolic responses of the burned patient are com- 
monly separated into those developing before or after sys- 
temic infection. While this is an important clinical dis- 
tinction, it fails to encompass the possible metabolic effects 
of bacteria prior to invasive infection. The purpose of this 
study was to determine to what extent bacterial contam- 
ination of the burn wound affects the energy metabolism 
and core temperature of nonbacteremic rats. We seeded 
burn wounds with different bacteria and treated some of 
these wounds with topical antimicrobial agents. The re- 
sults indicate that bacterial growth in the burn wound 
increases oxygen consumption in nonbacteremic burned 
rats. 


Materials and Methods 
Animals 


The animals selected for study were 3-7-month-old, 
male Sprague-Dawley rats (Holtzman, Madison, WI) 
weighing 400—600 g. They were housed in individual cages 
at an ambient temperature of 28-30 C and had access to 
food (Purina laboratory chow) and water throughout the 


‘study. A 12-hour light/dark cycle was maintained with 


lights coming on at 0600 daily. 


Respiratory Gas and Core Temperature Measurements 


Oxygen consumption was determined in groups of an- 
imals (13--30/group) using an open and closed respiration 
chamber. Chamber temperature was set at 30 C for un- 
injured animals and at 32 or 34 C for the burned animals. 
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Average chamber temperature (mean of one wall tem- 
perature and air temperature for four different sites) varied 
+0.3 C. Relative humidity ranged from 40-50%. 

The animals (each in its own cage) were left undisturbed 
in the chamber for at least 1 hour prior to gas exchange 
measurements. When the study began, large valves closed, 
making the chamber airtight. Chamber oxygen and carbon 
dioxide concentrations were determined at 15-minute in- 
tervals by mass spectrometry (MGA 1100, Perkin Elmer, 
Pomona, CA) until the CO, concentration exceeded 
0.85%. Rats were then taken from the chamber and their 
weights and colonic temperatures (T,) recorded imme- 
diately. Their locations in the chamber and order of re- 
moval for measurement were randomized to reduce sys- 
tematic errors in temperature recording. T, was measured 
at a depth of 6 cm using a YSI 402 probe (Yellow Springs 
Instrument Co., Inc., Yellow Springs, OH). 

Oxygen consumption (VO,) for the entire group was 
calculated from changes in O, volume while the chamber 
was hermetically sealed. As such, it represented a timed 
average over a 1-2 hour period and was expressed in mil- 
liliters (STPD) per hour per gram body weight. 

The mass spectrometer was calibrated prior to each 
study. In addition, the chamber was calibrated weekly by 
measuring the VO, of methanol combustion and com- 
paring the measured rate with that predicted from the 
change in methanol weight. This measured VO, was al- 
ways within 2% of what was predicted. The temperature 
probe was calibrated in a stirred water bath after each 
study and the recorded values adjusted to +0.1 C accuracy. 


Study Design 


Prior to injury, studies were performed at the same 
time each day until VO, and T, reached minimal levels. 
Each animal was then anesthetized (sodium pentobarbital, 
5 mg/100 g body weight, intraperitoneally), and the hair 
clipped from the back and flanks. The anesthetized rat 
was placed in a mold exposing 30% of the total body sur- 
face, and a full-thickness burn was produced over this 
area by immersing it in 98 C water for 9 seconds. Control 
animals were anesthetized and clipped but not burned. 

Burn wounds of some groups were seeded immediately 
after injury. Seeding cultures contained 10° organisms per 
milliliter and one milliliter of culture medium was spread 
over the entire wound. One group was seeded with a 
virulent strain of Pseudomonas aeruginosa (ISR 59-12- 
4-4), four others with a nonvirulent P. aeruginosa (cur- 
rently unclassified), and two more with Staphylococcus 
epidermidis (ATCC 12228). Some seeded burn wounds 
were treated once daily with Sulfamylon® (an 11.1% sus- 
pension of mafenide acetate in a water dispersible base) 
or Silvadene® (a 1% suspension of silver sulfadiazine in a 
water-miscible base). All treated animals were bathed 
weekly. 
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Multiple metabolic and temperature measurements 
were conducted between the sixth and 25th days after 
injury or sham burn. Animals were not studied if they 
presented clinical signs of sepsis, /.e., markedly elevated 
T., excessive weight loss, weakness/lethargy, and light 
brown discharge around the eyes or nose. The rats were 
killed after the final experiment. Blood and spleen cultures 
and wound specimens were obtained from a representative 
number in each group to establish the incidence of bac- 
terial wound invasion and systemic infection. Clinically 
bacteremic animals had positive blood and/or spleen cul- 
tures and histologic evidence of wound invasion. Only 
groups that demonstrated 90% homogeneity (bacteremic 
or nonbacteremic) are included in this report. 


Data Analysis 


Burn groups were separated into bacteremic and non- 
bacteremic categories. Paired t-tests were performed to 
determine the significance of changes between pre- and 
postburn VO, and T, for each category. An unpaired t- 
test was used to determine whether changes in VO, after 
injury were different in the two categories. The effects of 
Sulfamylon on VO, of nonbacteremic burn groups were 
determined by a nonlinear regression analysis for each 
group and an analysis of variance and covariance of data 
collected between the seventh and 21st postburn days. 


Results 


Two unburned and 13 burned groups were studied 
(Table 1). Sulfamylon and Silvadene treated groups did 
not become bacteremic, but three untreated groups did, 
two spontaneously and one seeded with virulent P. aeru- 
ginosa. Oxygen uptake of the burned animals increased 
after injury while that of the unburned controls tended 
to decrease slowly over the 3-week period of observation. 
Since VO, is expressed per gram body weight, some of 
the difference in O, uptake after injury and sham burn is 
a reflection of the tendency for the uninjured animals to 
gain weight, while the burned animals all lost weight. 

The magnitude and rate of rise in VO, of the burned 
animals were greater in the bacteremic groups (Fig. 1). 
At an ambient temperature of 32 C, VO» of the bac- 
teremic animals rose steadily for 3 weeks, while there was 
little increase in O, uptake of the nonbacteremic groups 
until late in the second week. VO, of the three bac- 
teremic groups rose from 0.83 + 0.01 to 1.20 + 0.01 
ml/hr/g (mean + S.E., p < 0.001, paired t-test) as com- 
pared with an increase from 0.81 + 0.01 to 0.99 + 0.02 
ml/hr/g (p < 0.001, paired t-test) for nine nonbacteremic 
groups studied in the same 32 C environment (Table 1). 
The greater increase in VO, of the bacteremic rats (p 
< 0.001, unpaired t-test) was accompanied by a rise in Te 
(36.8 + 0.1 to 37.7 + 0.1 C, p < 0.01, paired t-test), there 
was no significant change in T, in the nonbacteremic 
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TABLE 1. Group Characteristics before (B) and after (A; Burn Irjury* 











Weight VO; T, 
Numbert (g) (ml/hr/g) (cegrees C) 
Group B/A B/A B30/A30 B30/A30 
Unburned 
I 30/30 477/480  0.82/0.75 36.9 36.8 
2 30/30 522/554 0.82/0.79 37.1371 
Burned, bacteremic B30/A32 B30°A32 
3 30/18 537/494 O.85/1.19 36.€/37.4 
4 30/18 485/470 = 0.80/1.18 36. 437.7 
5 VP 30/13 552/466 0.83/1.22 37.W/37.9 
Burned, 
nonbacteremic B30/A32/A34  B30FA32/A34 
6 30/24 521/494 0.82/0.99/0.90 — 37.2/37.6/38.0 
7 30/26 512/490 0.80/ /1.03 370/ /379 
8 27/25 547/544 0,77/0.99/0.92 — 37.€437.2/37.6 
9 NVP 30/29 477/461  0.84/1.04/1.04 — 37.8/37.4/37.6 
10 NVP 30/29 503/486  0.84/1.07/1.02  37.8/37.1/37.9 
Li NVP, Su 29/24 511/488 = 0.82/1.05/0.93  37.§/37.2/37.6 
12 NVP, Su 30/30 535/516  0.80/0.97 36.8/37.5 
13 VP, Su 30/30 552/538  0.83/0.88 37. 6/37.2 
14 SE, Su 30/30 540/510 0.79/01 36.&/37.5 
15 SE, Ag 30/19 510/498  0.80/0.88 37.£436.9 


retentindememnatenataitct tenn NAAR ltt ree ieee irrien ienr r 


* (B)efore values are averages of the last three studies prior to in ury. {A}fter 
values were obtained during the final study after injury. Studies of ucinjured rats 
were conducted at 30C (B30/A30), while burned animals were studied at 32 and/ 
or 34C (A32/A34). Final studies were performed between the 18th and 23th postburn 
day (PBD) except for groups 5 and 13-15, which were on PBD 8, 12. 16, and 15, 
respectively. Weight, VO, and T, are group means. Standard errors ‘anged from 
+3 to +11 g for weight, from +0.00 to +0.01 ml/hr/g for VO, and fom +0.0 to 
+0.2C for T.. 

t Number of rats in each group. 

VP = seeded with virulent P. aeruginosa. 

NVP = seeded with nonvirulent P, aeruginosa. 

Su = Sulfamylon treated. 

SE = seeded with S. epidermidis. 

Ag = Silvadene treated. 


groups (37.1 + 0.1 to 37.3 + 0.1 C). Animals whose T. 
rose above 38 C usually presented other clinicad signs of 
sepsis and were removed from the study. 

Bacteremic groups lost weight more quickly than did 
nonbacteremic groups (4.50 + 3.12 vs. 1.14+0.17 g/day, 
p < 0.05 unpaired t-test), but this was largely the result 
of group 5 where seeding the wounds with the virulent 
strain of P. aeruginosa resulted in an average w2ight loss 
of 10.75 g/day. Differences in weight loss between non- 
bacteremic and bacteremic groups did not account for 
the difference in VO, however, since there wes no sig- 
nificant difference in body weight between trese two 
groups at the time of final study nor was there a s:gnificant 
correlation between the rate of weight loss and per cent 
increase in VO, for either group. 

Sometime in the second or third week postinjury, VO, 
of the nonbacteremic burn groups could be reduced by 
increasing ambient temperature from 32 to 34 C. In the 
five groups studied at both temperatures betweer. the 18th 
and 25th postburn days (groups 6, 8-11), VO dropped 
from 1.05 + 0.03 to 0.98 + 0.02 ml/hr/g (p < 0.65, paired 
t-test) following this two degree increase in ambient tem- 
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perature. Raising ambient temperature to 36 C increased 
VO, in three of four of these groups. T, followed changes 
in ambient temperature. 

Metabolic effects were evident in the seeded groups be- 
fore bacteria could be detected in the blood. This was best 
demonstrated when burn wounds of four groups of ani- 
mals (groups 9-12) were seeded with the same nonvirulent 
strain of P. aeruginosa. Sulfamylon antimicrobial cream 
was applied daily to the wounds of animals in two of these 
groups (groups 11 and 12) while the other two groups 
were not treated. Treated and untreated groups re- 
mained nonbacteremic, but Sulfamylon treatment re- 
duced the postburn rise in VO, (Fig. 2). The effects of 
treatment were evident in both 32 and 34 C environments. 
The data were first examined by nonlinear regression 
analysis for each group, expressing VO (in ml/hr/g) as a 
function of postburn day (PBD). Mean VO, was 1.02979 
— 0.189489e7 PTO°PBP) for the untreated groups and 
0.928852 — 0.116472e°°?! OXPBP) for the treated groups. 
There was no significant difference in mean VO, of the 
treated groups between PBDs 7-21 (one-way analysis of 
variance and covariance), but in the untreated groups the 
mean VO, of group 9 was greater than that of group 10 
(1.02 vs. 0.97, p < 0.05). Over these 2 weeks, mean VO, 
of the untreated groups was significantly greater than that 
of the treated groups (0.99 vs. 0.92, p < 0.001). 

Sulfamylon treatment also prevented the lethal effects 
of the virulent strain of P. aeruginosa, but these animals 
(group 13) expressed a greater initial rise in O; than did 
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Fic. |. Effects of different levels of infection on the oxygen consumption 
of groups of burned rats. The bacteremic group on the extreme left had 
wounds seeded with a virulent strain of P. aeruginosa while the other 
two groups became bacteremic spontaneously. Oxygen consumption 
values prior to zero postburn day represent group means of the last three 
studies before injury. Studies were conducted at an ambient temperature 
of 30 C before injury and 32 C after injury. 
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Fic. 2. Effects of Sulfamylon® treatment on the oxygen consumption of 
nonbacteremic rats whose wounds had been seeded with a nonvirulent 
strain of P. aeruginosa. Dashed lines are burned studies conducted at 
32 C and solid lines are those at 34 C. Unburned controls were studied 
at 30 C. Oxygen consumption values prior to zero postburn day represent 
group means of the last three studies before injury. 


animals infected with the nonvirulent mutant (Fig. 3). In 
addition, Sulfamylon appeared more effective in limiting 
the increase in VO, with gram negative infection than it 
did with S. epidermidis infection. For example, it reduced 
the metabolic response to the virulent P. aeruginosa by 
the 11th, PBD, while the VO; of treated rats infected with 
S. epidermidis continued to rise. Silvadene was more ef- 
fective in reducing the metabolic cost of S. epidermidis 
infection (Fig. 4). All of these studies were conducted in 
a 32 C environment. 


Discussion 


These results indicate that bacteria and/or their prod- 
ucts contribute to the rise in VO; of the thermally injured 
rat. At an ambient temperature of 32 C, the rise in VO, 
of burned animals varied with the severity of infection, 
rising 40 to 48% above normal in three bacteremic groups 
as compared to 21 and 28% in two untreated nonbactere- 
mic groups (Fig. 1). The response to burn wound bacteria 
first appears as an elevation in VO, without a measurable 
increase in T.. As such, these nonbacteremic burn rats 
were like other animal models with comparable size 
burns.’*® Bacteremic animals were febrile in the 32 C en- 
vironment, but the nonbacteremic animals were not. The 
addition of a febrile drive with advancing infection may 
be responsible for a major portion of the increase in VO, 
of the bacteremic animals. 

Metabolic and febrile responses to invasive burn wound 
infection are well known, but there is a tendency to con- 
sider nonbacteremic patients as “free of infection.” ? The 
present data indicate that such a concept may be mis- 
leading, since localized bacterial contamination of the 
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Fic. 3. Effects of Sulfamylon® treatment (Su) on oxygen consumption 
of nonbacteremic animals whose wounds were either unseeded (B) or 
seeded with different bacteria: virulent P. aeruginosa (VP), nonvirulent 
P. aeruginosa (NVP), or S, epidermidis (SE). Oxygen consumption values 
prior to zero postburn day represent group means of the last three studies 
before injury. Studies were conducted at an ambient temperature of 
30 C before injury and 32 C after injury. 


wound does have systemic metabolic consequences. By 
reducing VO, with topical antimicrobial therapy, we have 
shown that bacteria were responsible for part of the in- 
crease in total body VO, in nonbacteremic burned ani- 
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Fic. 4. Effects of different topical antimicrobial agents (Su = Sulfamylon®, 
Ag = Silvadene®, and X = no treatment) on the oxygen consumption 
of nonbacteremic rats whose wounds had been left unseeded (B) or were 
seeded with S. epidermidis (SE). Oxygen consumption values prior to 
zero postburn day represent group means for the last three studies before 
injury. Studies were conducted at an ambient temperature of 30 C before 
injury and 32 C after injury. 
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mals. The energy cost of localized infection was not a 
function of differences in ambient temperature for it was 
evident at both 32 and 34 C (Fig. 2). Instead, it appeared 
to be determined by the bacterial strain involved, its vir- 
ulence, and the effectiveness of the antimicrobial agent 
used to treat the wound (Figs. 3 and 4). 

Sometime in the second or third week postinjury, VO, 
of the nonbacteremic animals could be reduced by raising 
ambient temperature from 32 to 34 C. This shift in the 
thermal neutral zone is probably a result of increased 
evaporative heat loss from the wound following eschar 
separation.'° Once this occurs, VO. of the burned rat 
(bacteremic or nonbacteremic) in the 32 C environ- 
ment reflects the metabolic costs of injury/infection plus 
those imposed by the added cold drive. The decrease in 
VO, upon moving into a warmer environment indi- 
cates that external heating rather than increased meta- 
bolic heat production was responsible for the associated 
increase in T}. 

Since bacteria are always present in the burn wounds 
of nonbacteremic, hypermetabolic patients, it is legitimate 
to ask whether burn injury itself has any measurable, direct 
effect on the VO, of this model. While it is impossible to 
separate the metabolic effects of infection and injury 
completely, a rough estimate can be made by selecting 
nonbacteremic groups with limited changes in VO. and 
assuming their infection component to be minimal or 
nonexistent. In two such groups, 6 and 11, VO; at 34 C 
increased only 10 and 13% above preburn levels by the 
third week postinjury. In these two groups, T. rose from 
37.3 to 38.0 C and from 37.1 to 37.6 C, respectively. If 
these changes in core temprature are the sole result of 
external heating, how much of the observed change in 
VO, could be explained by the Q10 effect of temperature 
on reaction rates? With the relationship established by 
DuBois,'' a 13% increase in VO for every degree centi- 
grade rise in core temperature, the hypermetabolism of 
these two particular groups might be largely a result of 
experimentally induced hyperthermia. In other words, af- 
ter minimizing the infection component and correcting 
for the Q10 effect, there was little measurable “injury” 
hypermetabolism in this burn model. 

Are those observations in the rat model consistent with 
clinical findings? The energy cost of localized wound bac- 
terial growth is unknown for burned patients, but there 
is every reason to assume that the human response is as 
great as that of lower animals. Nonbacteremic patients, 
for example, are more hypermetabolic and febrile than 
animal models with the same size burn injury. 8101213 
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Humoral factors, which provide a link between wound 
microbes and total body energy metabolism, appear to 
play an important role in the afferent limb of the hyper- 
metabolic response of burn patients.'* Endogenous pyro- 
gen, one such factor related to bacterial contamination, 
has been identified in the sera of nonbacteremic burn pa- 
tients." There was little evidence of pyrogens in the non- 
bacteremic burned rats, but the metabolic consequences 
of this family of endogenous mediators are numerous and 
frequently evident without changes in body temperature. '° 
For example, changes in plasma trace metals commonly 
attributed to the actions of leukocytic endogenous me- 
diator have been found in the same non-bacteremic burn 
model used in this study (Aulick, Burleson, Mason, un- 
published observations). The animal and human data 
taken together suggest that further study is warranted to 
assess the role of bacterial wound contamination in post- 
burn hypermetabolism of nonbacteremic patients. 
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Highly Active Against B. fragilis and 
Other Gram-negative Organisms 


‘Cefizox’ Equal in Clinical Efficacy 
B. fragilis Activity to Tobramycin/Clindamycin 
Comparable to Mefoxin™* for Intra-abdominal Sepsis* 


‘CEFIZOX’ MEFOXIN™ 
References MIC% MICs 
(No. strains) (No. strains) 


Bacteriological Clinical 
Cure Cure 


‘CEFIZOX' (n=29) 90% 90% 
i 


e Fewer serious side effects than: Cefobid"(cefoperazone), Rocephin” (ceftriaxone), 
tobramycin+clindamycin 

e Lower cost of therapyt than: Mefoxin" (cefoxitin), Claforan™ (cefotaxime), 
Cefobid”(cefoperazone), Rocephin" (ceftriaxone), Fortaz” (ceftazidime), 
tobramycin+clindamycin 

e B.1.D. dosing for all but life-threatening infections 





Therapy 










tobramycin+ 
clindamycin 





Outstanding mixed aerobic/anaerobic coverage 


Cefizox iv 


ceftizoxime sodium 





*In vitro activity does not necessarily imply in vivo effectiveness. 
+Includes cost of drug and drug administration on a daily basis. Based on manufacturers’ lowest recommended dose for severe infection. 
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583-590, 1980. 3. Chow, A.W, and Finegold, S.M.: In-vitro activity of ceftizoxime against anaerobic bacteria and comparison with other cephalosporins, J. Antimicrob. 
Chemother. 10 (Suppl. C): 45-50, 1982. 4 Solomkin, J.S., and Lentnek, A.L.: A randomized multicenter trial of ceftizoxime vs. tobramycin/clindamycin for intra-abdominal 
infection, 24th Internat. Conf. Antimicrob. Agents Chemother. (Abstract 957) 1984. 


Please see brief summary of prescribing information on last page of this advertisement. 
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brand of 
sterile ceftizoxime sodium 
and ceftizoxime sodium injection 


Before prescribing, see complete prescribing information in SK&F literature or PDR. The 
following is a brief summary. 

INDICATIONS 

‘Cefizox’ is indicated in the treatment of infections due to susceptible strains of the micro- 
organisms listed below: 


LOWER RESPIRATORY TRACT INFECTIONS caused by Streptococcus sp. including S 
pneumoniae (formerly D. pneumoniae), but excluding enterococci; Klebsiella sp.; Proteus mir- 
abilis; Escherichia coli; Haemophilus influenzae including ampicillin-resistant strains: Staphy- 
lococcus aureus (penicillinase and nonpenicillinase producing); Serratia sp.: Enterobacter Sp; 
and Bacteroides sp. 


URINARY TRACT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Escherichia coli: Pseudomonas sp. including Ps. aeruginosa: Proteus 
mirabilis, F vulgaris; Providencia rettgeri (formerly Proteus rettgeri) and Morganella morganii 
(formerly Proteus morganii}, Klebsiella sp.; Serratia sp. including S. marcescens: Enterobacter sp. 
GONORRHEA. Uncomplicated cervical and urethral gonorrhea caused by Neisseria gonorrhoeae. 
INTRA-ABDOMINAL INFECTIONS caused by Escherichia coli: Staphylococcus epidermidis; 
Streptococcus sp. (excluding enterococci); Enterobacter sp. Klebsiella sp.: Bacteroides sp. 
including B. fragilis: and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 


SEPTICEMIA caused by Streptococcus sp. including S. pneumoniae (formerly D. pneumoniae), 
but excluding enterococci; Staphylococcus aureus (penicillinase and nonpenicillinase produc- 
ing); Escherichia coli; Bacteroides sp. including B. fragilis: Klebsiella sp.: and Serratia sp. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staphylococcus aureus {penicillinase 
and nonpenicillinase producing), Staphylococcus epidermidis; Escherichia coli: Klebsiella 

Sp. Streptococcus sp. including Streptococcus pyogenes (group A beta-hemolytic), but excl uding 
enterococci; Proteus mirabilis; Serratia sp.; Enterobacter sp; Bacteroides sp. including B. 
fragilis, and anaerobic cocci, including Peptococcus sp, and Peptostreptococcus Sp. 

BONE AND JOINT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing): Streptococcus sp. (excluding enterococci}: Proteus mirabilis: Bacteroides 
sp.; and anaerobic cocci, including Pentococcus sp. and Peptostreptococcus sp. 

MENINGITIS caused by Haemophilus influenzae. 'Cefizox' has also been used successfully 

in the treatment of a limited number of pediatric and adult cases of meningitis caused by Strep- 
lococcus pneumoniae. 

‘Cefizox' has been effective in the treatment of seriously ill, compromised patients, including 
those who were debilitated, immunosuppressed or neutropenic. 

Many infections caused by aerobic gram-negative organisms and by mixtures of organisms 
resistant to other cephalosporins, aminoglycosides, or penicillins respond to treatment with 
‘Cefizox’, 

Because of the serious nature of some urinary tract infections due to Ps. aeruginosa and 
because many strains of Pseudomonas species are only moderately susceptible to ‘Cefizoy’, higher 
dosage is recommended. Other therapy should be instituted if the response is not prompt. 
Susceptibility studies on specimens obtained prior to therapy should be used to determine the 
response of causative organisms to ‘Cefizox’. Therapy with ‘Cefizox’ may be initiated pending results 
of the studies; however, treatment should be adjusted according to study findings. In serious 
infections ‘Cefizoy’ has been used concomitantly with aminoglycosides (see Precautions), Before 
using ‘Cefizox’ concomitantly with other antibiotics, the prescribing information for those 
agents should be reviewed for contraindications, warnings, precautions.and adverse reactions. 
Renal function should be carefully monitored. 


CONTRAINDICATIONS 

‘Cefizox’ is contraindicated in persons who have shown hypersensitivity to cephalosporin 
antibiotics. 

WARNINGS 

BEFORE THERAPY WITH ‘CEFIZOX IS INSTITUTED, CAREFUL INQUIRY SHOULD 

BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSEN- 
SITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. 
THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PA- 
TIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 
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Pseudomembranous colitis has been reported with the use of cephalosporins (and other 
broad -spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who 
developed diarrhea in association with antibiotic use. Treatment with broad-spectrum antibiotics 
alters normal flora of the colon and may permit overgrowth of Clostridia. Studies indicate a 
toxin produced by Clostridium difficile is one primary cause of antibiotic-associated colitis. 
Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. Mild cases of 
colitis may respond to drug discontinuance alone. Moderate to severe cases should be managed 
with fluid, electrolyte and protein supplementation as indicated. When the colitis is not relieved 
by drug discontinuance or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C. difficile. Other causes of colitis 
should also be considered. 


PRECAUTIONS 
General: As with all broad-spectrum antibiotics, ‘Cefizox’ should be prescribed with caution in 
individuals with a history of gastrointestinal disease, particularly colitis. 


Although ‘Cefizox’ has not been shown to produce an alteration in renal function. renal status 


should be evaluated, especially in seriously ill patients receiving maximum dose therapy. As 
with any antibiotic, prolonged use may result in overgrowth of nonsusceptible organisms. Care- 
ful observation is essential; appropriate measures should be taken if superinfection occurs. 
Drug Interactions: Although the occurrence has not been reported with ‘Cefizox’ nephrotox- 
icity has been reported following concomitant administration of other cephalosporins and 
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Effect of Analgesic Drugs on the Electromyographic 
Activity of the Gastrointestinal Tract and Sphincter 
of Oddi and on Biliary Pressure 





JULIO C. U. COELHO, M.D., PH.D. 
NORBERT SENNINGER, M.D. 


Continuous biliary pressure and electromyographic activity of 
the sphincter of Oddi and gastrointestmal tract were recorded 
in conscious opossums following administration of analgesic 
drugs. Morphine, meperidine, and pentarocin increased signif- 
icantly the duration of the migrating motor complex (MMC) 
cycle. Periods of 1-2 minutes of intense burst of spike potentials 
were seen in the sphincter of Oddi and duodenum following ad- 
ministration of morphine (8 experiments), meperidine (6 exper- 
iments), and pentazocin (3 experiments). The biliary pressure in 
the control studies was similar to that following administration 
of all analgesics in the animals with gallbladder and following 
instillation of tramadol, matamizol, and acetylsalicylic acid in 
animals with no gallbladder. However, the biliary pressure was 
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significantly higher following administration of morphine, me- — 


peridine, and pentazocin in the animals with no gallbladder. It 
is concluded from this study that morphine, meperidine, and 
pentazocin may cause important disturbances in the motility of 
the sphincter of Oddi and gastrointestinal tract. These myoelec- 
tric disturbances may cause an increase in the biliary pressure 
in animals that have been subjected to cholecystectomy, but not 


in animals with intact gallbladder. The gallbladder may accom- ~ 


modate the bile produced by the liver during periods of sphincter 
of Oddi dysfunction and thas impede an increase in the biliary 
pressure. 


HE EFFECT of analgesics on the motility of the 
sphincter of Oddi and gastrointestinal tract is still 
poorly understood. It is well known that narcotics 

cause disturbance of the motility of the gastrointestinal 
tract and spasm of the sphincter of Oddi with secondary 
increase in the biliary pressure. However, the effect of 
narcotics on the sphincter of Oddi has been evaluated 
only by indirect methods, i.e., manometric, flowmetric, 
cineradiographic, and radionuclide techniques.*!! 
Recently, electromyography has been employed to 
study the dynamics of the sphincter of Oddi.!?"'* This 
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technique provides a more direct evaluation of the 
sphincter of Oddi and permits quantitation of electro- 
myographic activity changes after various stimuli. It has 
been demonstrated that, although the motility of the 
sphincter of Oddi is different from that of the duodenum, 
there is a correlation between the frequency of bursts of 
spike potentials in the two places. '** Therefore, it is im- 
portant to assess the effect of drugs on the motility of the 
sphincter of Oddi and duodenum simultaneously. The 
effect of narcotics on the electromyographic activity of 
the sphincter of Oddi as well as a correlation between the 
motility of the sphincter and gastrointestinal tract follow- 
ing administration of these drugs has not been evaluated. 
The present investigation was performed to study the effect 
of most commonly used analgesic drugs on the electro- 
myographic activity of the gastrointestinal tract and 
sphincter of Oddi and on biliary pressure. 


Methods 


Seven opossums of either sex weighing 2.5 to 3.2 kg 
were anesthetized with intraperitoneal administration of 
25 mg of sodium pentobarbital per kg. Upper midline 
laparotomy was performed. 

The opossum. was selected for this study because its 
sphincter of Oddi is mainly extraduodenal and measures 
2-3 cm in length, and, therefore, dissection of the pancreas 
and duodenum is not necessary to implant electrodes. Its 
main pancreatic duct, as in the human, joins the common 
bile duct at the proximal portion of the sphincter of Oddi 
to form a common channel. In addition, this animal lies 
quietly jor many hours without the need of restraints, and 
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it exhibits a myoelectric activity of the gastrointestinal 
tract similar to man. 

A PE-50 polyethylene tube was placed in the common 
bile duct through a small bile duct that connects the right 
lateral lobule of the liver with the common duct. A total 
of seven pairs of bipolar extracellular electrodes were im- 
planted, two pairs in the sphincter of Oddi and one pair 
each in the duodenum, proximal jejunum, midjejunum, 
terminal jejunum, and terminal ileum. In the sphincter 
of Oddi, the electrode pairs were placed 1 and 2 cm prox- 
imal to the sphincter of Oddi-duodenal junction. The 
electrodes consisted of silver-plated copper wire insulated 
with Teflon®. 

A Silastic® catheter was placed into the jugular vein for 
administration of drugs. The catheter and the wires were 
passed subcutaneously to the interscapular region and 
stitched to the skin. The wires were previously soldered 
to a female socket. 

Experiments were started 7-10 days after the operation 
and were performed on conscious, nonmedicated animals. 
The opossums were fasted for 12 hours before each study. 
Electromyographic activity and biliary pressure were re- 
corded on an eight-channel Gould Brush instrument 
(Gould Inc., Recording Systems Division, Cleveland, OH) 
using a paper speed of 1 mm/sec, low frequency cut-off 
filter of 0.5-1.0 Hz, high frequency cut-off filter of 10-30 
Hz, and an overall sensitivity of 25 to 50 mV. For each 
recording session, a male socket connected to the record- 
ing instrument was plugged into the opossum’s socket. 

The biliary catheter was attached to the recording in- 
strument through a Gould pressure transducer. The cath- 
eter was perfused with 0.9 sodium chloride solution at a 
constant rate of 0.05 ml/min, employing a glass capillary 
infusion system (C.F.S. Intraflo II, Sorenson Research Co. 
Inc., Salt Lake City, UT). 

To eliminate the pressure secondary to the resistance 
of water flow into the tube, another catheter equal to that 
placed into the opossum’s biliary duct was perfused with 
sodium chloride solution at a flow rate of 0.05 ml/min. 
The tip of the external catheter was placed at the same 
height as the tip of the biliary catheter while the opossum 
was lying on its abdomen. The pressure recorded from 
the external catheter was considered to be zero level. 

The sensitivity of the pressure recording system was 
tested by elevating the tip of the external catheter 10 cm. 
This caused an increase in pressure of 7.5 mmHg. The 
time constant at flow rate of 0.05 ml/min was 1.61 sec- 
onds. The time constant was defined as the time in seconds 
for the pressure to rise to two-thirds of 10 mmHg. 

After one to two spontaneously occurring migrating 
motor complexes (MMCs) had been recorded as control, 
a bolus intravenous administration of an analgesic drug 
was performed 15 minutes after the beginning of phase I 
of the MMC in the duodenum. The following substances 
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and doses were studied: morphine hydrochloride, 0.2 mg/ 
kg (E. Merck, Darmstadt, FRG); meperidine, 1.0 mg/kg 
(Hoechst AG, Frankfurt at Main, FRG); pentazocin, 0.5 
mg/kg (Winthrop GmbH, Neu-Isenburg, FRG); tramadol 
hydrochloride, 2.0 mg/kg (Griinenthal GmbH, Stolberg, 
FRG); sodium metamizol, 20 mg/kg (Hoechst AG, 
Frankfurt am Main, FRG) and acetylsalicylic acid, 10 
mg/kg (Bayer AG, Leverkusen, FRG). A total of 14 ob- 
servations was obtained for each drug. Each substance 
was administered two times in each animal with an in- 
terval of at least 3 days between the infusions. Morphine 
at 0.2 mg/kg was also administered 10 minutes after the 
beginning of phase II of the MMC in the duodenum in 
seven additional experiments. Following administration 
of each substance, at least two additional MMCs were 
recorded. 

Later, five of the seven opossums were subjected to 
cholecystectomy to evaluate the effect of analgesics on the 
biliary pressure of animals with no gallbladder. The re- 
cordings and the administration of the drugs were per- 
formed as previously described. 

The MMC is a characteristic pattern of motility of the 
gut observed during the fasting state in man, opossum, 
dog, and other animals, which migrates the gastrointestinal 
tract cyclically from the stomach to the terminal ileum. 
For analysis of the myoelectric recordings, the MMC was 
divided into four sequential phases, as suggested by Code 
and Marlett.'’ Phase I is the quiescent phase in which 
occasional or no spike potentials are observed. Phase II 
consists of irregular spike potentials that increase in fre- 
quency and intensity throughout the phase. Phase III is 
characterized by regular spike potentials of high amplitude 
that accompany 100% of the slow waves. During phase 
IV, the frequency and amplitude of action potentials rap- 
idly decrease to start a new migrating motor complex. 
While slow waves are always present and are not associated 
with muscle contraction, spike potentials are not usually 
continuous, are followed by muscle contraction, and are 
superimposed on slow waves, 

Honda et al. and Coelho et al. have shown that there 
is a temporal correlation between the MMC phases in the 
duodenum and sphincter of Oddi.'*'* All phases in the 
sphincter of Oddi start almost simultaneously with the 
MMC phases in the proximal duodenum. Therefore, the 
myoelectric activity of the sphincter of Oddi was also di- 
vided into four phases. The myoelectrical tracings were 
divided into 2-minute intervals, and the average frequency 
of slow waves with superimposed spike potentials during 
the entire duration of each phase of the MMC in the 
sphincter of Oddi and duodenum was determined. The 
duration of each MMC phase in the duodenum was also 
calculated. The duration of the entire MMC was deter- 
mined by measuring the time interval between two con- 
secutive phases III in the duodenum. The effect of the 
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Fic. 1. Electromyographic 
recording of the sphincter of 
Oddi of an opossum 20 min- 
utes after administration of 
morphine at 0.2 mg/kg, 
showing a 2-minute intense 
spike activity (between ar- 
rows). 


drugs was analyzed statistically by means of the Student's 
two-tailed, paired t-test, and the difference among the 
drugs was determined by analysis of variance. In the text, 
the values are expressed as mean + standard deviation. 


Results 
Myoelectric Activity 


Administration of all analgesics did not disrupt the 
MMC cycle. All four phases of the MMC could be easily 
identified in the sphincter of Oddi and gastrointestinal 
tract, and phase III migrated from the duodenum to the 
terminal ileum. However, periods of 1-2 minutes of in- 
tense spike activity were observed simultaneously in the 
sphincter of Oddi (9.7 + 1.7 bursts of spikes/min) and 
duodenum (13.4 + 2.3 bursts of spikes/min) during phase 
Il of the MMC following administration of morphine in 
eight experiments (57.1%), meperidine in six (42.9%), and 
pentazocin in three (21.4%) (Fig. 1). These periods of in- 
tense spike activity did not migrate distally to the jejunum. 
Tramadol, metamizol and acetylsalicylic acid did not 
cause these periods of intense spike activity. 
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The frequency of bursts of spike potentials of each 
MMC phase in the duodenum and sphincter of Oddi and 
the duration of the MMC cycle in the duodenum, both 
before and after administration of the analgesics, are 
shown in Tables 1 and 2. Morphine, meperidine, and 
pentazocin caused a significant increase in the frequency 
of bursts of spikes in the duodenum during phase II of 
the MMC (p < 0.01). Morphine caused a higher increase 
than meperidine and pentazocin (p < 0.05), but the in- 
crease in the frequency of bursts of spikes was similar for 
meperidine and pentazocin. Tramadol, metamizol, and 
acetylsalicylic acid did not change the frequency of bursts 
of spikes in the duodenum and the duration of the MMC 
cycle. Although there was a temporary increase in the 
spike activity in the sphincter of Oddi during the 1-2 
minute periods of intense spike activity, there was no 
change in the frequency of bursts of spike potentials in 
the sphincter of Oddi during the entire duration of each 
MMC phase following administration of all analgesics. 

Morphine, meperidine, and pentazocin caused an in- 
crease in the duration of the MMC cycle (p < 0.01) (Table 
1). The prolongation of the MMC cycle was due to an 


TABLE 1. Myoelectric Activity of the Duodenum before and after Administration of Analgesics 


Frequency of Bursts of Spikes 
(bursts of spikes/min) 





Analgesic Phase If Phase II 

Morphine 

Before 0 3.9 + 1.4 

After 0 6.1 + 1.0* 
Meperidine 

Before 0) 3.3+0.7 

After 0 4.5 + 0.9* 
Pentazocin 

Before 0 3.3+0.5 

After 0 4.3 + 0.6* 
Tramadol 

Before 0 3.3 +0.7 

After 0 3.8 + 1.0 
Metamizol 

Before 0 35.2 E51 

After 0 3.6 + 0.9 
Acetylsalicylic acid 

Before 0 3.2 + 0.6 

After 0 3.6 + 0.5 


Cycle Durationt 


y yu cn a aa A r a aee 


* Indicates that this value is significantly greater than the corresponding 
value above at the 1% level, p < 0.01. 


Phase HI Phase IV (min) 
17.1 + 0.7 45+ 1.0 86.3 + 16.6 
17.1 +08 4.0 + 1.5 167.1 + 18.1* 
17.2 + 0.6 4.7213 88.3 + 8.5 
17.3 +0.7 4241.5 143.4 + 18.5* 
17.0 + 0.8 3.9 + 1.2 81.7 + 13.6 
16.6 + 0.7 4.6 + 1.2 129.1 + 18,9* 
17.4 + 0.6 4.1+ 1.4 87.0 + 13.9 
17.6 + 0.6 48+ 1.) 85.9 + 14.3 
17.1 +0.9 4.34 1.2 86.4 + 9.7 
17.1 + 0.7 44+ 1.2 85.3 + 18.1 
17.2+0.8 42+ 1.3 84.6+ 7.8 
16.8 + 0.9 4.7+1.2 87:1: +. 9,3 
+ Duration of the MMC. 


+ Phases of the migrating motor complex (MMC). 
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TABLE 2. Myoelectric Activity of the Sphincter of Oddi before and after 
Administration of Analgesics 


Frequency of Bursts of Spike Potentials 


(bursts of spikes/min) 

Analgesic Phase I* Phase II Phase III Phase IV 
Morphine 

Before 12+0.6 3.2 + 0.7 49+ 0.5 2.9+0.5 

After 1.6 + 0.5 3.3 + 0.7 46+0.4 3.3+0.5 
Meperidine 

Before 1.6+0.7 Sa 07 5.0 + 0.6 3.2 + 0.4 

After 1220.5 3.5+0.8 53 0.5 3.3 t 0.4 
Pentazocin 

Before Li+07 3.7 40.8 4.6 + 0.6 3340.5 

After 14+0.5 3.2+0.3 42+0.3 3.0 + 0.3 
Tramadol! 

Before 14+0.9 3.8 + 0.6 4.6 + 0.4 3.0 + 0.4 

After 13+0.6 3.2 + 0.9 46+0.4 28 +03 
Metamizol 

Before 10.5 3.1 + 0.6 4.5+0.6 2.8+0.4 

After 1.4+ 0.8 3.4+0.5 4.1 + 0.6 3.2 + 0.6 
Acetylsalicylic 

acid 
Before 10+ 0.5 3.3+0.4 44+0.4 2.9 + 0.4 
After 14+0.8 3.6 + 0.4 47+0.4 3.2+0.4 





* Phases of the migrating motor complex (MMC). 





increase in duration of both phases I and II. The increase 
in the duration of the MMC cycle was longer for morphine 
than for meperidine and pentazocin (p < 0.01), and it 
was similar for meperidine and pentazocin. Administra- 
tion of morphine during phase II of the MMC also pro- 
longed the duration of the MMC cycle to 152.4 + 14.7 
minutes (control 88.7 + 11.9 minutes; p < 0.01). 


Biliary Pressure 


In most experiments, pressure oscillations of 1~3 
mmHg were observed simultaneously with respiratory 
movements and with each burst of spike potentials in the 
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sphincter of Oddi (Fig. 2). Although the basal pressure 
remained constant during the four phases of the MMC, 
there was a variation of the number of pressure oscillations 
related with the frequency of bursts of spike potentials in 
the sphincter of Oddi among the four phases of the MMC. 
There were no changes in the mean biliary pressure during 
the periods of intense spike activity in the sphincter of 
Oddi and duodenum. 

The mean biliary pressure before and following ad- 
ministration of analgesic drugs in the animals with and 
without gallbladder is shown in Table 3. There was no 
significant change in the biliary pressure following ad- 
ministration of all analgesics in the animals with gall- 
bladder. However, the biliary pressure was significantly 
higher following administration of morphine, meperidine, 
and pentazocin in the animals that were subjected to cho- 
lecystectomy (p < 0.01) (Fig. 3). There was no difference 
in pressure elevation between morphine, meperidine, and 
pentazocin. The biliary pressure remained constant fol- 
lowing administration of tramadol, metamizol, and ace- 
tylsalicylic acid in the animals with no gallbladder. 


Discussion 


Multiple-balloon kymographic recording studies have 
shown that morphine and related drugs cause an increase 
of the nonpropulsive type of rhythmic segmental con- 
tractions and a decrease of propulsive contractions of the 
gut.'® Our electromyographic study confirms these find- 
ings. We observed an increase in the myoelectric activity 
of phase H, which is associated with nonpropulsive seg- 
mental contractions of the gut. Both the frequency of 
bursts of spike potentials and the duration of phase II 
were increased. In addition, periods of intense spike ac- 
tivity were occasionally recorded during this phase. The 
frequency of phase III, which is associated with peristaltic 
contractions, was decreased. These changes were more 


Fic. 2. Simultaneous record- 
ing of the electromyographic 
activity of the sphincter of 
Oddi and biliary pressure of 
an opossum. Temporary ele- 
vation of the biliary pressure 
with each sphincter of Oddi 
spike potential is illustrated 
(arrows). 
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intense with morphine than with meperidine and pen- 
tazocin. The reduction of phase III frequency observed 
following administration of morphine, meperidine, and 
pentazocin may be a contributory factor in the ethio- 
pathogenesis of intestinal constipation caused by these 
drugs. In fact, decrease of propulsive contractions of the 
stomach and small intestine is thought to be responsible 
for most of the constipating effect of morphine.'’ Stewart 
et al. reported that morphine decreased the transit of ra- 
dioactive material in the small intestine of rats.'* 

Sarna et al. have observed appearance of phase I-like 
activity in the gastrointestinal tract following administra- 
tion of morphine during phase II of the MMC, but not 
during phase I in dogs.'? We have observed no appearance 
of phase Ill-like activity following administration of mor- 
phine either during phase I or H of the MMC. However, 
we have recorded periods of intense spike activity that 
were of shorter duration than phase III. This difference 
may be related to the different species employed.'? 

Several studies have been conducted to evaluate the 
effect of analgesics on biliary pressure.°"'' These studies 
have suggested that therapeutic doses of morphine, me- 
peridine, and pantazocin may cause a marked increase 
in pressure in the biliary tract. Most of these studies were 
performed after cholecystectomy or following catheter- 
ization and obstruction of the cystic duct.’~’° In addition, 
infusion of large volumes of fluids into the small bile ducts 
employed in some of these studies may have caused ar- 
tificial elevation of the biliary pressure. Only closure of 
the sphincter of Oddi, without concomitant increase in 
bile production or infusion of extraneous fluids, does not 
increase the pressure in the biliary tree. It is well estab- 
lished that morphine does not increase bile secretion." 
Therefore, we decided to evaluate the effect of analgesics 
on the biliary pressure of animals with and without gall- 
bladder, employing a very sensitive method of pressure 
recording that requires infusion of only minimal amounts 
of fluid. 


Fics. 3A and B. Biliary pres- 
sure recordings of an opos- 
sum 10 minutes after admin- 
istration of morphine at 0.2 
mg/kg in two different ex- 
periments, before (recording 
A) and after (recording B) 
cholecystectomy. The mean 
biliary pressure remained 
constant in the experiment in 
which the gallbladder was in- 
tact, but the pressure in- 
creased gradually in the ex- 
periment following cholecys- 
tectomy. 
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TABLE 3. Biliary Pressure before and after Administration of 
Analgesics in Animals with and without Gallbladder 


Biliary Pressure (mmHg) 

Analgesic With Gallbladder Without Gallbladder 
Morphine 

Before 13.3 + 2.1 13.2 + 2.3 

After 13.8 + 2.2 1 a aoa Oe ag 
Meperidine 

Before 12.4 + 2.2 12.9 + 2.3 

After 13.6 t 2.2 16.2 + 1.9* 
Pentazocin 

Before 13.1 £2.8 13.1 + 2.9 

After 23625 170421" 
Tramadol 

Before 13.3 + 2.4 12.4 + 2.6 

After 12.6 + 2.4 13.3 + 2.5 
Metamizol 

Before 12.0 + 2.3 13.3 + 2.3 

After 12.9 + 2.6 11.9 + 2.3 
Acetylsalicylic 

acid 
Before 13.2+2.3 12.7 £2.3 
After 13.1 £2.0 13.1 + 2.5 


oe nen uence —sniinaemetiaeeietntttetatttttttLNttt TNT ttt CNTR 


* Indicates that this value is significantly greater than the corresponding 
value above at the 1% level, p < 0.01. 


We have observed no significant biliary pressure change 
following administration of analgesics when saline solu- 
tion was infused at 0.05 ml/min in animals with intact 
gallbladder. The gallbladder is probably able to accom- 
modate the bile produced by the liver during periods in 
which the sphincter of Oddi is closed and thus impede 
pressure increase in the biliary tract. However, the biliary 
pressure was significantly higher following administration 
of morphine, meperidine, and pentazocin in opossums 
that had been subjected to cholecystectomy. These find- 
ings suggest that administration of morphine, meperidine, 
and pentazocin to subjects with no gallbladder or no 
functioning gallbladder, such as in instances of acute or 
chronic cholecystitis and acute pancreatitis, may cause an 
increase in biliary pressure. 
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It is concluded from this study that morphine, meper- 
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idine, and pentazocin may cause important disturbances 
of the motility of the sphincter of Oddi and gastrointestinal 
tract. Following administration of morphine, meperidine, 
and pentazocin, the biliary pressure increases in animals 
that have been subjected to cholecystectomy, but not in 
animals with intact gallbladder. It is possible that a func- 
tioning gallbladder may impede an increase in biliary 
pressure during periods of dysfunction of the sphincter of 
Oddi by accommodating the bile produced by the liver. 
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Pancreatic-Duct Reflux and Acute 
x Gallstone Pancreatitis 





CHRISTOPHER P. ARMSTRONG, F.R.C.S. T. V. TAYLOR, M.D., CH.M., F.R.C.S. 





A consecutive series of 614 operative cholangiograms was studied 
prospectively to determine the relationship of pancreatic-duct 
reflux to a previous history of acute galistone pancreatitis. Of 
53 patients who had previously had pancreatitis, 33 had pan- 
creatic-duct reflux on their cholangiogram (62.3%), whereas, of 
561 patients with no history of pancreatic disease, pancreatic- 
duct reflux was seen in only 82 (14.6%). In patients with a history 
of pancreatitis, reflux occurred into a wider pancreatic duct, at 
a greater angle between the bile and pancreatic ducts, and was 
associated with a longer functioning common channel. The wider 
cystic duct, wider common bile duct, and multiple small stones 
seen in patients with previous pancreatitis and pancreatic-duct 
reflux were suggestive of gallstone migration being associated 
with reflux. There was no. correlation between pancreatic-duct 
reflux and the presence of choledochal calcull. Two patients de- 
veloped recurrent severe pancreatitis after pancreatic-duct reflux 
of infected bile. Patients with gallstone pancreatitis appear to 
have an increased tendency for pancreatic-duct reflux that is 
mechanically facilitated by differences in the choledocho-pan- 
creatic duct anatomy. 


CUTE GALLSTONE PANCREATITIS (AGP) is a 
A common disease with a mortality rate of 10- 
15%.! Although the pathogenesis of AGP re- 

mains contentious, there is considerable evidence that bile 
or duodenal reflux is responsible. Such reflux may be re- 
sultant on a gallstone migrating through the ampulla of 
Vater into the intestine.>° Recent reports™!! have found 
a high incidence of pancreatic-duct reflux on the operative 
cholangiograms of patients undergoing biliary surgery for 
AGP and have suggested that this might well point to an 


Important mechanical initiator of pancreatitis. There has, 


however, been little evaluation of the reflux itself. This 
study was designed to investigate prospectively the asso- 
ciation between AGP and pancreatic-duct reflux and to 
identify factors that might predispose to reflux in such 
patients. 


Reprint requests: T. V. Taylor, M.D., Department of Surgical Gas- 
troenterology, The Royal Infirmary, Oxford Road, Manchester, England 
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From the Department of Surgical Gastroenterology, The 
Royal Infirmary, Manchester, England 


Patients and Methods 


The series consists of a prospective study of 614 con- 
secutive patients who underwent cholecystectomy and 
operative cholangiography for biliary lithiasis in two sur- 
gical units, the Department of Surgical Gastroenterology, 
Manchester Royal Infirmary, and the Department of 
Clinical Surgery, Edinburgh Royal Infirmary. These op- 
erations were carried out by the same surgical team, and 
similar cholangiographic techniques were used in each 
case. There were 177 males and 437 females, with a me- 
dian age of 52 years (range: 15-84). All patients had tech- 
nically satisfactory operative cholangiograms, which were 
performed prior to opening the common bile duct by cys- 
tic duct cannulation (482) or by needle puncture of the 
common bile duct: (132). The technique of cholangiog- 
raphy depended on the surgeon’s preference; in a few 
cases, however, where difficulties were encountered in 
cannulating the cystic duct, needle puncture was carried 
out. Three films were obtained after the injection of 3, 8, 
and 16 ml of 25% “hypaque”; the dye was injected slowly 
to avoid a sudden increase in pressure. Every patient who 


- underwent exploration of the common bile duct after the 


initial cholangiogram had a completion cholangiogram 
before the abdomen was closed and a T-tube cholangio- 
gram was performed at 8 days. Cholangiograms were 
made with the patient lying supine on the operating table 
without tilting or the use of pillows. All cholangiograms 
were assessed by a single observer who was unaware of 
the final diagnosis. Muscular relaxants were used during 
the operation, drugs likely to cause sphincter spasm were 
avoided, and amy] nitrate was never used when drainage 
into the duodenum did not occur. 

Acute gallstone pancreatitis was defined as a definite 
attack of clinical acute pancreatitis, biochemically proven 
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FIG. 1. Measurements of biliary tract taken from the operative cholan- 
giogram. 1 = Diameter cystic duct. 2 = Diameter common bile duct, 3 
= Angle of reflux. 4 = Diameter of pancreatic duct. 5 = Length of 
common channel. 


by a serum amylase concentration of over 1000 IU/L, 
with gallstones found at operation in the absence of other 
etiological factors such as alcohol. No operations were 
performed within | week of the onset of an attack of gall- 
stone pancreatitis; our initial policy had been to operate 
6 weeks after resolution of pancreatitis, later this changed 


TABLE 1. Clinical Features of Patients with and without Acute 
Gallstone Pancreatitis 


No Pancreatitis 


Pancreatitis (controls) 
Number 53 561 
Age (median) 54 52 
Male 25 (47%) * 152 (27%) 
Female 28 (53%) 409 (73%) 
Jaundice 11 (21%) 131 (23%) 
Common bile 

duct stones 16 (30.2%) + 92 (16.4%) 


Exploration of the 
common bile 
duct 26 * 115 
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* p < 0.001. ł p < 0.02. 
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to earlier surgery but the attack of pancreatitis had always 
resolved clinically prior to surgery. The presence of pan- 
creatic-duct reflux was determined from the operative 
cholangiogram. When reflux occurred, a record was made 
of the greatest extent of reflux, the diameter of the pan- 
creatic duct, the angle between the pancreatic and com- 
mon bile ducts, and the length of the common channel 
(Fig. 1). Measurements were performed to the nearest 
millimeter using a caliper and the angle of reflux measured 
with a protractor to the nearest degree. Careful note was 
also made of the diameters of the cystic and common bile 
ducts, duodenal filling, and the presence of common bile 
duct calculi. At the end of the operation, the gallbladder 
was opened and the number of calculi coded as greater 
or less than 10. The size of the smallest gallstone was 
measured by caliper to the nearest millimeter. 

Bile cultures were only routinely performed in those 
undergoing duct exploration; all of these patients and any 
other jaundiced patients received parenteral antibiotics, 
most commonly a cephalosporin. 

Pancreatic-duct reflux was further assessed on comple- 
tion and T-tube cholangiographic films to determine the 
consistency of reflux and its relationship to choledochal 
and ampullary pathology. All results were entered into a 
computer and statistical analysis was performed by the 
Department of Computation, University of Manchester. 
The analytical tests used were chi square, Fisher’s exact 
test, and the Mann-Whitney U test. 


Results 


Fifty-three of the patients (8.6%) had a previous attack 
of acute gallstone pancreatitis; 561 patients had no history 
of pancreatic disease and were termed controls. The clin- 
ical features of the patients with and without AGP are 
shown in Table 1. It should be noted that a previous attack 
of pancreatitis was significantly more common in males 
(p < 0.001), and a greater proportion of patients with 
pancreatitis had common bile duct stones (p < 0.02) and 
underwent exploration of the duct (p < 0.001). No dif- 
ference in the results existed between the two techniques 
employed at operative cholangiography, and diameter of 
the common bile duct was not significantly different be- 
tween the first and the third film taken. 

Pancreatic-duct reflux was noted on the cholangiograms 
of 115 patients (18.7% of total) and was equally common 
in males (21.5%) and females (17.6%). Of the 53 patients 
with a previous history of AGP, 33 (62.3%) had pancreatic- 
duct reflux on their operative cholangiograms in contrast 
to only 82 of 561 control patients (14.6%). This difference 
was highly significant; x? = 72.22, p < 0.0001. Sixteen of 
38 male patients with pancreatic-duct reflux had previ- 
ously had AGP, compared with 17 of 77 females (x? 
= 4.99, p < 0.05). The features of the 115 patients with 
pancreatic-duct reflux are illustrated in Table 2. Pan- 
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TABLE 2. Features of Patients with Pancreatic-Duct Reflux (N = 115) 


No Pancreatitis 
Pancreatitis (controls) 
Number 33 82 
Age (median) 54 * 46 
Male 16 (48.5%) t 22 (26.8%) 
Female ` 17 (51.5%) 60 (73.2%) 
Jaundice 6 N.S. 20 
Common bile duct 
stones 15 f 9 


* p < 0.02. t p < 0.01. p < 0.001. N.S. = not significant. 


creatic-duct reflux occurred in patients with previous AGP 
in an older age group, more commonly in males and more 
often in association with common bile duct stones than 
in controls. 

Pancreatic-duct reflux in patients with previous AGP 


was associated with a wider common bile duct than in . 
> controls (Table 3). Twenty-two of 33 patients with AGP. 


had a common bile duct wider than -10.mm in contrast 
to 14 of 82 control patients (x? = 26.9, p < 0.001). The 
cystic duct was also markedly wider in patients with pre- 
vious AGP. There was no difference in the numbers of 
gallbladder stones and the mean size of the smallest stone 
was similar in the two groups of patients. However, 28 of 
33 patients with previous AGP. had stones of less than 3 
mm compared to 54 of 82 controls (x? = 4.15, p < 0.05). 
Fourteen patients with pancreatic-duct reflux had no 
duodenal filling on any of the cholangiographic films, 
seven with previous AGP and seven controls. 

The features of pancreatic-duct reflux itself are shown 
in Table 4. The mean extent of pancreatic-duct reflux was 
similar in the two groups of patients. There was, however, 
a wide variation of measurements, which ranged from 5 
to 140 mm in both groups. The pancreatic-duct was 
markedly (p < 0.001) wider and the angle of reflux greater 


- (p < 0.02) in patients with previous AGP. Pancreatic- 


duct reflux occurred in patients with previous AGP in 
association with a longer common channel than in con- 
trols. Twenty-four of 33 patients with AGP had a common 
channel of greater than 5 mm compared to 16 of 82 of 
the control patients (x? = 29.4, p < 0.001). Examples of 
pancreatic-duct reflux are shown in Figures 2—4. 
Correlation of pancreatic-duct reflux on completion 
and T-tube cholangiography is shown in Table 5. Three 
patients with previous AGP, who had pancreatic-duct re- 
flux on their original cholangiograms, demonstrated no 
evidence of reflux on completion cholangiography after 
removal of choledochal stones. The same finding was 
noted in three patients without pancreatitis. Seven patients 
with previous AGP and six controls, who had pancreatic- 
duct reflux on their original cholangiograms, showed no 
evidence of reflux on T-tube cholangiography. It is note- 
worthy that two patients, with previous AGP, demon- 
strated pancreatic-duct reflux on their T-tube cholangio- 


PANCREATIC-DUCT REFLUX 61 


TABLE 3. Features of Biliary Tract in Patients with 
Pancreatic-Duct Reflux (N = 115) 


No Pancreatitis 
Pancreatitis (controls) 

Number 33 82 
Diameter of common - 

bile duct (mm) 11.4 + 3.66* Tt 8.5 + 2.81 
Diameter of cystic 

duct (mm) 5.14 + 1.65 Tt 3.4 + 1.47 
Size of smallest 

gallbladder stones - 

(mm) 3.0 + 3.85 N.S. 3.84 + 3.48 
Number of >10 

gallbladder stones 23 N.S. 45 
No duodenal filling 7 N.S. 7 


* Mean + S.D. t p < 0.001. N.S. = not significant. 


grams, although there was no evidence of reflux on the 
original operative films. Where reflux occurred on the 
T-tube cholangiograms, measurement of the various pa- 
rameters gave similar results to those obtained from the 
initial films. 

Two patients with previous AGP developed postoper- 
ative recurrence of their pancreatitis, one after simple 
cholecystectomy, and one died following transduodenal 
sphincterotomy. Both patients showed marked pancreatic- 
duct reflux and their bile cultures demonstrated a heavy 
growth of coliform organisms. One control patient, who 
did not have pancreatic-duct reflux, developed postop- 
erative pancreatitis following a transduodenal sphincter- 
otomy. 


Discussion 

Although ‘gallstones are responsible for over half the 
cases of acute pancreatitis seen in the United Kingdom, 
only a small number of those with gallstones will develop 
pancreatitis. In this study, 8.6% of an unselected group 
of patients with gallstones developed pancreatitis, a slightly 
higher incidence than has been reported.'* Migration of 
small calculi from the gallbladder down the common bile 
duct and through the ampulla into the duodenum is an 


TABLE 4. Pancreatic-Duct Reflux in the Two Groups of Patients 


No Pancreatitis 
Pancreatitis (controls) 
(N = 53) (N = 561) 

Pancreatic duct reflux 33 (62.3%) : 82 (14.6%) 
Extent of reflux (mm) 33.5 + 19! N.S, 35.7 + 29 
Diameter of 

pancreatic duct 

(mm) 49+ 1.0 t 264 13 
Angle of reflux (°) 40 +12 t 21- £15 
Length of common 

channel (mm) 8 (4-16) § 4 (2-44) 


* p < 0.0001. tp < 0.001. tp < 0.02. § p < 0.01. "Mean + S.D., 
median with range. N.S. = not significant. 
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attractive explanation for the mechanical induction of 
acute gallstone pancreatitis. Such migration may be as- 
sociated with biliary or duodenal reflux into the pancreatic 
duct and thus initiate pancreatic inflammation. Although , 
pancreatic-duct reflux is observed on 15 to 35% of oper- 
ative cholangiograms, its importance has, until recently, 
remained debatable.”!?-'> Pancreatic-duct reflux is more 
commonly observed on the operative cholangiograms of 
patients undergoing surgery for AGP, as is shown in a 
summary of reported figures in Table 6.7-'''®!® The find- 
ings in this study are in close agreement, as 62.3% of pa- 
tients with previous pancreatitis showed pancreatic-duct 
reflux in contrast to only 14.6% of controls. Operations 
performed in the acute phase of pancreatic inflammation 
are accompanied by a much lower incidence of pancreatic- 
duct reflux, which may be resultant on ampullary and 
pancreatic duct edema.!?~?! 

It is of interest that more patients with previous pan- 
creatitis were male than in the control group. Although 
the reason for this observation is unclear, it has been pre- 
viously reported’ and may relate to a different anatomical 
disposition of the sphincteric muscle. The cystic and 
common bile ducts were wider in those patients who 
demonstrated pancreatic-duct reflux when there was a 
history of acute pancreatitis. These features confirm earlier 





reports''’* and may predispose such patients to gallstone 
FiG, 2. Operative cholangiogram. Pancreatic-duct reflux down whole migration. While it may be tempting to assume that the 
length of duct. Common channel = 36 mm, angle of reflux = 28°. wider common bile duct is casually associated with in- 
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Fic. 3. Operative cholangio- 
gram. Pancreatic-duct reflux 
in association with stones in 
the common bile duct. 
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Fic. 4. T-tube cholangiogram. Pancreatic-duct reflux. Note loop in pan- 
creatic duct. 


creased frequency of pancreatitis, it is possible that the 
wider common bile and pancreatic ducts were secondary 
to pancreatitis rather than the cause thereof. 

The importance of pancreatic-duct reflux during chol- 
angiography remains controversial. Schulenberg’* sug- 
gested that it was of little import, whereas Cuschieri"? 
found that 27% of pancreatic ducts into which reflux oc- 
curred were abnormal. Howell and Bergh'’ found a pos- 
itive correlation between biliary-pancreatic reflux of con- 
trast material and the subsequent elevation of serum am- 
ylase following cholecystectomy and operative 
cholangiography and further showed that injection of bile 
produced marked hyperamylasemia. Conversely, Thomas 
and associates”? could find no relationship between pan- 
creatic-duct reflux and hyperamylasemia but rather im- 
plicated surgical trauma to the sphincter of Oddi. Cus- 
chieri and coworkers'**4 found pancreatic-duct reflux to 
occur regardless of the pressure of contrast injection and 
could find no relationship between reflux and obstructive 
pathology of the lower choledochus or biliary hyperten- 
sion. Schein and Beneventano” reported that pancreatic- 
duct reflux was painless and that it occurred before the 
common bile duct was maximally dilated. They further 
suggested that, in the absence of biliary-pancreatic ob- 
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TABLE 5. Pancreatic-Duct Reflux and Cholangiography* 


No Pancreatitis 


Cholangiogram Pancreatitis (controls) 
Initial, operative 33/53 82/561 
Completion, after removal of 

choledochal stonesT 12/15 6/9 
T-tube, after 
choledochotomyf 15/20} 8/14 


* Figures are number showing reflux/number having investigation. 

+ Cholangiograms performed on 115 patients with pancreatic-duct 
reflux. 

t Includes two patients with no reflux on initial films. 


struction, pancreatic-duct reflux was harmless. Taylor and 
Rimmer’ have described a possible role for reflux of in- 
fected bile. as it is well known that gallstones are associated 
with a high incidence of infected bile.” It is noteworthy 
therefore that two patients in this study developed recur- 
rent severe pancreatitis following surgery, and both dem- 
onstrated marked pancreatic-duct reflux with heavily in- 
fected bile. 

The association between common bile duct stones and 
pancreatic-duct reflux was assessed by comparing reflux 
on the initial and completion cholangiograms. There ap- 
peared to be little correlation between the presence of 
choledochal calculi and pancreatic-duct reflux, as only six 
patients showed loss of reflux following removal of stones. 
The constancy of pancreatic-duct reflux was evaluated by 
comparing reflux on the initial and T-tube cholangio- 
grams. Seven patients with previous pancreatitis and six 
controls demonstrated loss of reflux, implying a degree of 
variability in any one patient. Of interest are the two pa- 
tients with previous AGP who showed pancreatic-duct 
reflux on their T-tube cholangiograms but not on the ini- 
tial films. This observation emphasizes that measurement 
of pancreatic-duct reflux during operative cholangiogra- 
phy may well be an underestimate of the frequency of 
actual reflux, as suggested by Thomas and colleagues.” 

Noting the presence of pancreatic-duct reflux alone on 


TABLE 6. Pancreatic-Duct Reflux and Acute Gallstone 
Pancreatitis in Reported Series * 








Author Pancreatitis No Pancreatitis 
Taylor & Rimmer’ 11/21 45/271 
Kelly® 30/45 8/45 
Kelly? 30/35 
Osborne et al.® 21/49 11/50 
Thurston'* 4/6 24/84 
Howell & Bergh!’ 14/18 13/47 
Carey'® 7/9 4/11 
McMahon!! 21/42 17/69 
Kelly'® 50/75 14/75 
Present study 33/53 82/56: 
Totals 221/535 (62.6%) 218/1213 (18.0%) 





* Figures are number showing reflux/total number of patients. 
x? = 270.0; p < 0.00001. 
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cholangiography is a relatively crude assessment of its im- 
portance, as reflux may occur to a small degree or down 
the entire duct. It has been reported that patients who 
develop AGP have a high incidence of anatomic factors 
that predispose them to pancreatic-duct reflux.!®!© This 
study measured several parameters of reflux in an attempt 
to determine differences in pancreatic-duct reflux between 
patients with and without previous pancreatitis. The mean 
length of reflux down the pancreatic duct was similar in 
the two groups of patients and was comparable to reported 
figures,’ although there was considerable individual vari- 
ation. In the present study, patients with previous pan- 
creatitis had much wider pancreatic ducts than did con- 
trols, and, while it is debatable whether this dilation was 
primary or secondary to previous pancreatic inflamma- 
tion, there is no doubt that a dilated pancreatic duct will 
mechanically facilitate reflux. This finding has not been 
reported previously, and it is of interest that Csendes and 
colleagues?” have noted the pancreatic duct of patients 
with gallstones to be twice as wide as that of normal con- 
trol patients. A note of caution must be sounded, however, 
as the pancreatic duct dilates with age,”* and in this study 
patients with pancreatitis were older than controls. Mea- 
suring the angle of reflux on cholangiograms is an original 
idea, and it is interesting to hypothesize that our finding 
of an increased angle in patients with previous AGP may 
be an additional anatomical feature that mechanically fa- 
cilitates reflux. | 

A functioning common channel at the junction of pan- 
creatic and bile ducts is found in approximately 80% of 
normal subjects,'*?° and Kelly®!°° found this feature 
to be present in 87% of patients who had stones recovered 
from the feces after an attack of pancreatitis. In this study, 
patients with previous pancreatitis and pancreatic-duct 
reflux demonstrated a significantly longer functioning 
common channel than did controls. It is of interest that 
72% of such patients had a common channel 5 mm or 
longer in contrast to only 20% of controls. As the mean 
size of the smallest gallstones in patients with pancreatitis 
was 3 mm, these results imply that passage of small calculi, 
or microlithiasis,*' through the ampulla may be associated 
with pancreatic-duct reflux. 

This report has clearly shown that pancreatic-duct re- 
flux is more commonly observed on the cholangiograms 
of patients with previous acute gallstone pancreatitis. 
Moreover, reflux in these patients occurred into a wider 
pancreatic duct, at a greater angle, and was associated 
with a longer functioning common channel than in con- 
trols. As pancreatic-duct reflux can occur without unto- 
ward effects in many patients, it may well be that the bile 
refluxed in patients with pancreatitis contains noxious 
agents and infective organisms. Migration of calculi in 
patients with gallstone pancreatitis appears to be asso- 
ciated with pancreatic-duct reflux, which is mechanically 
facilitated by anatomical differences in the choledocho- 
pancreatic duct anatomy. 
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IMMEDIATE OPENING: General Surgeon Board Eligible 
and certified. Southwest New Mexico university town, mild 
climate, wilderness area. Compensation commensurate with 
experience. Call (505) 388-1913. 
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Chairperson, Department of Surgery, University of South 
Carolina School of Medicine and Director of Surgical 
Education, Richland Memorial Hospital and W.J.B. Dorn 
Veterans Administration Hospital, Columbia, South Carolina. 
Closing date for applications and nominations July 31, 1986. 
Direct inquiries with curriculum vitae to Donald E. Saunders, 
Jr., M.D., Chair-Search Committee, 5 Richland Medical Park, 
Columbia, South Carolina 29203. Equal Opportunity/ 
Affirmative Action Employer. 
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The Department of Surgery, Stanford University School of 
Medicine, is searching for an individual to assume a full-time 
faculty position at the University Hospital in General Surgery. 
We are recruiting for a general surgeon with an interest in 
gastrointestinal disease. The appointment is expected to be at 
the Assistant Professor level. Appropriate levels of academic 
achievement and promise, clinical skill, and teaching ability are 
prerequisites. Letters of inquiry and curricula vitae should be 
sent to Harry A. Oberhelman, Jr., M.D., Division of General 
Surgery, S-067, Stanford University Medical Center, Stanford, 
California 94305. Stanford University is committed to 
increasing representation of women and members of minority 
groups on its faculty and particularly encourages applications 
from such candidates. 





General/Thoracic/ Peripheral Vascular surgeon, BC/BE, to 
immediately join dynamic 50+ physician multispecialty group 
practice in south San Francisco Bay area. Competitive 
compensation plus fringe benefits. C.V. to Recruitment 
Director, San Jose Medical Group, Inc., 45 South 17th St., San 
Jose, CA 95112. 





General surgeon, BC/ BE, to immediately join dynamic 50+ 
physician multispecialty group practice in south San Francisco 
Bay area.Competitive compensation plus fringe benefits. C.V. 
to Recruitment Director, San Jose Medical Group, Inc., 45 
South 17th St., San Jose, CA 95112. 





CHAIRPERSON, DEPARTMENT OF SURGERY—The 
Permanente Medical Group is taking applications for the 
position of chairperson for the Department of Surgery at our 
Oakland Medical Center. The Oakland facility is a 330-bed 
acute care teaching hospital with a five-year general surgery 
residency program. The Surgery Department is composed of 
seven board certified general surgeons; two having completed 
vascular fellowships. Interested candidates must be board 
certified and prior experience with resident training programs 
preferred. Please send curriculum vitae to: Richard Brown, 
M.D., Chairman, Search Committee, Kaiser Permanente 
Medical Group, Inc., 280 W. MacArthur Blvd., Oakland, 
California 94611. 
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General Surgeon—Sunbelt hospital, medical staff of thirty-six 
physicians located in a community of 40,000 is seeking board - 
eligible/certified specialist to locate in November of %6. 
Financial assistance and partnership opportunities available. 
Located one hour from Atlanta metro plex. Please forward 
your inquiry and curriculum vitae to: Howard D. Clem, Sr., 
Administrator, 4800 - 48th Street, Valley, Alabama 36854. 





Board Certified or Eligible GENERAL SURGEON—The 
largest physician-owned multispecialty medical group in Los 
Angeles County seeks physician well-trained in General 
Surgery. This opportunity includes guaranteed income, well- 
equipped offices, malpractice, health, life and disability benefits, 
and partnership eligibility after two years. Interested applicants 
should send CV to: Dr. Rafael Amaro, HCMG, Inc., 5959 W. 
Century Blvd., Suite 1122, Los Angeles, CA 90045. 





General/Pheripheral Vascular Surgeon sought for well 
established practice offering high volume caseload with 
professional and financial support. Hospital includes new 
surgical suites, ICU/CCU, out-patient facilities, and potential 
vascular lab. University community of 125,000 combines arts, 
educational, leisure amenities with access to Philadelphia, 
Baltimore, New York. Financial support leading to partnership. 
Call and remit credentials: John Downing Associates, Inc., 
Stonebank Executive Center, Exton, PA 19341, (215) 296-7080. 





A full time attending staff position is available for a board - 
eligible/ board certified general surgeon with interest in Surgical 
Critical Care. Time will be equally divided between the Surgical 
Intensive Care Unit and one of our General Surgery Services. 
Responsibilities will include supervision of Surgical Critical 
Care fellows and surgical residents in patient care, teaching and 
research. Successful candidate will also be eligible for academic 
appointment at the University of Illinois College of Medicine. 
To apply, send your current curriculum vitae, or write to 
Samuel K. Appavu, M.D., Chairman, Division of Surgical 
Intensive Care, Cook County Hospital, 1825 West Harrison 
Street, Chicago, IL 60612. Phone (312) 633-8502. 
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PRIMAXIN is highly effective for infections caused by indicated bacteria in most body sites: 
lower respiratory tract, urinary tract, skin and skin-structure, intraabdominal, gynecologic, 
and bone and joint infections, bacterial septicemia, and endocarditis. 
PRIMAXIN is not active against chlamydiae and Pseudomonas maltophilia, some strains of 

A Pseudomonas cepacia, many strains of methicillin-resistant staphylococci, Streptococcus 
faecium, some strains of anaerobic corynebacteria, and some strains of Flavobacterium. 
PRIMAXIN is contraindicated in patients who have shown hypersensitivity to any component 
of this product. Before initiating therapy with PRIMAXIN, careful inquiry should be made con- 
cerning previous hypersensitivity reactions to penicillins, cephalosporins, other beta-lactams, 
and other allergens. If an allergic reaction to PRIMAXIN occurs, discontinue the drug. 
Serious hypersensitivity reactions may require epinephrine and other emergency measures. 
In vitro susceptibility does not necessarily imply in vivo effectiveness. 
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Contraindications: PRIMAXIN is contraindicated in patients who have shown 
hypersensitivity to any component of this product. 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY enue 


te) REACTIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH 
BETA LACTAMS. THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS 
WITH A HISTORY OF SENSITIVITY TO MULTIPLE ALLERGENS. 

THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY 
REACTIONS WHEN TREATED WITH ANOTHER BETA LACTAM. BEFORE INITIATING 
THERAPY WITH PRIMAXIN, CAREFUL INQUIRY SHOULD BE MADE CONCERNING 
PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS. 
OTHER BETA LACTAMS, AND OTHER ALLERGENS. IF AN ALLERGIC REACTION T0 
PRIMAXIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis has been reported with virtually ail antibiotics, including 
PRIMAXIN; therefore it is important to consider its diagnosis in patients who 
develop diarrhea in association with antibiotic use. This colitis may range in 
Severity from mild to life threatening. 

Mild cases of pseudomembranous colitis may respond to drug discontinuance 
alone. In more Severe cases, management may include sigmoidoscopy, appropriate 
bacteriological studies, fluid, electrolyte, and protein supplementation, and the use 
of a drug such as oral vancomycin, as indicated. Isolation of the patient may be 
advisable. Other causes of colitis shouid also be considered. 


Precautions: Genera/—CNS adverse experiences such as myoclonic activity, con- 


fusional states, or seizures have been reported with PRIMAXIN. These experiences 
have occurred most commonly in patients with CNS disorders (e.g. brain lesions or 
history of seizures) who also have compromised renal function. However, there were 
fare reports in which there was no recognized or documented underlying CNS 
disorder. Close adherence to recommended dosage schedules is urged especially 
in patients with known factors that predispose to seizures. Anticonvulsant ther- 
apy should be continued in patients with a known seizure disorder If focal 
tremors, myoclonus, or seizures occur, patients should be placed on anticonvulsant 
therapy. If CNS symptoms continue, the dosage of PRIMAXIN should be decreased 
or discontinued. 

As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of 


nonsusceptible organisms. Repeated evaluation of the patient's condition is essen- 


tial. If superinfection occurs during therapy, appropriate measures should be taken. 
While PRIMAXIN possesses the characteristic low toxicity of the beta-lactam group 
of antibiotics, periodic assessment of organ system function during prolonged 
therapy is advisable. 

Drug Interactions Since concomitant administration of PRIMAXIN and probenecid 
results in only minimal increases in plasma levels of imipenem and plasma half-life, 
it is not recommended that probenecid be given with PRIMAXIN. 

PRIMAXIN should not be mixed with or physically added to other antibiotics. 
However, PRIMAXIN may be administered concomitantly with other antibiotics, 
such as aminoglycosides. 

Carcinogenesis, Mutagenesis, Impairment of Fertility-Gene toxicity studies were 
performed in a variety of bacterial and mammalian tests in vivo and in vitro. The 
lests were: V79 mammalian cell mutation assay (PRIMAXIN alone and imipenem 
alone), Ames test (cilastatin sodium alone), unscheduled DNA synthesis assay 
(PRIMAXIN), and in vivo mouse cytogenicity test (PRIMAXIN}. None of these tests 
showed any evidence of genetic damage. 

Reproduction tests in male and female rats were performed with PRIMAXIN at 
dosage levels up to 8 times the usual human dose. Slight decreases in live fetai 
body weight were restricted to the highest dosage level. No other adverse effects 
were observed on fertility, reproductive performance. fetal viability, growth, or 
postnatal development of pups. Similarly, no adverse effects on the fetus or on 
lactation were observed when PRIMAXIN was administered to rats late in gestation. 
Pregnancy Pregnancy Category C: leratagenicity studies with cilastatin sodium in 
rabbits and rats at 10 and 33 times the usual human dose, respectively, showed no 
evidence of adverse effect on the fetus. No evidence of teratogenicity or adverse 
effect on postnatal growth or behavior was observed in rats given imipenem at 
dosage levels up to 30 times the usual human dose. Similarly, no evidence of 
adverse effect on the fetus was observed in teratolagy studies in rabbits with 
imipenem at dosage levels at the usual human dose. 
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Teratology studies with PRIMAXIN at doses up to 11 times the usual human dose in 
pregnant mice and rats during the period of major organogenesis revealed no 
evidence of teratogenicity. 

Data from preliminary studies suggest an apparent intolerance to PRIMAXIN 
(including emesis, inappetence, body weight loss, diarrhea. and death) at doses 
equivalent fo the average human dose in pregnant rabbits and cynomolgus mon- 
keys that is not seen in nonpregnant animals in these or other Species. In other 
Studies, PRIMAXIN was well tolerated in equivalent or higher doses (up to 11 times 
the average human dose) in pregnant rats and mice. Further studies are under 
way to evaiuate these findings. 

There are, however, no adequate and well-controlled studies in pregnant women. 
PRIMAXIN should be used only if the potential benefit justifies the potential risk 
to the fetus. 

Nursing Mothers—lt is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised when 
PRIMAXIN is administered to a nursing woman. 

Pediatric Use- Safety and effectiveness in intants and children below 12 years of 
age have not yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1723 
patients treated in clinical trials were severely ill and had multiple background 
diseases and physiological impairments, making it difficult to determine causal 
relationship of adverse experiences to therapy with PRIMAXIN. 

Local Adverse Reactions~Local adverse clinical reactions that were reported as 
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Lymphatic and Local Spread of T1 and T2 


+ Pancreatic Cancer 
A Study of Autopsy Material 





HIDEO NAGAI, M.D.*f AKIRA KURODA, M.D. 


Eight autopsy cases of pancreatic cancer (duct cell adenocarci- 
noma) with Ti and T2 primary tumors were studied hi 

to examine the exact extent of lymphatic and local spread. Six 
of them had microscopic metastasis in grossly negative lymph 
nodes near the primary tumor. In addition, four of them had a 
few metastatic nodes in the para-aortic region. In‘cases with 
lymphatic metastases, the extent of cancer infiltration within 
lymphatic vessels, nerves, and/or connective tissues was almost 
_ the same as that of lymph node metastasis. Major vascular in- 
volvement was found in four cases. There was no case in which 
multicentricity or marked intraductal spread of cancer cells was 
observed in the pancreas. It has been suggested that most of T1 
and T2 pancreatic cancers have a fairly widespread microscopic 
extension, although Sirera small T1 cancers have a very lim- 
ited extension. 


LMOST ALL EFFORTS for radical treatment of exo- 

= crine pancreatic cancer have failed to obtain a 

-&® long-term survival of patients with this formi- 
dable disease.'* Besides a marked difficulty with early 
detection of the cancer, one of the most important reasons 
for this failure is a remarkable tendency to invasion and 
` metastasis of duct cell adenocarcinoma of the pancreas: 
high incidence of hematogenous spread, peritoneal dis- 
semination, widespread lymphatic metastases, and exten- 
sive local invasion, especially into the neighboring major 
vessels. Hematogenous and peritoneal spreads are both 
beyond the reach of surgical treatment, whereas lymphatic 
metastases and local invasion can be eradicated surgically, 
at least theoretically, as long as the extension of the tumor 
Fortner’ reported regional pancreatectomy, including 
removal of the primary lymphatic drainage of the pan- 
creas, and resection of the portal vein (Type I procedure) 
and hepatic artery or arteries, celiac axis, or superior mes- 
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enteric artery (Type II procedure). He courageously per- 
formed these procedures for advanced pancreatic cancers, 
most of which had a tumor of more than 6 cm in diameter 
or with extensive direct extension to contiguous structures. 
However, even his procedures have failed so far to obtain 
a remarkable improvement in long-term survival rates,® 
which would suggest that these advanced cancers of the 
pancreas might already have had cancer extension beyond 
the limit of surgical management. 

It is an interesting and crucial problem where cancer 
spread actually takes place in pancreatic cancer of small 
size and with macroscopically localized extension. By his- 
tologic examination of autopsy material, we performed 
the present study to determine the exact extent of lym- 
phatic metastasis and local spread in patients with small 
and macroscopically localized pancreatic cancer (duct cell 
adenocarcinoma). Local spread was studied in terms of 
cancer infiltration within lymphatic vessels, nerves, and 
loose connective tissues, which we provisionally call “‘in- 
terstitial invasion” collectively, as well as invasion into 
the major vascular structures. We also searched for mul- 
tiple cancerous foci within the pancreas and intraductal 
spread of cancer cells in relation to the problem of whether 
total or partial pancreatectomy should be done as part of 
a radical resection of pancreatic cancer. 


Materials and Methods 


We used the autopsy materials at Tokyo Metropolitan 
Geriatric Hospital, Tokyo, during 1980-1983. Eight cases 
with gross primary tumor localized in the pancreas and 
its neighboring tissues were selected out of 54 cases of 
unresected duct cell adenocarcinoma. No evidence of pri- 
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TABLE 1. Outlines of Eight Autopsy Cases with T] and T2 Pancreatic Cancer 






Site of Macroscopic Size Hematogenous Peritoneal 
Primary Tumor Case No. Age, Sex Primary Tumor (cm) Direct Extension Metastasis Seeding 
T! I 84, F Body 0.8 x 0.7 a ee = 
2 79,M Tail 1.2 x 1.2 mmen- ~— — 
3 80, M Head 0.4 x 0.3 — — — 
4 76, F Body 0.8 X 0.8 ~— _ — 
T2 5 $1,M Head 3.0 x 3.0 Bile duct, duodenum — — 
6 82, M Head 3.5 x 3.5 Bile duct, duodenum Liver — 
7 72,F Head 3.0 X 3.5 Bile duct, duodenum — ~~ 
8 74, F Head 45x 5.5 Bile duct, duodenum — — 
in EE A 


mary cancer in other organs was found in these eight cases. 
Tumors of four cases belonged to T1 (“no direct extension 
of the primary tumor beyond the pancreas”) and those 
of four cases of T2 (“limited direct extension to the duo- 
denum, bile ducts, or stomach”) according to the classi- 
fication of the American Joint Committee on Cancer 
(AJCCY (Table 1). None of the eight cases showed mac- 
roscopically detectable lymph node metastases. Hema- 
togenous metastases and peritoneal seeding were absent 
both macroscopically and microscopically in all but one 
case with T2 tumor and liver metastasis. Thus, if the sur- 
gical-evaluative staging of the AJCC were applied on the 
macroscopic findings, seven of our cases would have been 
in Stage I (T1-2, NO, MO) and the other one in Stage IV 
(T2, NO, M1). 

Serial step sectioning, about 300 histologic sections per 
case, was used to examine the entire pancreas and its sur- 
rounding structures including the retroperitoneum and 
radix of the mesentery (Fig. 1). All histologic sections were 
stained with hematoxylin and eosin, and elastica-Masson 
staining was used for some of them. 

Regional lymph nodes of the pancreas were divided 
into 11 groups, as shown in Figure 2. Mediastinal and 
cervical nodes were also examined histologically. 





FIG. 1. Schematic drawing of serial step sectioning of the pancreas and 
its surrounding structures. IMA = inferior mesenteric artery. IVC 
= inferior vena cava. SMA = superior mesenteric artery. SMV = superior 
mesenteric vein. 


Results 
Lymph Node Metastases 


Six of the eight cases had microscopic lymph node me- 
tastases (Table 2). 

A TI cancer in the body (Case 1) had three positive 
nodes out of 168 nodes examined: one node in each of 
the superior body, juxta-aortic, and para-aortic groups. 
Another T1 cancer in the tail (Case 2) had one metastatic 
node in the upper body group out of 150 nodes. The other 
two Tl tumors (Cases 3 and 4), 0.4 and 0.8 cm in diameter 
and located in the head and body, respectively, had no 
lymphatic metastasis in any of 133 to 159 nodes exam- 
ined. 

All four cases with T2 tumors (Cases 5-8) in the head 
of the pancreas had lymphatic metastases to nodes of the 
posterior pancreaticoduodenal, inferior head, and juxta- 
aortic group; three of them to nodes of the para-aortic 
group; two cases to nodes of the anterior pancreaticoduo- 
denal and superior head group; and one case to a node 
of the perigastric group. The total number of involved 
nodes in these four T2 cancers was 11 to 26 of 97 to 240. 

Involvement of para-aortic nodes in one TI tumor 
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FIG. 2. Grouping of regional lymph nodes of the pancreas. | = perigastric 
group. 2 = anterior pancreaticoduodenal group. 3 = posterior pancreati- 
coduodenal group. 4 = superior head group. 5 = superior body group. 
6 = inferior head group. 7 = inferior body group. 8 = splenic group. 9 
= hepatoduodenal ligament group. 10 = juxta-aortic group. 11 = para- 
aortic group. 
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TABLE 2. Lymph Node Metastasis of T1 and T2 Pancreatic Cancer 


Mediastinal 
and 
Cervical 


Total 


Para- 
aortic 


Juxta- 
aortic 


Hepato- 
duodenal 
Splenic Ligament 


Inferior 
Body 


Superior Superior Inferior 
Head Body Head 


Posterior 
Pancreatico- 
duodenaj 


Anterior 
Pancreatico- 
duodenal 


Peri- 
gastric 


Lymph Node/ 
Case No 








1/150 
0/159 
0/133 
26/240 


3/168 
13/141 


0/9 
0/4 
0/8 
0/4 


1/70 
0/58 
0/61 
0/57 


0/4 1/10 
0/6 0/7 
0/6 0/5 
0/8 0/5 


0/5 
0/4 
0/3 
0/5 


0/4 
0/3 
0/3 
0/2 


0/11 
0/17 
0/21 
0/16 


O moot OO 
EN et mot oet 
l TT M 
"w we CD D> 


0/2 
0/6 
0/4 
0/3 


0/5 
0/7 
0/6 
0/6 
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11/97 
14/191 


0/7 

0/5 

2/43 0/5 
0/9 


3/81 
0/53 
3/57 


13/47 0/12 0/2 0/5 1/8 

2/19 0/2 0/9 0/10 1/5 

1/7 0/1 0/3 0/2 4/4 

0/29 4/26 0/1 0/2 0/8 1/3 


0/31 
3/11 
1/8 


0/8 
1/8 
2/4 
0/8 


4/9 
6/7 
1/2 
4/15 


* Number of involved nodes/total number of nodes examined. 


(Case 1) and three T2 tumors (Cases 5, 7, and 8) was 
found in the areas around the origin of the bilateral renal 
artery (Fig. 3). In two T2 tumors (Cases 5 and 8), addi- 
tional involvement was observed in nodes around the or- 
igin of the inferior mesenteric artery. The total number 
of positive para-aortic nodes in each of the four cases was 
only one to three out of 43 to 81. 

Mediastinal and cervical nodes were not involved in 
any of the eight cases examined. 


Cancer Infiltration within Lymphatics, Nerves, and Con- 
nective Tissues 


All eight T1 and T2 cancers had “interstitial invasion,” 
i.e., cancer infiltration within lymphatic vessels, nerves, 
and/or connective tissues (Fig. 4, Table 3). As regards the 
range of “interstitial invasion” in cases with lymph node 
metastases, the invasion was almost invariably found in 
the regions where lymph node metastases were observed 
(Table 3, Fig. 5). In the para-aortic region, however, cancer 
cells in the form of “interstitial invasion” were found only 
around the base of the superior mesenteric artery, whereas 
the distribution of metastases to para-aortic lymph nodes 
ranged from the origin of the superior mesenteric artery 
to that of the inferior mesenteric artery (Fig. 3). “Inter- 
stitial invasion” in cases without lymph node metastases 
was limited to the areas around the main pancreatic tu- 
mors. 

As shown in Table 3, there was some difference in the 
extent of infiltration within lymphatics and nerves. For 
example, Case 5 had remarkable infiltration within lym- 
phatic vessels and only little infiltration within nerves, 
whereas Case 8 had the reverse relationship. 


Invasion to the Major Vascular Structures 


Table 4 shows the extent of invasion into the walls of 
major vessels, resection of which should become crucial 
in the surgical treatment of pancreatic cancer. 

The portal vein system was directly involved in only 
one of the four T1 cancers, whereas three of the four T2 
cancers had involvement of the portal vein system, espe- 
cially of the superior mesenteric vein and/or main trunk 
of the portal vein. As for invasion to the arterial system, 
only one T2 cancer in the head of the pancreas involved 
the middle colic artery in addition to the portal vein and 
splenic vein. 


Intraductal Spread and Multicentricity of Cancer 


Neither marked intraductal spread nor multicentricity 
of cancer of the pancreas was observed in any case ex- 
amined. There was no case in which intraluminal floating 
cancer cells were found far away from the primary tumor. 
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Discussion 


It is noteworthy that cases of pancreatic cancer with a 
small and macroscopically localized tumor tended to have 
fairly widespread extension of cancer cells through lymph 
node metastasis and infiltration within lymphatic vessels, 
nerves, and/or connective tissues as well as involvement 
of adjacent vascular structures. All these modes of spread 
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FiG. 3. Scheme of metastasis 
to para-aortic lymph nodes in 
four cases. Shaded circles 
represent positive nodes, and 
open circles are uninvolved 
nodes. Asterisks indicate 
“interstitial invasions.” a. 
Case 1; b. Case 5; c. Case 7: 
d. Case 8. CA = celiac artery. 
IMA = inferior mesenteric 
artery. IVC = inferior vena 
cava. LRA = left renal artery, 
LRV = left renal vein. r.RA 

right renal artery. r.RV 
= right renal vein. SMA 
= superior mesenteric artery. 


plus intrapancreatic spread or multicentricity of cancer 
cells have been regarded as important factors in consid- 
eration of selection of therapy, surgical treatment, and 
assessment of prognosis in patients with pancreatic cancer. 
The present study has focused on these spread modes in 
relatively localized cancers of the pancreas. 

Lymphatic metastasis of pancreatic cancer has been 
studied meticulously by Cubilla et al. with the use of 


Fics. 4a-c. “Interstitial invasions” found in the surrounding tissues around the primary pancreatic tumor. H & E. a. lymphatic infiltration: b. nerve 


invasion; c. connective tissue invasion. a-c: same magnification. 
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Fortner’s regional pancreatectomy specimens, most of 
which consisted of fairly advanced pancreatic cancers. 
They reported that 22 cases of duct cell adenocarcinoma 
of the pancreas, 21 of which were located in the head, 
often metastasized to the superior head (45%), posterior 
pancreaticoduodenal (45%), superior body (27%), and in- 
ferior head* (23%) lymph nodes groups. They did not 
have evidence of metastasis in the lymph nodes of the 
gastric, splenic, or common bile duct group. Other lymph 
node groups such as the inferior body, midcolic, pyloric, 
anterior pancreaticoduodenal, and mesenteric groups had 
involvement in 5-9% of their cases. 

Thus, our results for the distribution and incidence of 
lymphatic metastases of T1 and T2 pancreatic cancer have 
shown a tendency similar to those of Cubilla. However, 
the following findings are especially noted in the present 
study: 


(1) Metastases to the nodes of the inferior head group 
as defined by us were invariably found in all four cases 
of T2 cancer in the head of the pancreas. 

(2) A few lymph nodes of the para-aortic group were 
found to have micrometastases in four of eight cases (50%), 
and distribution of the metastatic nodes ranged between 
the origin of the bilateral renal artery and that of the in- 
ferior mesenteric artery. 

(3) Two of the four T1 tumors, both less than 1 cm in 
diameter, had no lymphatic metastasis. 

(4) Mediastinal or cervical nodes were not involved in 
any case. 


Anatomically, as our previous study has shown,’ lym- 
phatic vessels from the pancreas are closely related to the 


nodes of the inferior head group and para-aortic lymph . 


nodes. Therefore, it is no wonder that the lymph nodes 
in the inferior head and para-aortic region were extremely 
vulnerable to metastasis from the cancer of the pancreas. 
However, lymphatic metastasis of pancreatic cancer to 
these regions has been mentioned little so far.!°'! We 
should pay more attention to the inferior head and para- 
aortic lymph nodes when we consider metastasis from the 
cancer of the pancreas. Further studies would also be nec- 
essary for more accurate evaluation of the incidence of 
metastasis to other lymph node groups. 

Lymphatic vessels, nerves, and loose connective tissues 
around the main tumors were involved in six, five, and 
eight of our eight cases, respectively. The range of lym- 
phatic vessel, nerve, and connective tissue involvement 
by cancer cells was limited around the primary tumor of 
the pancreas and was almost the same as that of lymph 


* The inferior head group of Cubilla et al.* is probably a part of our 
inferior head group, which mainly represents lymph nodes in the radix 
of the mesentery, including the midcolic and jejunal groups of Cubilla 
et al. 


TABLE 3. “Interstitial Invasion” of T1 and T2 Pancreatic Cancer 
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tissue invasion; — = no “interstitial invasion”; | = mild; 2 = moderate; 


3 


* The areas of “interstitial invasion” are the same as those of lymph 


node grouping used in Figure 2 and Table 2. 


| = lymphatic vessel infiltration; n = nerve invasion; c = connective 
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FiGs. 5a~c. a. Cancer cells (arrow, magnified in c) found in the perineural space of the nerve plexus along the common hepatic artery (CHA) near 


an involved node (*, magnified in b} of superior head group. Case 6. H & E. 


node metastasis, except in the para-aortic region. The high 
incidence of cancer spread through lymphatics and nerves 
suggests that wide resection of the peritumoral tissue and 
nerve plexuses should be required for complete eradication 
of cancer cells. 

Although nerve invasion, especially perineural invasion, 
has been known to be closely related to the lymphatic 
system,'? nerve involvement seems to be somewhat dif- 
ferent from lymphatic involvement, as indicated by our 
results that these two modes of spread were not completely 
identical in their extent. 

Direct invasion to the portal vein system was observed 
in four of our eight Tl and T2 tumors. Vulnerability of 
the portal vein system to cancer invasion has already been 
mentioned by many other authors.'!?!4 On the other 
hand, direct invasion to the walls of major arteries was 
rarely encountered, despite the fact that cancer cells were 


TABLE 4. Direct Invasion into Major Vascular Structures 





Case No. SMV SV PV SMA CHA MCA SA 





Ti ot — — oe — a vee — 
2 oa 4 Ba. J ae Sr a 
3 ame ne a oa ies eae ae 
4 ne aa sald ox ae ats a 
T2 5 ce re a ee ee 
6 +++ — +H — si ae es 
7 +++ ++ +++ °° — a. 
8 + = + ~— -= ~ ammen 





— = no invasion. +~+++ = invasion up to the adventitia (+), media 
(++), and intima (+++). 

SMV = superior mesenteric vein. SV = splenic vein. PV = portal 
vein. SMA = superior mesenteric artery. CHA = common hepatic artery. 
MCA = middle colic artery. SA = splenic artery. 


frequently found in the tissues, especially nerve plexuses, 
around the arteries. These results might support to some 
extent the resection of major vein(s) of the portal system 
and periarterial tissues for a T2 pancreatic cancer. 

There are many reports'*"'’ that showed multifocal 
cancer lesions in the pancreas in approximately 20% of 
total pancreatectomy specimens. In our small number of 
cases, none had multiple foci of cancer in the pancreas 
or showed marked intraductal spread. Since one of the 
rationales of total pancreatectomy for pancreatic cancer, 
especially for that in the head of the pancreas, is based 
on the alleged high incidence of multicentricity and re- 
markable intraductal spread of cancer,'’ it is necessary to 
study many more specimens on universally accepted his- 
tological criteria. At least from our results, intrapancreatic 
spread or presence of intrapancreatic multifocal cancers 
seems to be less significant than extrapancreatic extension 
in patients with T1 and T2 primary tumor of the pancreas. 

From our study, although it is composed of a small 
number of cases, it has been suggested that some of T1 
and most of T2 pancreatic cancers have a rather extensive 
spread, such as para-aortic lymph node metastasis and 
major vascular involvement. This means that pancreatic 
cancer, even of small size and with macroscopically lo- 
calized extension, has an extremely malignant nature, 
which results in a very low rate of long-term survival in 
patients with this disease. However, as demonstrated by 
our two T1 cases with primary tumors less than 1 cm in 
diameter, extremely small pancreatic cancers may have 
a limited extension, which is most likely to be resected 
with a chance for cure. In this respect, early diagnosis of 
pancreatic cancer is urgently needed. 
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Segmental Portal Hypertension 


nent eee. 


MORTEN S. MADSEN, M.D. 
rien toh a aaa ste AAN 


Isolated obstruction of the splenic vein leads to segmental portal 
hypertension, which is a rare form of extrahepatic portal hy- 
pertension, but it is important to diagnose, since it can be cured 
by splenectomy. In a review of the English literature, 209 patients 
with isolated splenic vein obstruction were found. Pancreatitis 
caused 65% of the cases and pancreatic neoplasms 18%, whereas 
the rest was caused by various other diseases. Seventy-two per 
cent of the patients bled from gastroesophageal varices, and most 
often the bleeding came from isolated gastric varices. The spleen 
was enlarged in 71% of the patients. A correct diagnosis in con- 
nection with the first episode of bleeding was made in only 49%; 
22% were operated on because of gastrointestinal bleeding, but 
the cause of bleeding was not found. The diagnosis should be 
Suspected in patients with gastroesophageal varices, but without 
signs of a liver disease, especially if isolated gastric varices are 
found. The diagnosis is confirmed by portography. 


ATIENTS WITH EXTRAHEPATIC portal hypertension 
constitute 5-10% of all patients with portal hy- 
pertension (PH).'~ Isolated obstruction of the 

splenic vein leads to elevated pressure in the spleen and 
is a form of extrahepatic PH. The condition is present in 
only about 5% of patients with extrahepatic PH,* but it 
is important to diagnose it, since it is the only form of 
PH that is definitely curable.® 

Sutton et al.’ were able to find 54 cases in their review 
of the English literature between 1900 and 1968, and the 
condition is still so rarely diagnosed that only a few can 
gain experience with many patients. To outline recent 
years’ experience with splenic vein obstruction, we have 
in the light of a topical case® reviewed the literature of 
this form of extrahepatic PH, referred to as segmental,” 
left-sided,’ regional,’ localized,!! compartmental, '2 
lienal,'? or splenoportal hypertension. '4 
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Sh ce ey 
Materials and Methods 


We have reviewed the English literature after Sutton et 
al.,’ i.e., from 1969 to 1984, Defining isolated splenic vein 
obstruction as total or partial occlusion of the lumen of 
the splenic vein leading to formation of collaterals and 
with a normal portal and superior mesenteric vein, we 
found 73 references on this subject. Ten of the references 
were review articles and articles on diagnostics, in which 
the individual patients were not identified.©”:'!5-22 The re- 
maining 63 references described a total of 209 patients 
with isolated splenic vein obstruction. 10-1423-80 These pa- 
tients are grouped according to sex, age, fundamental dis- 
ease, symptoms, characteristic findings, diagnostics, 
treatment, and prognosis. 


Results 
Sex and Age 


In the case of 131 patients, both sex and age were stated. 
There were 89 men (68%) with a median age of 48 years 
(ranging from 10 months to 85 years). The women had 
a median age of 45 years (ranging from 2 to 75 years). 


Etiology 


The cause of splenic vein obstruction was described in 
187 patients (Table 1). In 65% of the cases, the cause was 
pancreatitis, and 33% of these patients had a pancreatic 
pseudocyst. Benign or malignant pancreatic tumors were 
the cause of splenic vein obstruction in 18% of the patients, 
whereas 17% of the cases were caused by a number of 
different diseases. In nine cases, isolated splenic vein ob- 
struction was accompanied by cirrhosis of the liver, and, 
thus, a simultaneous presence of generalized and seg- 


ons 
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thosis of the liver, four patients also had chronic pancre- 
atitis, which was probably the original cause of the splenic 
vein obstruction. Two patients had splenic vein obstruc- 

tion after the performance of portosystemic shunt. Only 
in three patients could no cause of splenic vein obstruction 
other than cirrhosis of the liver be found. 


Symptoms 


The patients’ symptoms appear in Table 2. The most . 


common symptom, which was present in 115 patients 
(72%), was bleeding from gastroesophageal varices. Usu- 
ally, the bleeding was serious, in the form of hematéemesis 
or melena. Often, there had been symptoms of-a funda- 
mental disease prior to or coinciding with the episode of 
bleeding. In 25 patients (16%), however, the bleeding was 
not precéded or followed by other symptoms, even though: 
a cause of splenic vein obstruction could be demonstrated 
in 21 of these patients. 

Abdominal pain without bleeding was present in 23%, 
often accompanied by other symptoms of chronic pan- 
creatitis, a pancreatic pseudocyst or pancreatic cancer.. 
One patient presented with encephalopathy without gas- 
trointestinal bleeding.“ The cerebral symptoms disap- 
peared after splenectomy and the closure of a large col- 
lateral vessel from the splenic and superior mesenteric 
veins to the renal vein. Several liver biopsies, however, 
showed chronic persistent: hepatitis, and, thus, this disease 
may have contributed considerably to the encephalopathy. 
Encephalopathy because of splenic vein obstruction was 
not demonstrated i in any other patient. . 


F indings 


A characteristic finding in the case of segmental PH 


is isolated gastric varices. The’ conditions i in the esopha- 
gus and the stomach were described by means of angiog- 
raphy, upper endoscopy, and/or perioperative findings in 
191 patients, 144 of whom (75%) had isolated gastric 
varices, whereas only 46 patients had varices in both the 
esophagus and the stomach. One patient had no gastro- 
esophageal varices but did have varices in the left flexure 
of the colon.“ 

Splenomegaly was present in 110 (71%) of the 154 pa- 
tients whose spleens were described according to size. The 
basis on which to estimate the size of the spleen, however, 
varied a lot from one article to another. Itzchak and 
Glickman'* went thoroughly into this subject-of the size 
of the spleen i in connection with isolated splenic vein ob- 
struction. On the basis of arteriographical findings, they 
found that the spleen was enlarged in eight (42%) of 19 
patients. Only i in a few patients did the enlarged spleen 


- Retroperitoneal lymphoma | 
- Adenocarcinoma in the kidney 


' Various causes* — 


SEGMENTAL PORTAL HYPERTENSION 73 
mental PH was seen in these patients. In addition to cir- ` 


TABLE 1. The Cause of Isolated Splenic Vein Obstruction 
in 209 Patients” 
Dagas . N 
Pancreatitis, total ` : 122 
Chronic pancreatitis without pseudocyst 56 
Acute pancreatitis without pseudocyst 5 
Pancreatic pseudocyst 40 
Pancreatitis, unspecified as to acute and 
chronic inflammation and pseudocyst 21 
Pancreatic neoplasms, total - 34 
Adenocarcinoma ; 23 
Cystadenoma_ . 5 
Islet cell timor 6 
Idiopathic 
Cirrhosis of the liver 
Consequences of umbilical vein E 


Retroperitoneal fibrosis ` 


Consequences of surgical portosystemic shunt 
Consequences of resection ‘of the stomach 


Cause not stated 
Total | 
* One of each df the following: congenital pancreatic cyst, 


retroperi- 
toneal abscess, wandering spleen, gastric ulcer, abdominal trauma, hydatid. 
a a i ca 


Bor N N N Ww w uO 


$ 


produce symptoms because of size or SEUKOCYIODeH and 
thrombocytopenia. : 


Diagnostics 
Often a long period of time had passed from the ap- 


pearance of the first symptoms till the diagnosis was inade. 
Thus, the period of time, from the first episode of bleeding 


~ till the diagnosis was made, was stated in. 82 patients. 


Only 49% had their diagnosis made in connection with. 
the first episode of bleeding, whereas 1 month to 12 years 
(median: 11 months) passed before the correct cause of 
the bleeding was found in the remaining patients. noone 


TABLE 2. Symptoms in 209 Patients with Isolated 





Splenic Vein Obstruction 
Symptom N 

Visible bleeding, total Yd 99 

Visible bleeding and other, previous symptoms 74 D 

Visible bleeding without other symptoms - 25 
Occult bleeding and other, previous symptoms 16 
Abdominal pain without bleeding, possibly 
` accompanied by other symptoms 36 
Other symptoms* — 9 
Symptoms not stated 49 


o Three splenomegaly, 2.icterus, | ncephalopathiy, | thrombocyto- 
pedia, 1 eplene rapture] diabetes m 
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Fic. 1. Splenoportography in a 15-year-old boy with idiopathic isolated 
splenic vein obstruction and bleeding from gastric varices (V). The normal 
portal vein (P) is filled by the gastric varices and by the prominent gas- 
troepiploic veins (G). There are no esophageal varices. 


six (22%) of the 116 patients who bled from the gastroin- 
testinal tract were operated on for the bleeding, but the 
cause of the bleeding was not demonstrated at the oper- 
ation. The correct diagnosis was not made until new ep- 
isodes of bleeding and new examinations had taken place. 


Treatment 


Most patients were treated by splenectomy. The course 
following splenectomy was stated in the case of 72 patients 





FIG. 2. Splenoportography in a 54-year-old man with inoperable pan- 
creatic cancer. There are prominent splenosystemic collaterals to the 
retroperitoneum (black arrows) and intercostal veins (white arrows). There 
is some extravasation of the contrast (E). There had been no gastroin- 
testinal bleeding, and the varices (V) in the fundus and the coronary 
vein (C) are small. There are no esophageal varices. 
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with a median period of observation of 12 months (ranging 
from 0 months to 24 years). Only two of these patients 
had bleeding following splenectomy.’®:’? One bled because 
of cirrhosis of the liver with generalized PH and coagu- 
lation disorders. The other patient did not stop bleeding 
until total gastrectomy had been performed. Liver biopsy 
showed stasis, but no cirrhosis, and the cause of the re- 
bleeding was not clear. 

Thirteer. patients had bleeding, but splenectomy was 
not performed. Four of these patients died shortly after 
the diagnosis was made because of persistent or recurrent 
bleeding and because of the fundamental disease. One of 
these patients was treated by mesocaval shunt, which did 
not affect the bleeding.” None of the remaining nine pa- 
tients bled again, but five died shortly after from the fun- 
damental disease, and the other four were observed for 
only 6-12 months. 

Splenectomy was not performed in only six patients 
without bleeding at the time of the diagnosis. 12550-57 One 
of these patients bled 3 months later and was treated with 
percutanecus splenic embolization.” None of the others 
bled, but the period of observation was only 8-18 months. 


Discussion 


Pathology 


Obstruction of the splenic vein causes the pressure in 
the spleen to rise, and a number of splenoportal collateral 
systems will develop (Fig. 1), returning the blood from 
the spleen. bypassing the splenic vein, into the portal 
vein. ">65 There is retrograde flow through the short gas- 
tric veins into submucous and subsequently varicose veins 
in the fundus and the cardia area, from where the blood 
flows hepatopetally through the coronary vein to the portal 
vein. Retrograde flow through the left gastroepiploic vein 
into the right gastroepiploic vein and the superior mes- 
enteric vein also occurs. Often the gastroepiploic veins 
are connected with dilated veins in the omentum. The 
left gastroepiploic vein may also lead the blood into the 
left colic vein and the inferior mesenteric vein. 

Splenosvstemic collaterals may also be formed, such 
as retrograde flow through the short gastric veins into 
the submucous and subsequently varicose veins of the 
esophagus. Collaterals from the spleen to the retroperi- 
toneum, renal vein, and intercostal veins are not so com- 
mon (Fig. 2). 


Cause 


Splenic vein obstruction may be caused by compression 
of the vein by other organs or by thrombosis of the vein.° 
Often a combination of these two factors will be present. 

In their review of the literature, Sutton et al.’ found 
that 35% of the cases of isolated splenic vein obstruction 


ap 
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were caused by tumors and 17% by pancreatitis. We found 
that tumors caused 21% and pancreatitis 65% of the cases 
of splenic vein obstruction. These differences may be due 
to an increase in the number of cases of pancreatitis and 
to an increase in diagnostic and especially angiographic 
activities during recent years. 

The distribution on sex and age found in our review 
agrees with pancreatic diseases as the predominant cause 
of splenic vein obstruction. | 


Frequency 


Segmental PH has been found in 4—6% of patients with 
extrahepatic PH.*"° 

In patients with chronic pancreatitis, segmental PH has 
been found in 5-37%, based on angiographic and peri- 
operative findings.” 81-33 The clinically and histologically 
most severe cases of chronic pancreatitis lead to the most 
severe changes in the splenic vein.”*' This is most likely 
the explanation of the different statements of the fre- 
quency of segmental PH, as the indications for performing 
portography and operation vary in the various materials. 
Complications of pancreatitis in the form of a pseudocyst 
seem to increase the frequency of splenic vein obstruction; 
Rösch found that 14 of 16 patients (88%) with pancreatic 
pseudocyst had splenic vein obstruction." 


Symptoms and Findings 


The symptoms and findings consist partly of those that 


can be traced back to the fundamental disease, such as 
pain, weight loss, or an abdominal mass, and partly of 
those caused by the segmental PH: gastrointestinal varices, 
probably with bleeding, and splenomegaly, which may be 


a hampering mass or which may give leukocyto- or 


thrombocytopenia. 

Like others,'””>8 we found in our review of the liter- 
ature that hematemesis and melena caused by bleeding 
from isolated gastric varices were the most important signs 
of isolated splenic vein obstruction. Segmental PH does 
not always produce symptoms, but the indications of the 
frequency of symptoms vary a lot in the literature. Thus, 
bleeding has been found in 12-69% of patients with seg- 
mental PH caused by pancreatitis,37-°2™4 


Diasec 


A decisive point when diagnosing segmental PH is the 
demonstration of gastroesophageal varices in a patient 
who shows no signs of a liver disease. Especially in the 
casé of isolated varices in the stomach, isolated splenic 
vein obstruction should be suspected. It may be difficult 
by endoscopy to distinguish the varices from normal mu- 
cosal folds, and the varices are only demonstrated by 
means of endoscopy in 0-33% of the patients.!4?738 In 
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the case of barium examination of the stomach with dou- 
ble contrast technique, the varices are visualized in about 
80% of the patients.” 

The diagnosis can be confirmed by portography. Re- 
cent works recommend the performance of arteriopor- 
tography or indirect portography.'*’° The characteris- 
tic finding on injection of contrast in the celiac artery is 
that in the venous phase the splenic vein is nonvisualized, 
whereas collaterals between the spleen and the portal vein 
are visualized.” Injection in the superior mesenteric 
artery shows in the venous phase a normal portal vein 
with the coronary vein nonvisualized. An improved vi- 
sualization of the conditions in the area of the splenic 
vein is obtained by selective injection of contrast medium 
in the splenic artery.'* In spite of this, the contrast in the 
portal vessels is not so dense as in the case of direct por- 
tographies: splenoportography and percutaneous trans- 
hepatic portography, which also improve the demon- 
stration of the collaterals.*° Splenoportography provides 
better visualization of the splenic vein than does percu- 
taneous transhepatic portography, and therefore some 
surgeons prefer splenoportography as the first method of 
examination when splenic vein obstruction is suspected. !’ 
Another advantage of this examination is the ability to 
measure the splenic pulp pressure. Percutaneous trans- 
hepatic portography**”* and ultrasound scanning”!"*’ have 
so far been used to demonstrate only a few cases of Spienig 
vein thrombosis. 

A characteristic operative nii is dilated, tortuous 
vessels around the spleen and stomach; the gastroepiploic 
vein, especially, is marked. The spleen is often enlarged, 
the liver is normal, and there are no dilated vessels in the 
right side of the abdomen. '®™?? Finally, it may be possible 
to demonstrate the fundamental cause of the splenic vein 
obstruction. The diagnosis can be confirmed by periop- 
erative splenoportography and pressure measurement, if 
portography has not been performed before operation.*? 


Treatment and Prognosis 


Segmental PH is treated by splenectomy. Thus, the flow 
to the varices and the other collaterals is minimized, and 
the pressure in the collaterals is reduced. To reduce the 
perioperative loss of blood, a ligature of the splenic artery 
is recommended before mobilizing the spleen with the 
great number of collaterals in the ligaments.'**? During 
the operation, further intervention can be made because 
of the fundamental disease. In the case of a pancreatic 
pseudocyst, some surgeons’**? prefer cystojejunostomy 
to cystogastrostomy in order to reduce the risk of bleeding 
from the gastric mucosa of the stomy. 

In two patients, percutaneous embolization of the 
splenic artery was performed. One patient was abserved 
for 2 years without bleeding.** The other developed a large 
abscess of the spleen.” 
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The question of prophylactic splenectomy, ie., sple- 
nectomy because of segmental PH in the absence of gas- 
trointestinal bleeding, is not sufficiently clarified.'?*° In 
our review, we found only six patients in whom prophy- 
lactic splenectomy was not performed, and the course of 
these patients does not enable us to draw any reliable 
conclusions. One argument in favor of not performing 
splenectomy is a few instances of regression of the splenic 
vein obstruction in connection with improvement of the 
fundamental disease.2!°°*! 


Conclusion 


Isolated splenic vein obstruction is a rare but important 
condition that gives rise to the formation of gastrointes- 
tinal varices, which, in their turn, imply a risk of serious 
upper gastrointestinal bleeding. The condition should be 
considered, especially if isolated gastric varices are present 
in a patient who shows signs of a pancreatic disease and 
no signs of a liver disease. The diagnosis can be confirmed 
by arterioportography, probably accompanied by spleno- 
portography. 
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One hundred one patients, 54 with cirrhosis of liver, 31 with 
noncirrhotic portal fibrosis (NCPF), and 16 with extrahepatic 
obstruction (EHO), were followed up at monthly intervals for a 
mean (+SD) period of 17.9 + 4.8 months after achieving total 
variceal eradication with endoscopic sclerotherapy. Recurrence 
of esophageal varices was seen in 19 (18.8%) patients, 12 with 
cirrhosis and seven with NCPF, within a mean (+SD) period of 
5.7 + 1.6 months. No patient with EHO showed recurrence. 
Three (2.9%) patients rebled from the recurred varices. Mean 
(+SD) number of sclerotherapy sessions and the amount of ab- 
solute alcohol required for eradication of recurred varices were 
1.6 + 0.8 and 3.6 + 1.8 ml, respectively. Dysphagia and esoph- 
ageal stricture were present in 15 (14.9%) patients with nearly 
similar frequency in patients with cirrhosis, NCPF, and EHO. 
Dysphagia in four patients with stricture improved without di- 
latation. While there were no deaths in patients with NCPF 
and EHO, 11 patients with cirrhosis died. There was significant 
(p < 0.01) improvement in the liver status of surviving patients 
with cirrhosis after variceal eradication. It can be concluded that 
variceal recurrence and rebleeding are not major problems after 
sclerotherapy. Sclerotherapy probably helps in spontaneous 
improvement of the liver status of surviving cirrhotics and re- 
duces long-term morbidity and mortality of patients with NCPF 
and EHO. 


come the treatment of first choice for controlling 

and preventing hemorrhage from esophageal 
varices.'~’ Prospective randomized clinical trials com- 
paring long-term effects of EST with conservative medical 
management and portacaval shunt surgery are now be- 
coming available.*"'° Although almost all the studies in- 
dicate that EST decreases the incidence of variceal bleed- 
ing, they have failed to resolve whether EST affects overall 
survival in these patients. These studies have, however, 
looked at mortality and morbidity figures from the point 
of entry of a patient into EST treatment and not after 
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total variceal eradication has been achieved. Also, almost 
all the patients included in these studies had cirrhosis of 
the liver. However, 20-25% of the patients with portal 
hypertension in developing countries suffer from noncir- 
rhotic portal fibrosis (NCPF).*!! Extrahepatic obstruction 
(EHO) is also an important cause of portal hypertension 
in most parts of the world. Both NCPF and EHO patients 
have good liver functions’? and theoretically should be 
able to lead a relatively normal life, if their problem of 
variceal bleeding is effectively controlled. In this article, 
we have critically analyzed the morbidity and mortality 
in three groups of portal hypertensive patients, namely, 
cirrhosis, NCPF, and EHO, after variceal eradication. 


Material and Methods 


Patients 


Out of 137 consecutive patients admitted with variceal 
bleeding between February 1983 and January 1985, 101 
patients (62 males and 39 females, with a mean + SD age 
of 34.6 + 14.9 years), who had achieved total eradication 
of varices with EST, were included in the present study 
and were followed up by repeated endoscopies using 
Olympus GIF-Q, D;, or XP endoscopes (Olympus Optical 
Co., Ltd., Shinjuku-ku, Tokyo, Japan). Of the remaining 
36 patients, 27 died from various causes (Fig. 1) during 
the course of EST and nine patients were lost to follow- 
up after receiving initial sclerotherapy. Fifty-four patients 
had cirrhosis of the liver (21 alcoholic, 33 cryptogenic or 
posthepatitic), 31 had NCPF, and 16 had EHO (Table 1). 
Patients were classified at admission according to Child’s 
classification: 54 belonged to Child’s A (9 with cirrhosis, 
29 with NCPF, and 16 with EHO), 16 to Child’s B (14 
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with cirrhosis and 2 with NCPF), and the rest, 31, to 
Child’s C (all cirrhotics) category. 

The patients were entered into the trial from the date 
when total eradication of varices was identified by two 
independent observers. Variceal eradication was achieved 
by injecting absolute alcohol intravariceally and using an 
indigenously designed Teflon® injector, as described ear- 
lier.'>4 Each patient was closely followed and was assessed 
both clinically and endoscopically at regular 4-weekly 
intervals. Development or persistence of ascites, jaundice, 
hepatic encephalopathy, or dysphagia was recorded. En- 
doscopies were done to detect recurrence of varices, the 
number and pattern of new veins and any change in the 
status of existing gastric varices or development of new 
gastric varices. EST was repeated every 4 weeks till total 
eradication of recurred varices was achieved. The patients 
were maintained on oral antacids, iron, folic acid, and, if 
needed, diuretics and hepatic coma regimen. 


Statistics 


Results of various observations were reported as mean 
+ standard deviation of the mean. Statistical significance 
of different parameters was determined by Student’s t-test 
and chi square analyses. The clinical course of the patients 
with cirrhosis of the liver was analyzed in two ways: (1) 
comparison of the pre- and postsclerotherapy liver status 
using Child’s classification (the statistical analyses were 
done using the chi square test for matched pairs in poly- 
chotomy’*), and (2) comparison of the morbidity and 
mortality during the follow-up period of patients with 
NCPF and EHO. 


Results 
Variceal Recurrence 


Mean (+SD) period of follow-up was 17.9 + 4.8 (range: 
6 to 27) months (Table 1). Nineteen (18.8%) patients were 
detected to have a recurrence during this period; 12 
(22.2%) with cirrhosis of the liver and seven (22.5%) with 
NCPF. None of the patients with portal hypertension due 
to EHO had shown recurrence of varices. There was no 
significant difference in the pattern of recurrence between 
patients with cirrhosis of liver and NCPF (Table 1). Ten 
of these patients belonged to Child’s A, three to Child’s 
B, and six to Child’s C category of liver disease. Fourteen 
(74%) patients had grade 4 and the remaining had grade 
3 varices at the time of initial admission (prior to first 
EST). The mean (+SD) time of reappearance of veins was 
5.71 + 1.6 months (range: 3 to 10 months) after eradi- 
cation. Distinct variceal columns were seen in all the pa- 
tients. These recurred veins generally looked thin, short, 
and superficial. 
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Fic. 1. The causes of death in 27 patients who died before variceal erad- 
ication could be achieved in them; symbolized as (O) death due to esoph- 
ageal variceal bleeding, (m) due to bleeding from gastric varices, (@) due 
to hepatic coma, (A) due to pulmonary complications. 


Gastric Varices 


Nine (8.9%) patients had gastric varices before initial 
sclerotherapy. Five of these patients were among the 19 
patients who had esophageal variceal recurrence. In. all 
except three patients, gastric varices disappeared after 
esophageal variceal eradication and did not recur in any. 
In these three patients, the size of the gastric varices re- 
mained unaltered. 


Resclerotherapy 


Thirty-one EST sessions were required by the 19 
patients with recurrence of varices. The mean (+SD) 


TABLE 1. Observations on Patients with Recurrence of Varices* 


Cirrhosis NCPF EHO Total 
Parameter (N = 54) (N = 31) (N = 16) (N a 101) 

Patients with 

variceal 

recurrence 12 (22.2yt 7 (22.5) 0 19 (18.8) 
Follow-up 

(months) 18.6442 175257 1692442 17.9 + 4.8 
Time of recurrence 

(months) 5.45 + 1.7 6.0 + 1.4 — 5.7 + 1.6 
Number of varices 15 +0.6 1.2+0.5 “ae 1.3 + 0.54 
Number of EST i 

sessions 16 +0.6 1.6 + 0.9 ~— 1.6 + 0.8 
Amount of alcohol 

(ml) 4.0 +1.7 3.4 t 2.1 mema 3.6 + 1.8 


* Values of various parameters are shown as mean + SD. 
+ Values in parentheses denote percentages. 
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TABLE 2. Comparison of the Liver Status of Cirrhotics—Pre- and 
Postvariceal Eradication 


After Variceal 


Child’s Grade Presclerotherapy Eradication* p 
A 9 33 
B 14 1] p< 0.01 
C 31 10 


Leenen annee raa r 


* Evaluation done at the end of the follow-up period or at death. 


number of EST sessions required per patient to totally 
obliterate the new varices and the mean (+SD) amount 
of alcohol required for this purpose is shown in Table |. 
Four (21%) patients had a second recurrence within 3 to 
5 months, which again could be tackled by one to two 
courses of EST. 


Rebleeding 


Rebleeding from varices occurred in three patients, 
two with cirrhosis and one with NCPF. Bleeding was 
from recurrence of esophageal varices below the post- 
sclerotherapy stricture in two patients, one with cirrhosis 
and another with NCPF. One patient with cirrhosis bled 
from gastric varices that were present before initial sclero- 
therapy and persisted after esophageal variceal eradication. 
Four other Child’s C cirrhotics, in end stage hepatic failure, 
bled during the course of their terminal illness. Emergency 
endoscopy could not be performed in them to identify 
the site of bleeding because of deep coma. 


Esophageal Stricture 


Fifteen (14.9%) patients—six (11.7%) with cirrhosis, 
seven (22.5%) with NCPF, and two (12.5%) with EHO— 
had esophageal stricture with dysphagia at the time of 
entry into the trial. All of them were initially followed for 
a period of 2~3 months without dilatation and were treated 
with antacids and, if needed, metaclopramide (10 mg tds). 
Dysphagia improved spontaneously in four (27%) of them 
within this period. Eleven patients, however, required a 
mean (+SD) of 2.33 + 0.87 dilatations to relieve their 
symptoms. 


Clinical Course 


Since in this study we have included follow-up of only 
those patients who had successfully completed variceal 
eradication, patients who died before total variceal oblit- 
eration was achieved have been excluded (Fig. 1). 

All patients with NCPF, except two who belonged to 
Child’s B class, and all the patients with EHO were in 
Child’s A category in the presclerotherapy period. The 
two NCPF patients returned to Child’s A category within 
a few days of variceal bleeding. 
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Applying the chi square test for matched pairs in poly- 
chotomy for assessing the liver status in the cirrhotic pa- 
tients in the pre- and postsclerotherapy period, a signifi- 
cant (p < 0.01) increase was found in the number of pa- 
tients who improved after EST, going from C to B as well 
as A and also from B to A category of Child’s liver disease 
(Table 2). 

Of the 10 patients with cirrhosis who continued in 
Child’s C category, six suffered from chronic intermittent 
portasystemic encephalopathy. Three other patients con- 
tinued moderate drinking and persisted with ascites and 
jaundice. One patient remained with refractory ascites. 
Patients belonging to NCPF and EHO groups continued 
in Child’s A class with good liver functions all through. 

There were 11 (10.9%) deaths after total variceal erad- 
ication was achieved, all in the cirrhotic group. Eight pa- 
tients belonging to Child’s C category succumbed to he- 
patic encephalopathy. Four of these patients developed 
upper gastrointestinal hemorrhage during the course of 
the terminal disease. Two other patients died of rebleeding 
from varices. One patient, an epileptic female with Child’s 
A cirrhosis, committed suicide by taking an overdose of 
phenobarbitone. There were no deaths in the NCPF and 
EHO groups. 


Discussion 


One of the strong criticisms of the efficacy of endoscopic 
sclerotherapy has been a high incidence of rebleeding. '® 
This could occur after initial successful eradication of 
esophageal varices due to recurrence of esophageal varices, 
development or enlargement of existing gastric varices, 
or incidental erosive mucosal lesions of the upper gas- 
trointestinal tract. Theoretically, if careful attention is paid 
to manage each of these possible etiological factors, it 
should be possible to minimize the chances of rebleeding. 
The results of our study support this contention. While 
recurrence of esophageal varices was seen in 18.8% of 
patients, rebleeding was encountered only in three (2.9%). 
Reports from Cape Town and King’s College Hospital, 
London, have mentioned recurrence of varices in about 
two-thirds of patients with a high incidence of rebleed- 
ing.®!® Our lower rebleeding rates could possibly be be- 
cause of our policy of monthly re-endoscopy, which would 
detect variceal recurrence much earlier than others who 
have followed up their patients at 3-12 monthly inter- 
vals.°*'° Since, in all these studies, rebleeding was due to 
recurrence of esophageal varices, it can be argued that 
these bleeding episodes could have been prevented had 
endoscopy and repeat EST been done at an early date, as 
was done in our study. 

As in two of our patients, one is sometimes faced with 
the problem of recurrence of varices below the level of 
esophageal stricture. Besides the apprehension of ruptur- 
ing the varices during dilatation, recurred veins in these 
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patients are likely to be missed.at endoscopy and may 
result in massive bleeding. Management of bleeding from 
such recurred varices below an esophageal stricture is often 
difficult. ee l 

Little is known about the fate of gastric varices after 
eradicàtion of esophageal varices. While some investiga- 
tors have reported that they disappear once esophageal 
varices are obliterated,” others maintain that gastric var- 
ices can bleed after ablation of esophageal varices, whether 
due to an increase in the size of existing gastric varices or 
to the appearance of new gastric varices is not clearly 
known. In the present study, gastric varices disappeared 
in two-thirds of the patients after esophageal variceal 
eradication. In none ofthe 19 patients who had recurrence 


_ of esophageal varices did gastric varices appear. The pos- 


sibility of gastric varices appearing at a later date, when 
esophageal varices have already become large, cannot, 
however, be excluded. Terblanche et al.’ have reported 
two patients who presented with bleeding from gastric 
varices after being lost to initial follow-up. 

The incidence of other bleeding lesions associated with 
portal hypertension is very low in developing countries 
like India.'' This could possibly be due to a relatively low 
incidence of alcoholism and alcoholic cirrhosis in India 
as compared with the Western countries. In the present 
series also, alcoholic cirrhosis comprised only 20.8% of 
total patients with portal hypertension. We still advised 
regular antacids to our patients and asked them to avoid 
all steroidal and nonsteroidal drugs and alcohol and 
were successful in preventing bleeding from erosive 
mucosal lesions. Unlike earlier reports, recent studies 
from the West have indicated a low frequency of associ- 
ated lesions.!® 

The frequency and profile of variceal recurrence was 
nearly similar between patients with NCPF and cirrhosis 
(Table 1). Varices had recurred in none of the patients 
with EHO. It is possible that recurrence occurs much later 
in this group of patients because of the presence of a larger 
number of extrahepatic collateral channels in them. In 
the only other report, Johnson et al.'? found that patients 
with EHO remained free from rebleeding for a mean of 
2.5 years, as compared with 10 months in cirrhotics. Se- 
verity of the underlying disease also was not found to 
influence variceal recurrence in our series. 

There are conflicting reports about the efficacy of EST 
in improving the survival rates in cirrhotic patients.!° 
While three controlled trials have shown better survival 
in the injected group of patients than in controls,** others 
have demonstrated little difference in the long-term sur- 
vival between the two groups.’~!° Confusion has been due 
to inconsistencies in patient selection, the points at which 
patients were entered in the trial, and the way in which 
the controls were treated.?° While our results cannot in- 
dicate whether EST improved the overall survival in cir- 
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rhotic patients, as we have not included any conservatively | 
treated controls and also have excluded deaths before var- 
iceal eradication was achieved, our data, however, clearly 
show that the liver status of surviving cirrhotic patients 
had improved with variceal obliteration (Table 2}. There 
was a significant reduction in the number of patients be- 
longing to Child’s C class of liver disease after EST. Prog- 
nostic value of Child~Turcotte’s criteria in medically 
treated cirrhosis has been reaffirmed recently.7! Our ob- 
servations are supported by preliminary observations by 
Macdougall et al., who have reported recovery in liver 
functions after EST. Although the exact mechanism un- 
derlying improvement in the liver status is not clear, it is 
likely to be due to spontaneous recovery, once EST re- 
duces the onslaughts of bleeding. 

Patients with noncirrhotic portal fibrosis and extrahe- 
patic obstruction are known to have good liver func- 


- tions.'!!222 While jaundice, ascites, and hepatic enceph- 


alopathy are quite uncommon, the only fatal complication 
seen in these patients is variceal bleeding.” Portacaval 
or lienorenal shunt surgery is accompanied with a fair 
degree of morbidity and mortality in patients with these 
two diseases.''** The fact that 100% survival without sig- 
nificant morbidity could be accomplished by EST in these 
patients has great therapeutic potential. It is in these pa- 
tients with NCPF and EHO that prophylactic EST can 
be contemplated in the future, once the technique of EST 
improves with reduced complications and mortality. Ex- 
cept for patients with massive splenomegaly and hyper- 
splenism, EST may prove to be the most effective and 
useful treatment for this group of patients. 

The long-term morbidity of EST was limited to dys- 
phagia, which was present in 14.9% of patients. There was 
no significant difference in the incidence of dysphagia 
among the three groups of portal hypertensive patients. 
It has been earlier shown by us that esophageal ulcers 
occurring after EST are generally benign and should not 
be considered as a complication leading to stricture for- 
mation.” 

Esophageal motility disorders leading to dysphagia 
without esophageal stricture formation have been reported 
by some workers.” We did not encounter this phenom- 
enon. Dysphagia was, however, seen to improve sponta- 
neously in four (27%) of our patients with the passage of 
time along with a reduction in esophageal narrowing. This 
could possibly be due to reorganization and slow resorp- 
tion of the fibrous tissue of the stricture. A tendency to 
restricture formation and recurrence of dysphagia after 
initial successful dilatation of the stricture was not ob- 
served in any patient. 

On the basis of our results, it can be concluded that 
recurrence of varices and rebleeding are not a major 
problem once variceal eradication has been accomplished. 
EST probably helps in improvement of the liver status of 
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surviving cirrhotics and overall survival of noncirrhotics 
and EHO patients. Keeping in mind the costs and everall 
complications of shunt surgery,’ EST appears to be a safer, 
simpler, and a cost-effective treatment for the long-term 
management of portal hypertension. 
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"P nuclear magnetic resonance (NMR) spectroscopy has been 
used to follow the metabolism of acutely ischemic rat small in- 
testine and its recovery after reversal of ischemia. Loops of small 
intestine were subjected to occlusive external pressure for up to 
60 minutes, followed by a recovery period. The depletion of PCr 
and ATP is rapid and complete within 20 minutes. Recovery 
from ischemia is also rapid but with recovery ATP levels lower 
than initial values after prolonged ischemic periods. Intestinal 
shock was avoided. Clinical recovery correlated with shorter 
ischemic periods. *‘P NMR spectroscopy thus appears to be a 
suitable technique for studying the effects of pharmacological 
agents and other treatments for amelioration of ischemic effects 
on the bowel. 


CUTE MESENTERIC ISCHEMIA is a significant cause 
of mortality and morbidity in the often infirm 
and elderly population usually affected.“ With 

aggressive diagnostic evaluation, Boley et al. reduced 
mortality from the typical 70-80% to less than 50%. To 
achieve these results, early angiography was employed. 
The use of this relatively invasive albeit potentially life- 
saving technique has beeri limited, however, possibly be- 
cause of the age and associated complicating conditions 
in these patients, as well as the relative paucity of signs 
and symptoms. A less invasive technique may be better 
tolerated in these severely ill patients and perhaps em- 
ployed with less reluctance. 
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Phosphorus nuclear magnetic resonance (NMR) spec- 
troscopy, a potentially noninvasive technique, has been 
employed in the study of metabolic response to ischemia 
in cardiac tissue, skeletal muscle,’ kidney,® liver,’ and 
brain.!° A number of reviews have been published re- 
cently.!'-'* Characteristic changes are found in the con- 
centrations of various phosphorylated metabolites. Their 
recovery after relief from ischemia can also be mea- 
sured. 15-17 

The utility of phosphorus NMR in evaluation of isch- 
emic insult to a variety of viscera suggested the possibility 
of monitoring mesenteric ischemia using phosphorus 
NMR, despite the fact that no prior report of intestinal 
31P NMR had been published. This may be attributable 
to the relatively low average density of intestine as well 
as the lower concentrations of phosphorus metabolites 


` compared to other tissue (liver, heart, or kidney). As a 
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result of this low density, the signal-to-noise ratio from 
intestine will be lower than that from high density tissues; 
thus, longer data collection times are needed to achieve 
results of comparable equality. An additional technical 
complication is associated with the lack of a definite spe- 
cific location and shape for this viscus compared to the 
solid organs. Although spatial resolution for “'P NMR 
cannot equal proton magnetic resonance imaging (MRD 
because of concentration and magnetic moment differ- 
ences, a variety of techniques are being developed’*”° 
that will eventually allow in vivo bowel 7!P NMR spec- 
troscopy. 
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FiG. 1. Diagram of rat with exteriorized intestine placed in NMR sole- 
noidal coil, positioned for application of hydrostatic compression to pro- 
duce ischemia. The balloon is connected via arterial tubing to a calibrated 
manometer. 


The purpose of this study was to develop and validate 
a model using *'P NMR to detect acute ischemia in in- 
testinal tissue. To this end, we have employed a rat model 
similar to that developed and characterized by Haglind 
et al.*’ for a different purpose. In this model, hydrostatic 
pressure is applied to the exteriorized root of the mes- 
entery, occluding mesenteric circulation. Depending on 
the magnitude of the pressure applied, this will lead to 
irreversible shock and death. Although we compressed 
only two loops of small intestine, carefully excluding 
compression of the cecum, we used a hydrostatic pressure 
of 100 mmHg, which, in the model of Haglind et al., 
invariably leads to irreversible shock and death within 
hours. This was done to ensure a compressive pressure 
more closely approximating the mean arterial pressure, 
In this study, we delineate some of the parameters asso- 
ciated with this model, with the purpose of continuing its 
use in therapeutic attempts. 


Methods 


Twenty-six, 200-250 g healthy Wistar female rats (Ace, 
Boyertown, PA) were employed. Animals were main- 
tained on standard rat chow and water ad lib until 2-4 
plays prior to use in these experiments, at which time rat 
chow was withheld; water was continued. Pentobarbital 
sodium 5 mg/100 g was administered intraperitoneally 
for anesthesia. This dose was sufficient to ensure adequate 
sedation for at least 2-3 hours. Only one death on in- 
duction of anesthesia was encountered in this series. 

A femoral arterial line was placed by cutdown for con- 
tinuous monitoring of blood pressure and administration 
of fluids. At least 10 ml/kg/hr of physiological saline was 
given through this line during the experimental! procedure 
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to ensure adequate hydration and avoid hypovolemic 
shock. 

A midline abdominal incision 2 cm long was made, 
and the bowel was gently exteriorized. The bowel was 
placed within a rubber sheath to minimize fluid loss. A 
compression device consisting of a plastic ring and a bal- 
loon, shown in Figure 1, was placed over two loops of 
small bowel, which was then inserted into a solenoidal 
NMR coil of four turns. The balloon was connected via 
arterial tubing to a manometer. The applied compressive 
pressure could be altered and continuously monitored 
without disturbing the position of the intestines in the 
NMR coil. 

The entire assembly was placed in the position of max- 
imum magnetic field uniformity in a 2.1 T Oxford As- 
sociates superconducting magnet (Oxford, England) with 
a 27 cm room temperature bore. Magnetic resonance 
spectra were obtained with a Phospho-Energetics Model 
250-80 spectrometer (Philadelphia, PA). Proton magnetic 
resonance of water was used for adjusting the field uni- 
formity. The frequency was then shifted to observe 3!P 
NMR at approximately 35.8 MHz. Scans were taken every 
4 seconds. Pulse width was adjusted for maximum free 
induction decay (FID) signal. Adequate signal-to-noise 
could be obtained in under 5 minutes. On some occasions, 
a tiny sample of methyl phosphonate, in a capillary tube, 
within the NMR coil but external to the intestinal sheath, 
was employed as a calibrating standard. The spectrum 
from this sample lies well away from the magnetic reso- 
nance spectra of biological interest with a chemical shift 
of approximately 15 ppm downfield from phospho- 
creatine (PCr). 

After obtaining a control baseline spectrum for each 
rat, the balloon was inflated to 100 mmHg. The bowel 
quickly became pale and then cyanotic. Ischemia was 
maintained for a variable time (up to 60 minutes). During 
this interval *'P spectra were collected. At the end of the 
ischemic interval, the balloon pressure was released and 
a recovery interval followed. *'P recovery spectra were 
collected during this time. After a 90-minute total evis- 
ceration time, the intestine was visually inspected and 
then returned to the abdominal cavity, which was closed 
in two layers. The femoral line was removed, and the rat 
was observed for survival for up to | week, at which time 
it was killed and the abdominal cavity inspected for evi- 
dence of stricture, abscess, peritoneal fluid, pus, or gan- 
grenous bowel. Postlaparotomy, water was allowed ad lib, 
but rat chow was withheld for an additional 48 hours. 

In order to compare this model of acute ischemia with 
that described by Haglind et al.” additional rats were 
subjected to an equivalent regimen, without, however, 
being placed in the NMR spectrometer. This provided 
more accurate survival data. Figure 2 shows a typical 
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Fic. 2, Typical tracing of 

mean arterial pressure mon- 

itored during 60 min isch- 

emic period and 30 min re- 

covery period. Arterial line is 

placed in the femoral artery. 0 
= flush arterial line. - 
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tracing of the mean arterial blood pressure (MAP) during 
the ischemic and recovery phases. There is a drop in MAP 
at the time of release of compression as the bowel is re- 
perfused. This momentary hypovolemic pressure drop 
ends in about 10 minutes. With a compression of 100 
mmHg, Haglind et al. found that the MAP falls through- 

out the ischemic period and continues to remain low in 
the recovery period. ‘None of our experimental animals 
showed a decline i in pressure during the ischemic period, 

possibly because of fluid replacement given continuously 
throughout the experimental period. Mortality rates, 

where comparable, are similar, however, These are shown 
in Table 1. 


Results 


The abdominal cavity of all the rats was inspected when 


the rats died or were killed. In the case of rats dying over- 
night, the inspection took place within hours of death. In 
no case was perforation, abscess, pus, or frankly gangren- 
ous bowel observed. Of the rats surviving until they were 
killed, a few had developed adhesions, some of which were 
massive, but in no case was there stricture or obstruction. 


_ These rats all regained and surpassed their original weight. 


A typical ?!P NMR spectrum of normal small intestine 
is shown in Figure 3A. Figure 3B shows a similar spectrum 
of the normal cecum. The lumen has been flushed with 
normal saline. The peaks have been labeled corresponding 
to their position as determined by comparison with high 
resolution spectra of known phosphorus compounds. AS 
noted, there is some overlap in the position of some of 
the adenosine triphosphate (ATP), adenosine diphosphate 


TABLE 1. Money Rates ier Various Periods of Ischemia 


Total PETER Time 
Control 30 Minutes 60 Minutes 
0/5* 3/6 5/6" 


* Number died/number subjected to treatment. 


(ADP), and nicotinamide adenine dinucleotide (NAD) 
peaks. The phosphomonoester (PME) peak often repre- 
sents sugar phosphates that are located in the region shifted 
between 7 and 8 ppm to the left of PCr.?? A methanol- 


 hydrachloric acid extraction of the rat small intestine was 


performed and a high resolution *!P NMR spectrum was 
obtained. In the PME region, two main peaks were found 


with chemical shifts of 6.95 and 6.40 relative to PCr (ex- 


tract pH 8. 9). These shifts are consistent with peak iden- 
tifications of phosphorylethanolamine and phosphoryl- 
choline, respectively.” Other, small peaks were seen in 
the extract consistent with phosphorylated sugars. 
Figure 4 demonstrates typical °’P NMR spectra taken 
before, during, and after acute segmental ischemia. Figure 
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Fic. 3. Typical *'P NMR spectrum of rat intestine at 35.8 MHz. The 
lumen has been flushed with normal saline. The labeled peaks are phos- 
phomonester (PME), inorganic phosphate (P,), phosphodiester (PDE), 
the a, 8, y peaks of adenosine’ 5’ triphosphate (ATP), the a and 8 peaks 
of adenosine 5’ diphosphate (ADP); nicotinamide adenjne dinucleotide 
(NAD). Pulse width adjusted to 0.04 msec for maximum FID amplitude., 
The repetition time was 4 seconds. Esch spectrum represents an average 
of over 240 scans with a total collection time of 16 minutes. A 15-Hz 
Lorentzian line filter was employed for improved signal-to-noise. _ 
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Fics. 4A-C. Rat small intestine P NMR. (A) control, (B) after 15 min- 
utes of ischemia, (C) during recovery from ischemia. Peaks are identified 
as in the caption to Figure 3. Spectra each represent 75 scans averaged 
over 5 minutes. Other conditions are as in the caption to Figure 3. 
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Fic. 5. Typical fall-off in amplitude of the ATP 8 peak relativeto PME 
peak after onset of ischemia. Horizontal bar indicates time average of 
signal over this period. 
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4B was collected over the time period between 15 and 20 
minutes after onset of ischemia. Figure 4C is averaged 
over the 5 minutes recovery period starting 5 minutes 
after release of compression. We note that the phospho- 
creatine peak, easily identified in Figure 4A, has disap- 
peared in Figure 4B, as has the bulk of the peaks assigned 
to ATP. The inorganic phosphate peak has increased and 
moved toward the right (lower pH). As noted in Figure 
3, only the beta peak of ATP is solitary. It has also moved 
to the right (ower pH). The PME peak appears essentially 
unchanged. In Figure 4C, the ATP peaks and the PCr 
peak have partially recovered. The recovery did not ad- 
vance beyond this point when followed to 60 minutes 
(data not shown). 

The PCr peak could not be accurately followed for po- 
sition and intensity because of the overlap by the PME 
peaks. We therefore chose to use the ATP beta peak, which 
is spectrally isolated, although somewhat broader than 
PCr. Within our time resolution, which is a function of 
the signal-to-noise of the *’P free induction decay, itself 
dependent on the concentration of the phosphorylated 
compounds, and the relaxation time of the *'P, we found 
the PCr fall-off with ischemia to parallel that of the ATP 
peaks. In Figure 5, the decrease of the ATP beta peak 
with ischemia is shown. Its magnitude is shown relative 
to that of the PME peak, which does not appear to change 
with ischemia. Below a value of 0.2, it is difficult to dis- 
tinguish the peak from noise. We see that the ATP beta 
peak falls to half its original value in about 5 minutes of 
ischemia. 

During the recovery phase, we found that the ATP 
peaks and PCr seemed to return simultaneously. The re- 
covery of the ATP beta peak following release of 
compression is shown in Figure 6. The ATP beta peak 
quickly reaches a plateau whose relative magnitude de- 
pends on the total ischemic time. The peak value does 
not increase thereafter, even with a 60-minute observation 
time. In Figure 7, we show the percentage of recovery to 
this plateau as a function of the total ischemic period. 
The curve is approximated by a straight line. 


Discussion 


The small intestinal mucosa is especially sensitive to 
ischemic insult. In the rat, only 30 to 60 minutes of isch- 
emia are needed to produce prolonged functional and 
structural changes,” although eventual recovery can be 
complete.*!*? Clinical recovery of the animal depends in 
addition on numerous factors such as the state of hydra- 
tion, nutrition, acidosis, etc., during this period. A con- 
founding phenomenon affecting recovery is intestinal 
shock,” partly on the basis of endotoxin release from the 
ischemic bowel.’ Thus, clinical recovery, per se, may 
not be an appropriate indicator of ischemic damage, at 


er 
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least in experimental animals, In the present study, we 
found increased mortality with prolongation of ischemia. 
This mortality was not associated with shock during the 
experimental period. Most of the animals evaluated for 


Survival lived until they were killed (9/ 17) or died within 


24 hours of the experiment (7/17). One died 3 days later, 
with no evidence of abscess, perforation, or gangrenous 
bowel. We also found that visual inspection of the bowel 
immediately postexperiment did not give any clear idea 
of survivability. 

‘On a molecular level, PCr and ATP were rapidly de- 
pleted i in this metabolically active tissue, with short-term 
recovery progressively limited with increasing ischemic 
periods: This appears to be a very typical pattern that has 
been seen in brain,” kidney,'* and heart!” but not in 
unexercised ischemic skeletal muscle.’ In the latter tissue, 
ischemia occurring at rest allows for a very gradual de- 
pletion. of PCr followed eventually by decreases in ATP. 

' There have been numerous pharmacological attempts 
to ameliorate the devastating effects of ischemia on the 
bowel with vasodilators,” free radical scavengers,“ 
inotropic agents,“ and substrate.*® In- other organs, 
MgCl,-ATP. has been successfully used to enhance recov- 
ery, 15164647 It ig logical to enhance these types of studies 
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with *'P NMR spectroscopy with its possibility of repet- 
itive nondestructive metabolic sampling. 

The present study demonstrates that intestinal ischemia 
can be easily detected by magnetic resonance spectros- 
copy. Further, the intestine is metabolically very sensitive 
to ischemic insult but can recover more or less fully if the 
period of ischemia 1 is less than 15 minutes. 
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High Ornithine Decarboxylase Activity and 
Polyamine Levels in Human Colorectal Neoplasia 





GLENN M. LAMURAGLIA, M.D. 


Polyamines are required for cell proliferation, and ornithine de- 
carboxylase (ODC) is the first and probably rate-limiting enzyme 
in their synthesis. Tissue containing colonic or rectal adenocar- 
cinomas (N = 34) or polyps (N = 6) and noninvolved paired 
colonic mucosa were obtained from fresh surgical specimens. 
ODC activity was elevated (mean: 320%) in both the cancer and 
polyps. In noninvolved colonic mucosa of tumor-bearing speci- 
mens, ODC activity was 165% that of colonic mucosa of non- 
neoplastic disease. Concentrations of polyamines in neoplasms 
were 121-214% increased, as compared with normal mucosa; 
those of spermidine and spermine varied inversely with the his- 
tological grade of the tumor. High levels of ODC activity and 
of polyamines were features of neoplasia, but not of malignancy 
alone. These characteristics of colonic neoplasia suggest its sus- 
ceptibility to control by inhibition of ODC. 


HE ALIPHATIC POLYAMINES putrescine, spermi- 
dine, and spermine are ubiquitous intracellular 
bases required for normal and neoplastic growth. ! 

Among their other functions, they facilitate transcription, 
translation, and initiation of protein synthesis. Tropic 
stimuli can greatly increase polyamine concentrations, 
largely by increasing the activity of ornithine decarbox- 
ylase (ODC), which catalyzes the first and probably rate- 
limiting step in their synthesis: the conversion of ornithine 
to putrescine.? 

Sustained levels of ODC have been implicated as an 
essential component of tumor development.” Elevated 
levels of ODC are found in proliferating normal cells*’ 
and during neoplastic transformation.?*"!' Promoters of 
colonic tumors such as sodium deoxycholate and high- 
fat diets increase ODC activity in rats. > During 
dimethylhydrazine (DMH)-induced carcinogenesis, rat 
colonic mucosa has increased ODC activity,'*!> and 
treatment with a-difluoromethylornithine (DFMO, an ir- 


Supported in part by grants from the Ministry of Foreign Relations 
and the Foundation for Medical Research of France. 

Reprint requests: R. A. Malt, M.D., Massachusetts General Hospital, 
Boston, MA 02114. 

Submitted for publication: November 12, 1985. 


FRANCOIS LACAINE, M. 


D. 


89 


RONALD A. MALT, M.D. 


Le NATH AAAH AAEN AA A A A ra ALL AALAN L mi hhh Laa AN AME 


From the Surgical Services, Massachusetts General Hospital 
and Shriners Burns institute, and the Department of Surgery, 
Harvard Medical School, Boston, Massachusetts 


reversible inhibitor of ODC) reduces the incidence of 
DMH- induced colorectal tumors in mice by 94%.'® 

We examined spontaneous human colorectal adeno- 
carcinomas, polyps, and normal-appearing mucosa from 
operative specimens to determine both the relative activ- 
ities of ODC and the polyamine profile of these human 
tissues. A preliminary account of this work has been pub- 
lished. !” 


Materials and Methods 


Operative specimens of human colon were obtained 
from nonobstructed patients (N = 47) and processed 
within 10 minutes of colectomy. No patients had received 
chemotherapy or radiotherapy. After the bowel was slit 
lengthwise and washed in ice-cold water, samples of non- 
necrotic tumor, of nearby normal-appearing mucosa, of 
polyps, and of small bowel, when applicable, were placed 
in iced buffer (50 mM sodium phosphate, pH 7.2, 1 mM 
EDTA, and 2 mM dithiothreitol). 

Assays were performed on tissue suspensions homog- 
enized on ice for 6 seconds using a Polytron (Brinkman 
Instruments Inc., Westbury, NY). Samples for enzymic 
activity were centrifuged at 35,000 X g for 20 minutes at 
4 C. The supernatant was immediately frozen at —85 C 
for subsequent analysis. ODC activity on an ornithine 
substrate was determined in duplicate using a modification 
of the method of Lapointe and Cohen to assay “CO, 
generated.'® For a final volume of 300 ul, the incubation 
wells contained 160 ul of supernatant, | mM pyridoxal 
phosphate, 0.2 mM L-ornithine, and 0.25 uCi of DL-[I- 
'Clornithine (specific activity, 47.2 mCi/mmol, New 
England Nuclear Corp., Boston, MA). The mixture was 
incubated at 37 C for the collection of '*CO, in barium 
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FG. 1. Ornithine decarboxylase activity of specimens. Lines connect 
samples taken from the same patients. 


hydroxide-saturated discs. After the reaction was stopped 
at | hour by adding 50 ul of 2 N sulfuric acid, '*CO, was 
collected for another 30 minutes. Ba'*CO; was counted 
in toluene:Triton X-100 media at 78% efficiency by in- 
ternal standard. Controls were heat-inactivated superna- 
tants. 

Kinetic studies were performed on tissue harvested in 
0.9% NaCl and fragmented with a scalpel. Fragments from 
the same specimen were incubated in 0.5 ml 0.9% NaC] 
aliquots at 37 C. The suspensions of tissues were then 
combined with 1.5 ml iced buffer, kept at 4 C, and proc- 
essed as regular samples. Half-life tissue measurements 
were determined from ODC activity, using the formula 
ti = °° 7K (ref. 19), 

Protein content was analyzed using the Bio-Rad Protein 
Assay Kit (Bio-Rad Laboratories, Richmond, CA). 
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Quantitation of putrescine, spermidine and spermine’ 
was kindly carried out by Dr. Peter P. McCann and Mr. 
Keith A. Diekema at Merrell Dow Research Center, Cin- 
cinnati, Ohio. Homogenates were brought to 0.4 M per- 
chloric acid with 5 M perchloric acid. After 12-24 hours 
at 4 C, the specimens were centrifuged at 15,000 X g for 
15 minutes and were filtered through a 0.45 um filter. 

Official reports of the specimens by the Department of 
Pathology were accepted for histopathologic classification. 

Statistical analysis was performed using Student’s t-test 
for paired data and the Wilcoxon T-test, using normal 
colonic mucosa as a reference to minimize individual 
variations caused by surgical technique, nutritional state 
of the patient, and circadian rhythm of ODC2!-3 


Results 
Pathology 


Specimens were classified into three groups: (1) no neo- 
plastic tissue present, (2) only benign neoplastic tissue 
present, and (3) malignant neoplastic tissue present. 

Group | (N = 7) was composed of one suspected an- 
giodysplasia, one nonobstructing Stricture, and five di- 
verticulosis specimens. Group 2 (N = 6) contained all 
villous adenomas. Group 3 (N = 34) contained adeno- 
carcinomas (right colon 11, transverse colon 2, left colon 
5, rectosigmoid 16), 26 of which were moderately differ- 
entiated. Of the colons containing adenocarcinomas, 29 
also contained polyps elsewhere in the specimen: ten ad- 
enomatous, nine villous, and one both adenomatous and 
villous. Of these synchronous polyps, eight were processed 
for biochemical analysis. 


ODC Activity 


In all except one adenocarcinoma specimen, ODC ac- 
tivity was higher in the neoplastic tissue than in the cor- 
responding normal-appearing colonic mucosa (Fig. 1). 
The observed increases in enzymic activity of adenocar- 
cinoma (314%) and in polyps (324%) were similar. 

No differences were identified in comparing the ODC 
activity of the noninvolved colonic mucosa bearing benign 
or malignant neoplasms (groups 2 and 3). However, their 
average ODC activity was 165% that of the colonic mucosa 
of nonneoplastic bearing specimens (group 1). The en- 
zymic activity of the terminal ileum mucosa was 70% that 
of the colon mucosa of nonneoplastic bearing specimens. 

Histologic grade analyzed by paired differences showed 
that well-differentiated adenocarcinomas had the highest 
ODC activity as compared with polyps, moderately dif- 
ferentiated adenocarcinoma, and poorly differentiated 
adenocarcinomas (Fig. 2). 

The half-lives of ODC activity were similar in the ad- 
enocarcinomas, polyps, and colon mucosa (Table 1). 
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Putrescine levels were equivalent in all specimens of 
colonic tumor and mucosa. The concentration of putres- 
cine in ileal mucosa was approximately 50% that of the 
colonic samples (Table 1). Paired differences comparisons 
of putrescine levels with histologic grades of tumors 
showed a direct correlation of ODC activity with the de- 
gree of differentiation (Fig. 2). 

Spermidine and spermine concentrations in human 
colonic neoplasms were 121-214% those of noninvolved 
colon mucosa (Table 1). Greater spermidine and spermine 
levels were found in the polyps. Paired differences of sper- 
midine and spermine levels in colonic tumors also showed 
a direct correlation with the degree of differentiation 
(Fig. 2). 

No significant differences were noted between the poly- 
amine profile from colonic mucosa of specimens bearing 
benign or malignant neoplasms. Colonic mucosa from 
specimens not bearing neoplasms, however, had lower 
levels of spermidine (p < 0.02) and spermine (p < 0.0001), 
as compared with the colonic mucosa of tumor-bearing 
specimens. 


Discussion 


These data indicate markedly elevated ODC activity in 
human colorectal neoplasms just as in human renal car- 
cinomas,”** cutaneous epithelioma,’ and brain.” However, 
the enzymic activity in colonic neoplasms is not a distin- 
guishing feature between benign and malignant disease. 
These results coincide with previous observations in rat 
and human colonic neoplasms.'* 

During carcinogenesis of the colon, there is a general- 
ized shift of the major site of DNA synthesis from the 
lowest third of the colonic crypts to the middle and upper 
third.” This alteration throughout the colon mucosa, seen 
in very high risk patients and DMH-treated mice, occa- 
sionally results in synchronous neoplasia.” In human 
beings, the synchronous and metachronous potentiality 
of colon adenocarcinoma”*”? indicates that the disease is 
generalized throughout the colon mucosa. Our data com- 
paring tumor-bearing mucosa to nontumor-bearing mu- 
cosa support this argument. The higher ODC activity and 
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Fic. 2. Paired differences between tumors and adjacent non-involved 
colon mucosa in putrescine (PUT, @), spermidine (SPD, a), spermine 
(SPN, A) and ODC activity (O) according to histological grade. Signif- 
icance: a: p < 0.05; b: p < 0.02; c: p < 0.01; d: p < 0.001. 
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the increase of spermidine and spermine concentration 
in tumor-bearing colonic mucosa approach the levels 
found in neoplastic tissue. The increased ODC activity of 


TABLE 1. Ornithine Decarboxylase Activity and Polyamine Concentrations 


Polyaminest 
N Ti. Min ODC Activity* Putrescine Spermidine Spermine 
Adenocarcinoma 34 169 + 46 | 6.71 + 1.10 0.52 + 0.09 2.47 + 0.21 3.63 + 0.31 
Polyp 14 128 + 27 6.95 + 1.48 0.54 + 0.09 4.24 + 0.54 6.78 + 0.92 
Non-involved colon mucosa 40 133 + 26 2.14 + 0.22 0.43 + 0.07 1.98 + 0.14 3.42 + 0.23 
Control colonic mucosa 7 1.30 + 0.40 0.58 + 0.12 1.44 + 0.13 1.24 + 0,08 
Heal mucosa 6 0.91 + 0.20 0.23 + 0.06 1.57 + 0.42 2.94 + 0.73 


* pmol CO,- min”! - mg protein. 


t nmol- mg: protein™’. 
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Fic. 3. Ratio of spermidine (SPD) to spermine (SPN) by histological 
grade of neoplasms (+S.E.). 


the colon mucosa in familial colonic polyposis further 
substantiates this argument.” 

Similar half-lives in both tumors and adjacent nonin- 
volved colon mucosa verify that the differences in ODC 
activity assayed in tumors were not merely differences of 
enzyme inactivation inherent in the experimertal pro- 
tocol. The longer half-life observed in the noninvolved 
mucosa of tumor-bearing specimens compared with the 
half-life of nontransformed cells’! may be the result of 
aberrations in the enzyme inactivating mechanisms, which 
occur in preneoplastic and neoplastic tissue.* 

The polyamine content of human colonic neoplasms 
increases along with the ODC activity. The concomitant 
increase of polyamines and ODC activity implies a break- 
down in the feedback inhibition in neoplasia.':'' The fact 
that the highest polyamine content is present in the non- 
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malignant polyps, but at a lower level than is found in 
the adenocarcinomas, may be a result of decreased syn- 
thesis of polyamines and increased polyamine degradation 
through the formation of the N’-acetyl derivatives.” 

Because the polyamine levels have an indirect corre- 
lation with histologic grade, the spermidine:spermine ra- 
tio, described as an indicator of malignancy in some tu- 
mors,'' increases with the cellular atypia of the specimens 
(Fig. 3). 

Specific irreversible nontoxic inhibitors of polyamine 
synthesis such as DFMO have become available. DFMO 
inhibits growth of mouse colon cancer in vitro and in 
vivo,” potentiates the effect of 5-fluorouracil in cultured 
human colon adenocarcinoma cells,” and reduces the in- 
cidence of DMH-induced colon tumors by 94% in mice.’ 
Inhibition of ODC and polyamine synthesis might be used 
as chemoprevention”® in eulosonal dominant members 
at risk for colonic polyposis” or as one arm of a multidrug 
protocol for treatment of colon cancer. 
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Desmoid tumors are locally invasive, nonmetastasizing fibrous 
tumors most frequently seen in patients with familial polyposis 
coli (FPC). Of 325 patients with FPC treated at the Cleveland 
Clinic, 29 (8.9%) were found to have a total of 36 desmoid tumors. 
These tumors occur in young patients (mean age: 29.8 years), 
particularly women (ratio 3:1), and most appeared after previous 
colectomy (86%). The majority (72% of all desmoids, 90% of 
patients) were located within the abdomen, specifically within 
the mesentery of the small intestine. In most cases, attempts at 
surgical resection were followed by recurrence, and other previous 
treatments were similarly ineffective. Six of the 29 patients (21%) 
died from the desmoid and three died from other causes. The 
recent use of sulindac (Clinoril®) has produced some early en- 
couraging results in four patients with these tumors that have 
proven so difficult to treat in the past. 


HE MOST DANGEROUS EVENT for the patient who 
inherits familial polyposis coli (FPC) is the de- 
velopment of colorectal cancer. Although colonic 

polyposis is common to all patients with the disorder, it 
is only one of several possible manifestations. Since the 
description of Gardner’s syndrome, a variant of FPC with 
extra colonic manifestations,’ other features have been 
identified including desmoid tumors. Unlike colonic pol- 
yposis, these features are not present in all patients, and 
some affected members of a single kindred will have fea- 
tures of Gardner’s syndrome while others do not. This is 
because there is variable penetrance of genetic information 
from the chromosomal locus responsible for the entire 
spectrum of the disease.” At present, careful management 
including prophylactic colectomy in most patients with 
FPC overcomes the risk of colorectal cancer. Because of 
this, extracolonic manifestations are more frequently en- 
countered in clinical practice as patients live longer. This 
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From the Department of Colorectal Surgery, Cleveland Clinic 
Foundation, Cleveland, Ohio 


report concerns 29 patients with FPC in whom desmoid 
tumors were found. 


Materials and Methods 


A Familial Polyposis Registry was established at the 
Cleveland Clinic in 1979. Records from previously treated 
patients and other investigations have led to the identi- 
fication of over 150 families that bear the stigmata of FPC. 
Three hundred twenty-five patients with FPC have been 
treated at this center. In 29 of these patients, desmoid 
tumors have occurred. A retrospective study of these pa- 
tients was made by examination of their medical records. 
Many of the surviving patients are seen here regularly, 
and their condition is known. The other patients and their 
attending physicians were contacted by telephone and let- 
ter. In cases of death, the cause and status of the desmoid 
at that time was recorded. 


Results 


Of the 29 patients with desmoid tumors seen by us, 
there were seven men and 22 women. The mean age at 
the diagnosis of the desmoid was 29.8 years (range: 12.2- 
56.1), and this was approximately the same for both sexes. 
The mean age at the time of diagnosis of FPC was 25.4 
years. Thirty-six separate tumors were recorded in the 29 
patients, and histological verification was obtained in 20 
patients. The majority of the tumors were intra-abdom- 
inal. Twenty-six appeared in the root of the small bowel 
mesentery (four with contiguous involvement of the ab- 
dominal wall) and had an intimate relationship with the 
mesenteric vessels. Five tumors were confined to the ab- 
dominal wali (three at the site of a surgical incision), and 
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TABLE 1. Site of Desmoid Tumors in 29 Patients with 
Familial Polyposis Coli 


Intra-abdominal (mesenteric) 26 
Involving abdominal wall 4 
No involvement of abdominal wall 22 
Abdominal wall 5 
Peripheral 5 
Total 36 


five were located in the peripheral sites including the back, 
shoulder, and sacral region (Table 1). Only three patients 
(10.3%) did not have an intra-abdominal tumor. Two of 
them had desmoids in the abdominal wall, and one patient 
had desmoids in the abdominal wall and in the shoulder 
region. 

During the period of observation before the advent of 
the computerized axial tomographic (CAT) scan, the size 
of. these lesions, particularly the larger ones, was usually 
recorded in descriptive terms such as “massive,” “‘filling 


the abdominal cavity,” etc. However, smaller tumors were _ 


measured. Examination of the medical records reveals 
that, for 18 tumors, the maximum size attained was clin- 
ically measured and the mean was 14 cm. Of the remain- 
der, 11 were large and recorded descriptively as indicated 
above. In seven tumors, no estimate of maximum size 
was made. 

Colectomy predated the appearance of the desmoid tu- 
mor in 25 of the 29 patients. This time ranged from 4 
months to 19 years, with a median of 24 months. In only 
four patients (13.8%) was the desmoid present before or 
at the time of colectomy. Only three patients were asymp- 
tomatic. The other 26 patients all complained of the pres- 
ence of a mass, and 16 reported pain in association with 
the mass. Other extracolonic manifestations of FPC were 
found in 19 (66%) of the 29 patients. The most common 
were epidermoid cysts (14 patients) and osteomas (10 pa- 
tients). The remaining ten patients had no other features 
of Gardner’s syndrome. These manifestations are recorded 
in Table 2. Nineteen patients suffered a variety of serious 
complications as a direct consequence of their desmoid 
tumor. Bowel obstruction occurred in 11 patients, and 
ureteric obstruction was seen in four. One patient required 
cesarian section for tumor obstruction of the pelvic outlet, 
and lumbosacral nerve root compression occurred in one 
patient. Severe wasting and cachexia, usually due to 
chronic bowel obstruction, was seen in five patients. At 
the time of this review, 20 patients are living, six died 
from causes directly attributable to the desmoid, and three 
died from other causes including colon cancer, periam- 


_ pullary cancer, and dementia. Of the 20 living patients, 


one or more desmoids remain in 15, and five have no 
evidence of tumor. Of the six patients whose death was 
due to the desmoid, the cause was progressive cachexia 
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TABLE 2. Extracolonic Manifestations Found in Patients 
with FPC and Desmoids 


No. of Patients 


Epidermoid cysts 14 
Osteomas ll 
Duodenal polyps 

Gastric polyps 

Periampullary carcinoma 
Thyroid cancer 

Central nervous system tumor 
Nil 
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in four and complications of bowel obstruction in two. 
The status of these patients is summarized in Table 3. : 

Over the review period (from 1942 to the present), a 
wide variety of treatments for these tumors was adopted. 
Twenty-seven patients (93.1%) underwent surgery. 
Twenty-four of the 26 patients with intra-abdominal tu- 
mors underwent a total of 42 laparotomies. Eighteen of 
these were laparotomy alone or laparotomy and biopsy. 
Eight laparotomies were for relief of bowel obstruction 
by lysis of adhesions, internal bypass, or proximal diver- 
sion by a stoma. In 16 laparotomies performed on ten 
patients, a major resection of the desmoid was attempted, 
and this was judged to be complete in five cases. Three 
of these patients, two women and one man, are alive and 
tumor free 2, 5, and 14 years after resection, although 
serious postoperative morbidity occurred in two. Of the 
ten patients who had resections of the desmoid, major 
morbidity occurred in six. Three patients had extensive 
small bowel resections in association with the desmoid 
resection and required long-term parenteral nutrition. 
Other morbidity included an enterocutaneous fistula, 
duodenal fistula, ureteric injury, pancreatitis, abdominal 
wound dehiscence, and intra-abdominal sepsis. In one 
case, this morbidity contributed to the death of the patient. 
It is clear from the medical records that, in many cases, 
surgery for mesenteric desmoids was extremely difficult. 
Frequently, an attempt was made at resection but aban- 
doned because of blood loss or the demonstration of un- 
resectability due to involvement of adjacent vital struc- 
tures, particularly the origin of the superior mesenteric 
artery. 


TABLE 3. Current Status of Patients with FPC and Desmoid Tumors 





No. of Patients 

Alive 20 

With desmoid present 15 

No evidence of desmoid 5 
Dead 9 

Due to desmoid 6 er 

Due to other causes 3 
Total 29 
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TABLE 4. Summary of Treatment for Desmoid Tumors 


No. of No 
Treatment Resections Recurrence Recurrence 
Surgical resection 
Mesenteric 16 3 13 
Abdominal wall 5 3 2 
Peripheral 4 2 2 
No. of Partial 
Patients Response* No Responset 
Irradiation 2 0 2 
Chemotherapy 7 2 5 
Sulindac 6 4 2 
indomethacin 3 Q 3 


* Reduction in size. 
t Same size, continued growth. 


Surgical resection was performed on four of the five 
desmoids confined to the abdominal wall. In three pa- 
tients, no recurrence was observed after a single resection, 
but, in the fourth, recurrence occurred after both attempts 
at resection. Three of the peripherally placed desmoids 
were resected. Small tumors on the back and shoulder 
were eradicated by a single operation, but, in a third pa- 
tient, a desmoid in the lumbosacral region at the site of 
a previous laminectomy incision recurred after each of 
two resections. 

External beam irradiation was administered to two pa- 
tients (5000 rads in one and 2500 rads in the other) with 
intra-abdominal desmoids. There was no observable re- 
sponse in either case. Multiple cytotoxic agent chemo- 
therapy was used in seven patients with intra-abdominal 
desmoids, usually a combination of Adriamycin®, vin- 
cristine, and cyclophosphamide, but other drugs were also 
used. There was no response in five patients and a partial 
response in two. In these two cases, there was a reduction 
in the size of the tumor on clinical examination, but this 
process began 6 months after completion of chemotherapy 
in One patient. Both of these patients are living, but, of 
the other five, four have since died. Three died from the 
tumor, and, in one, death could be partly attributed to 
toxicity from the chemotherapy. 

Several other drugs have been used on patients with 
desmoids. These include dexamethasone, theophylline, 
chlorothiazide, and spironolactone, but they have had no 
impact on the disease. More recently, we have treated 
some patients with nonsteroidal anti-inflammatory agents, 
either sulindac or indomethacin, and the antiestrogen 
drug, tamoxifen. Six women with intra-abdominal des- 
moids have received sulindac (two in combination with 
tamoxifen). Three have had a marked reduction in the 
size of the desmoid on computed tomographic (CT) scan, 
another patient’s tumor has become inpalpable, and in 
two cases there was no change. A summary of results for 
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the most common treatments for desmoid tumors is given 
in Table 4. 

Of the 15 living patients who have evidence of a des- 
moid tumor present, only five patients now have serious 
problems related to these. Two have significant degrees 
of bowel obstruction (one patient requires maintenance 
parenteral nutrition), one has high-grade ureteric ob- 
struction requiring ureteric stents, and in two cases the 
tumor is Increasing in size. In the remaining 10 patients, 
the tumors are either static or decreasing in size, and life 
style is not significantly affected. 


Discussion 


Desmoid tumors are defined as benign fibrous tumors 
arising in the musculoaponeurotic soft tissues. They are 
locally invasive but do not metastasize. Histologically, the 
tumors are composed of mature fibroblasts. Cell nuclei 
are scarce, and atypical mitoses are rare.’ Although these 
tumors are rare in the general population, they are rela- 
tively common in patients with FPC. The main features 
of desmoid tumors in patients with FPC were described 
in a literature review by McAdam and Goligher in 1970.* 
Many of these features are apparent in our own series of 
29 patients from a total group of 325 patients with FPC, 
representing an 8.9% incidence of desmoid tumors. In 
our series, the tumors predominated in women (ratio 
3:1), the patients were relatively young (mean age of 29.8 
years), and most tumors occurred after colectomy (86%). 
Some kindreds carried a very high risk of developing des- 
moids. In one kindred, seven of nine members with FPC 
had developed desmoid tumors; in another kindred, three 
of four members with FPC were similarly affected. This 
tendency has been recorded before, in particular in the 
kindred in which Gardner’s syndrome was first described? 
Although these tumors, particularly the intra-abdominal 
variety, can be lethal, the prognosis is not universally 
gloomy. Indeed, of 15 living patients with desmoid tumors 
present, ten are relatively healthy and enjoy a reasonable 
quality of life. While these cases reflect very slowly growing 
tumors or treatment effect, we have seen one case of pos- 
sible spontaneous tumor regression in a 25-year-old male 
whose mesenteric desmoid gradually disappeared 4 years 
after cessation of all treatment. However, in several other 
cases, the tumors created serious problems, treatment was 
usually ineffective, and six of our patients died. Several 
reports in the literature indicate that radical surgical ex- 
cision is the treatment of choice,” but this is largely based 
on data of peripherally located desmoids in patients not 
suffering from FPC. We have found that most desmoids 
in FPC are mesenteric, and our results and those of others! 
indicate that surgery for these is extremely difficult, as- 
sociated with high morbidity, and 1s usually followed by 
early recurrence. It is rare for these tumors to be small 
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enough or sufficiently localized to allow resection without 
sacrifice of vital structures, especially the small bowel and 
its blood supply. This morbidity is unacceptable in view 
of the likelihood of recurrence, and we reserve surgery for 
specific indications, such as the relief of intestinal or ure- 
teric obstruction. 

Irradiation and chemotherapy have also been ineffective 
for our patients. Most series reporting success with.irra- 
diation indicate that exposure of at least 5000-rads is re- 
quired for a positive response.’ Again, this type of data 
usually pertains to peripherally located tumors.” We 
would agree with Goligher’ in concluding that mesenteric 
desmoids are relatively insensitive to irradiation and that 
heavy exposure of a wide area, including the small bowel, 
would be required to induce tumor shrinkage. Isolated 
reports of the successful use of chemotherapy have ap- 
peared,'° but our experience has been disappointing and 
no large series support the use of this modality. > 

More recently, attention has been directed towards 
hormonal ‘or metabolic manipulation of these tumors. 
This has been based on observations that the tumors are 
more common in women and enlarge during pregnancy* 
or while oral contraceptives containing estrogen are being 
taken, as occurred in one of our patients. Others have 
reported the unexpected resolution of tumors in patients 
treated with nonsteroidal, anti-inflammatory drugs for 
other purposes.'! These drugs and tamoxifen have there- 
fore been used in the management of desmoids. The 
mechanism of action of these drugs is unclear, but estrogen 
blockade may reduce genetic transcription in tumor 
growth and inhibition of prostaglandin synthesis by the 
nonsteroidal, anti-inflammatory drugs enhances the im- 
mune system producing greater numbers of T-cells and 
killer cells.‘ We have been encouraged by success with 
these drugs in other centers'*-'* and have used them in 
our patients. Six have been given sulindac (Clinoril®) in 
doses of 150-400 mg per day, and four patients (one also 
given tamoxifen, Nolvadex®, 20 mg per day) have un- 
dergone definite tumor regression. However, three patients 
treated with indomethacin (Indocid®) showed no response. 

Because of the wide variety of treatments that have 
been used on our patients and the relatively small numbers 
involved for each modality, we are unable to make firm 
recommendations regarding management. However, it is 
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our impression that radical surgery is rarely appropriate 
for the mesenteric desmoids encountered in FPC. Surgery 
is perhaps best reserved for the relief of specific compli- 
cations seen with aggressive tumors. The low incidence 
of side effects and reported success with anti-inflammatory 
drugs and tamoxifen indicate that a trial of this therapy 
is worthwhile. Such therapy should be continued .for at’ 
least six months and tumor response be assessed by serial 
CAT scans. Other institutions with a special interest in 
desmoids are also using these drugs.» 

It is clear from our data that, as fewer patients with 
FPC succumb to colorectal cancer, desmoid tumors will 
become one of the greatest challenges to the clinician 
treating FPC. 
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Current Surgical Diagnosis & Treatment, 7th Edition. Lawrence 
W. Way. 1226 pp. Los Altos, CA, Lange Medical Publications. 
1985. $31.50. 


THIS MOST RECENT EDITION of a long-time favorite reference 
has five new chapters and extensive revisions of 13 others. There 
are 49 chapters overall, each dealing with an organ system, a 
specific surgical discipline, or a facet of surgical care. The text 
admirably accomplishes its goal of providing a concise, pointed 
presentation of information to students of surgery, as well as 
serving as a contemporary reference for the experienced surgeon 
(it is updated every 2 years). 

The new chapter dealing with surgical intensive care is par- 
ticularly well done. Similarly, the new chapter on amputations 
written by a combination of vascular surgeons and an orthopedist 
is admirably complete in its approach. The student and junior 
surgical resident will find the new chapter on the acute abdomen 
both informative and readable. 

While all of the older chapters have been revised to some 
extent, many have undergone extensive revision, For example, 
the chapters on the stomach/duodenum and liver have been 
particularly well done to include the most current approaches 
to diagnosis and therapy. 

If the text has a weakness, it probably lies in the obligatorily 
sketchy treatment of most of the surgical specialty areas. Ortho- 
pedics is a noteworthy exception, with a concise, but fairly com- 
plete coverage of the field. In addition, the omission of the clas- 
sification/staging of lung cancer from that chapter is a major 
shortcoming from the student’s point of view. 

Placing references, most of them quite current, conveniently 
throughout each chapter, instead of at the end, is a thoughtful 
and useful technique. The illustrations are simple, but clear and 
complete. This is a most readable and informative text which 
will be found useful by students of surgery at every level of ex- 
perience. 


WILLIAM A. Gay, M.D. 
Salt Lake City, Utah 


Sports Injuries: Mechanisms, Prevention, and Treatment. Rich- 
ard C. Schneider, John C. Kennedy, Marcus L. Plant. 877 pp. 
Baltimore, Williams & Wilkins. 1985. $99.95. 


THIS BOOK represents a lengthy, but valuable, edition to the 
expanding literature addressing sports medicine. Its concept is 
novel to the field in that each of 29 separate sports is considered 
as a chapter on its own. There are also chapters, that deal with 
common problems or injuries such as cardiac status, knee in- 
juries, or drug use or abuse. This format makes the book a valu- 
able reference for its intended audience of family physicians, 
sports physicians, coaches, and trainers. Most of the chapters 
on specific sports include not only a discussion of the diagnosis 
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and treatment of injuries, but also data regarding the mechanisms 
and prevention, as the book title implies. 

As with any large edition, some chapters are more useful and 
better prepared than others. Particularly good chapters covered 
the sports of track and field, boxing, swimming, and tennis. The 
chapters covering sports such as surfing and triathlon with little 
previous attention in the literature are valuable references for 
even the experienced sports medicine physician. The authors 
generally are timely and current with discussion of newer tech- 
niques of imaging and treatment. Case presentations are fre- 
quently and effectively used. 

There are few negative comments about the book. Epidemi- 
ological data regarding injuries were not presented for all the 
sports. Some authors presented more opinion than substantiated 
information. However, the volume stands favorably on its merit 
and would be a welcome addition to the library of those involved 
with the medical care of injuries incurred in sports. 





WILLIAM E. GARRETT, JR., M.D., PH.D. 
Durham, North Carolina 


Subclinical Hepatocellular Carcinoma. Tang Zhao-you. 366 pp. 
Heidelberg, Springer-Verlag. 1985. 366. 


THIS COMPACT VOLUME offers a wealth of data on the subject 
of hepatocellular carcinoma. The title refers to those tumors, 
almost all of which are less than 5 cm in diameter, that are 
discovered before becoming symptomatic. The increased use of 
alpha-fetoprotein (AFP) screening of the Chinese populace on 
a serial basis has led to the early detection of these patients. It 
is interesting that the authors report a 5-year survival rate of 
72.9% for 60 resected cases of subclinical hepatocellular carci- 
noma. This is of great interest because almost 86% of the Chinese 
patients had cirrhosis. The practice of minimal hepatic resection 
for tumors in cirrhotics is documented. 

The reader interested in this field will find much to study and 
contemplate in reviewing the chapters on early detection by AFP 
screening; utility of ultrasound; and surgical methods for treat- 
ment of liver tumors, including bloodless hepatectomy, liver 
clamp techniques, cryosurgery, and laser techniques. In addition, 
there are thought-provoking sections on the immunology of these 
tumors, concepts of their etiology and spread, and experimental 
models of hepatoma. 

This extensive analysis of a large amount of clinical material 
from one of the world’s endemic areas will interest those who 
specialize in liver disorders and, also, those whose basic research 
is in oncology. It is a clearly written, well-illustrated, and well- 
documented treatise. 


RONALD K. TOMPKINS, M.D. 


Los Angeles, California 
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Management of Vascular Surgical Problems. W. Andrew Dale. 
601 pp. New York, McGraw-Hill Book Co. 1985. $55.00. 


THIS VOLUME is based on Dr. Dale’s enormous clinical experi- 
ence gained over a period of 30 years in vascular surgery. The 
volume departs in several ways from the currently available 
multiple and single authored texts in vascular surgery. First, Dr. 
Dale has an engaging and sometimes witty style that helps to 
keep one’s interest. Secondly, the book is intended to be a prac- 
tical approach to vascular surgery. Veteran vascular surgeons 
will be acquainted with Dr. Dale’s prejudices and preferences 
from his many journal contributions. In this compilation, he 
does not fail to make a strong recommendation in regard to 
each controversial issue in vascular surgery. Those familiar with 
Dr. Dale’s papers and presentations will also be familiar with 
his preference for end-to-side proximal aortic anastomoses, ag- 
gressive approach to'lower extremity revascularization, prefer- 
ence for vein as a conduit for small vessel replacements, enthu- 
siasm for intraoperative angiography, and conservative approach 
to cerébrovascular disease and the asymptomatic bruit. These 
are to mention only a few of the controversies addressed i in this 
text. 

~ In an effort to provide some balance for these opinions and 
practices, the author has provided “invited commentary” from 
eminent yascular surgeons who often are noted for their espousal 
to the opposite viewpoint. Although these commentaries are 
variable in their quality and completeness, they do add the di- 
mension of an alternative approach. 

The volume, although reasonable jn size (587 pages of text), 
is quite complete, covering not only aneurysmal and obstructive 
arterial disease but also yasospastic and nonatherosclerotic ar- 
terial disease, thoracic outlet syndrome, complications of vas- 
cular operations, and particularly valuable chapters on the man- 
agement of venous disease. 

The illustrations are derived principally from the author’s 
clinical experience and perhaps are the weakest aspect of the 
book. Many of the photographs are excessively dark, and gay 
could be improved by appropriate annotation. 

Dr. Dale has provided a useful approach to the practical man- 
agement of patients with vascular disease. Students, residents, 
and fellows who open the book seeking a concrete recommen- 
dation regarding a particular clinical problem will not be dis- 
appointed. They will find a recommendation that has proved 
successful in the enormous clinical experience gained in Nashville 
over a period of 30 years. 


RICHARD L. MCCANN, M.D. 
Durham, North Carolina 


Surgical Techniques Ilustrated: A Comparative Atlas. Ronald 
A. Malt. 962 pp. Philadelphia, W. B. Saunders Co. 1985. $85.00. 


THE PUBLICATION of Surgical Fechniques Illustrated may be 
likened to the decision to create the department store: now all 
varieties of objects, in this case superbly illustrated operations, 
are brought together in a single place. Certainly, the convenience 
alone of such a volume is a strong factor in its favor. The size 
of the atlas is also to be praised, for, being a standard textbook 
size and length, it is considerably easier to store and handle than 
many other atlases, which tend to be on oversized paper. 

It is true that the compendium can only be as good as its 
previous individual parts. Each individual ‘section of this atlas 
represents a previously published volume of the series Surgical 
Techniques Illustrated. From this reviewer’s perspective, those 
volumes were and continue to be excellent individual treatments 
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of common procedures done in general and noncardiac thoracic 
surgery. New sections on hepatectomy and radical neck dissec- 
tion are also included in the atlas. 

The’ strength of this atlas lies in the superbly drawn medical 
illustrations. The long list of illustrators who contributed to the 
book read like the “Who’s Who” of medical illustrators. All 
procedures are significantly easier to follow and understand as 
a result of the high quality of the illustrations. In addition, each 
section includes several experts’ techniques on performing that 
particular procedure. The editor has heen particularly successful 
in gathering an international list of prominent surgeons, each 
contributing his own extensive experiences with regard to the 
procedure for which he-is deemed an expert. The contrasting 
differences in approach are thus’ readily appreciated, while, si- 
multaneously, the important aspects of the operation common 
to all techniques’ become evident. Individual surgeons’ written 
explanations accompanying the illustrations are also quite help- 
ful, but to a less uniformly high degree than the drawings. 

If this atlas has any weak points, it is only that it is less com- 
prehensive than other atlases in terms of the variety of operations 
that are presented. Esophageal resection and inguinal hernior- 
rhaphy are two notable areas not addressed by the series of chap- 
ters. Nevertheless, within its scope as a text for the general sur- 
geon or the aprentice general surgeon, this is an atlas that is well 
worth the price and is highly recommended as an addition to 


the surgeon’s library. 


BRUCE D. SCHIRMER, M.D. 
Charlottesville, Virginia 


YAG Laser Bronchoscopy, Vol. 5, in the Surgical Science Series. 
J. F. Dumon, 122 pp. New York, Praeger, 1985. $23. 00. 


THIS MONOGRAPH bas been compiled by the leader in the field 
of YAG laser treatment of endobronchial and endotracheal. tù- 
mors. He reviews his extensive experience and brings together 
many of his previous ‘publications into a nice, concise reference 
book. This book is an important addition to the library of stu- 
dents of laser therapy and for those who are establishing pratocols 
for laser therapy in their institutions. It is also an excellent in- 
troduction for house officers who are being initiated into the 
techniques of YAG laser therapy. As mentioned earlier, much 
of this information has been published previously. However, a 
most important feature of this monograph is the inclusion of 
excellent views of the trachea and main stem bronchi, which 
illustrate their relationship to other structures in the hilum and 
mediastinum, the importance of which cannot be overemipha- 
sized, 

The author gives a comprehensive description of the facilities 
at his institution as well as the techniques and equipment rec- 
ommended for management of a variety of problems treated 
with laser bronchoscopy. 

In summary, this monograph will be a valuable reference for 
all specialists who use laser therapy for obstructing and bleeding 
tumors of the tracheobronchial tree. 


WALTER G. WOLFE, M.D. 
Durham, North Carolina 


General Surgery in the series Current Operative Surgery. A 
Cuschieri, T. P. J. Hennessy. 148 pp. Philadelphia, W. B. Saun- 
ders Co. 1985, $27.50. 


THIS SHORT, but very readable, book is attractively presented 
with good line drawings. The text at times is synoptic, and there 
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are flow diagrams presented in several of the chapters. These 
embrace many of the novelties of surgery, but some large areas 
are unrepresented such as vascular surgery and coloproctology, 
both fields in which there have been major advances recently. 

Many of the chapters deal with relatively untried areas of 
surgery that have no great volume of supportive data, either in 
the chapters themselves or in the current literature. The team 
is a varied one, representing interests in the United Kingdom, 
United States, and the mainland of Europe. 

Chapters on breast conservation and morbid obesity follow 
current trends, as does the chapter on conservation of the spleen. 
The surgery of the provision of gastric reservoirs shows many 
reconstructive techniques but avoids the mention of gastroin- 
testinal stapling devices. The segmental structure of the liver is 
described in detail, but the particularly clear line diagrams almost 
oversimplify. 

The chapter on peritoneal shunts stresses one or two small 
practical details. Even “noninfected” cases have had repeated 
taps of the ascitic fluid, and it is important to have their bac- 
teriology checked before allowing peritoneal fluid to have venous 
access. The fluid itself may contain debris, allowing the valve to 
become choked; the author’s preference is to have a valve for 
malignant cases that allows mechanical pumping. Few patients 
with ascites due to liver failure require such measures, however, 
since diuretic agents usually suffice. The chapter on injection 
sclerotherapy is curiously remote from the chapter on the contro! 
of varices by stapling; one cannot imagine why there was no 
attempt to group them together. 

All in all, the book has a certain novelty of approach and 
interest but must be accepted as what it is in physical texture— 
rather lightweight. 


ADAM N. SMITH, M.D. 
Edinburgh, Scotland 


Manual of Vascular Access, Organ Donation, and Transplan- 
tation. Richard L. Simmons, Martin E. Finch, Nancy L. Ascher 
and John S. Najarian. 340 pp. New York, Springer-Verlag, 1984. 
$175.00. 


THIS BOOK is a timely and valuable addition to the series Com- 
prehensive Manuals of Surgical Specialties, edited by Richard 
H. Egdahl. Authors Richard L. Simmons, Nancy L. Ascher, and 
John S. Najarian have been joined by the talented medical il- 
lustrator Martin E. Finch to create a magnificently illustrated 
text with 230 figures, many in color. The material from 15 con- 
tributors, all of whom are from Minneapolis, Minnesota, and 
are associated with the outstanding transplant programs there, 
is organized into 20 clearly defined sections. The first nine chap- 
ters provide a comprehensive textbook on dialysis access, Basic 
principles, vascular access techniques, complications, and peri- 
toneal dialysis are extensively covered. The next five chapters 
are devoted to organ donation, including the University of Min- 
nesota approach to multiple organ donation. Both cadaveric 
and living-related pancreas donation are included in the most 
detailed, best illustrated review of these topics currently available. 
The remaining chapters illustrate the actual techniques of heart, 
pancreas, liver, and kidney transplantation. Short discussions of 
the special anesthetic management required for cardiac and liver 
transplantation are included. 
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The design of the text is conducive to easy learning of new 
techniques. As the procedures are described within the text, cir- 
cled numbers are placed that correspond to circled numbers on 
the adjacent illustrations to call attention to the details and spe- 
cific steps in the sequence of each operation. The text is clear 
and succinct but is limited to those approaches that have proved 
successful at the University of Minnesota. It does not, therefore, 
have chapters on lung and heart-lung donation or transplanta- 
tion, nor does it include discussion of alternative approaches 
that have been used with equal success at other institutions. The 
Manual clearly describes, however, the proven, Minnesota ap- 
proach to many of the problems of vascular access, organ dona- 
tion, and transplantation. The text is a valuable beginning point 
for any medical student, resident, or surgeon who wishes to learn 
the techniques of vascular access, multiple organ donation and 
modern organ transplantation. The text should be in the library 
of each institution where these procedures are now performed 
or where they are contemplated in the near future. 


R. RANDAL BOLLINGER, M.D. 
Durham, North Carolina 


Surgical Decision Making, (2nd Edition). Lawrence W. Norton, 
Ben Eiseman. 333 pp. Philadelphia, W. B. Saunders Co. 1986. 
$49.95, 


‘THE AUTHORS have confirmed what was anticipated in the initial 
volume in 1978: there has been a rapid and nearly universal 
acceptance of algorithms and decision trees in surgical teaching 
and clinical care. They emphasize that the second edition is 
required to remain current with rapidly changing surgical di- 
agnostic and therapeutic procedures. Numerous recognized sur- 
gical experts from a variety of disciplines have contributed, in- 
suring that essentially every chapter in the second edition has 
been entirely rewritten. The authors have stressed how they ben- 
efited from their initial effort, which they term an experiment 
that was exploratory and cautious. 

The authors continue to emphasize the limitations as well as 
the benefits of both algorithms and decision trees. The material 
is organized with the table of contents listing body regions or 
specialty areas of interest, which allows for rapid referral to per- 
tinent reference material such as blunt abdominal trauma under 
the abdomen or ankle injury under orthopedics. Obviously, in 
a broad coverage such as this there are limitations in the extent 
of the material that can be covered. This approach does allow 
students at any level of experience and training to review the 
logical approach of an established expert in managing a variety 
of diseases and problems that can be managed by surgical in- 
tervention. The additional data described to complement the 
algorithms and decision trees as well as the pertinent references 
listed with each specific topic provide a valuable rapid review 
and reference source for all who have an interest in surgery, 
from those in training to those with experience, 

The authors have achieved their goal in providing an inno- 
vative approach to surgical education and to providing a timely 
reference source for health care delivery. 


NORMAN M. RICH, M.D. 
Bethesda, Maryland 


| October 8, 1985 
Dear Editor: 


Drs. Critchlow, Shapiro, and Silen! have designed a new op- 
eration to deal with complications of duodenal ‘diverticulum. 
Roux-en-Y duodenojejunostomy with complete duodenal di- 
version appears to provide a unique solution to an uncommon 
but difficult problem. However, the striking similarity of this 
operation to the most ulcerogenic of the four Mann Williamson 
experiments” is cause for concern. 

Mann and Williamson in 1923 described four experiments 
designed to promote ulcer formation. Their first preparation 
consisted of resection of the entire duodenum and pylorus with 
gastrojejunostomy and reimplantation of both pancreatic and 
bile ducts into the proximal jejunum. Ulcerations developed i in 
only two of ten animals with long term (393 and 500. day) follow- 
up. This operation closely resembles pylorus preserving pan- 
creaticoduodenectomy. In contradistinction, the fourth experi- 
ment described by Mann and Williamson, and considered today 
as the generic “Mann Williamson preparation,” is very similar 
to the operation described by Drs. Critchlow, Shapiro, and Silen. 
The only difference between the fourth Mann and Williamson 
experiment and the new operation proposed for duodenal di- 
verticulum is that the experimental animals had their duodenal 
contents re-enter the gastrointestinal tract in the ileum. Fourteen 
of 16 dogs so treated had ulcers at autopsy. - l 

We believe that, unlike pylorus preserving pancreatiopduo- 
denectomy, total diversion of the biliary and pancreatic secretions 
may lead to eventual jejunal ulcer formation. This is of special 
concern in patients who will otherwise achieve lengthy survival. 
Duodenal diverticulization is an appropriate operation for pa- 
tients with complications of duodenal diverticulum. Gastrec- 
tomy, however, is not mandatory,’ and truncal or selective gastric 
vagotomy may be employed if long-term survival is expected. 

Comparison of Drs. Critchlow, Shapiro, and Silen’s operation 
with pylorus preserving pancreaticoduodenectomy appears un- 
justified. Lest experience of the past be neglected, we recommend 
a cautious approach in accepting what may be an ueeroeetie 
operation for treatment of this benign disorder. E 


GREG VAN STIEGMANN, M.D. 
NATHAN W. PEARLMAN, M. D. 
LAWRENCE NORTON, M.D. 
Denver, Colorado 
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November 6, 1985 
Dear Editor: 


The concerns about marginal ulceration expressed by Drs. 
Van Stiegmann, Pearlman, and Norton are based on the theory 
that ulceration in the Mann Williamson dog preparation is 
caused by lack of bile and pancreatic juice bathing the anasto- 
miosis. Although this is a common concept, mast physiologists 

now believe it not to be the case: At present, it is thought that 
the most likely explanation i is that the inhibition of gastric Se- 
cretion by release of a substance from the small intestine is lost 
when bile and/or pancreatic Juice is ` diverted, or when major 
resection of the small intestine removes the source of this in- 
hibitor. Gastric hypersecretion occurs after massive resections 
of the small bowel, especially involving the ‘ileum,! in canine 
Heidenhain pouches following pancreatic ductal obstruction or 
fistula,? and in humans with pancreatic insufficiency.’ This hy- 
persecretion can be inhibited by feedings of meals predigested 
with pancreatic enzymes.” These observations, coupled with the 
findings of Konturek and Grossman,‘ who found marked in- 
hibition of gastric secretion when micellar lipid emulsions were 
perfused through segments of duodenum, jejunum, or ileum, 
support the concept that loss of intestinal mediated inhibition 
of gastric secretion plays an important role in the hypersecretion 
and peptic: ulcération seen in the Mann Williamson dog model 
and in humans with pancreatic insufficiency and following pan- 
createctomy. The duodenum also ‘strongly inhibits gastric se- 
cretion when perfused with acid or glucose.*. 

‘The “minor” ‘differences between duiodenojefunostomy and 
the Mann Williamson dog are quite important. First, a small 
segment of duodenum, the mucosa of which is resistant to gastric 
acid and which also may well serve to inhibit gastric acid, secre- 
tion, is present in continuity with gastric secretions. Second, the 
mixture of bile, pancreatic juice, and intestinal contents in tHe 
jejunum allows for formation of micellar fat in the proximal 
small intestine and will promote considerably more inhibition 
of gastric secretion by enterogastrone than a pancreaticobiliary 
fistula to the ileum. Therefore, we feel that, though there may 
be some small potential for ulceration with duodenojejunostomy, 
it is not high, and that a direct comparison with the Mann Wil- 
liamson preparation i$ unwarranted. To date, we have not ob- 
served ulceration i in our patients. - 


JONATHAN F. CRITCHLOW, M.D. 
MICHAEL E. SHAPIRO, M.D. 
WILLIAM SILEN, M.D. 

Boston, Massachusetts 
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June 4, 1985 
Dear Editor: 


With reference to the paper of Dr. Bauer and colleagues, “Is 
routine postoperative nasogastric decompression really neces- 
sary?”, published in Ann Surg 1985; 201:23 3-236, I was surprised 
that important details regarding comparability of Group I and 
Group H and clinical efficacy and safety of nasogastric tubes are 
lacking. 

In fact, we should know whether the percentage of patients 
with preoperative (acute or impending) intestinal obstruction or 
who required emergency surgery or received anti-H? drugs or 
drugs stimulating peristalsis was the same in Groups I and II. It 
would also be desirable to have some information about the 
duration of postoperative stay and the interval before assuming 
an oral diet in Groups I and II patients. 

Furthermore, there is no specification of the types of naso- 
gastric tubes used in Group I: what were the caliber and the 
material? Were they aspirated (continuously or intermittently) 
or just attached to a bottle on the floor? Did the surgeon check 
their proper position in the stomach during laparotomy and did 
the nurses check their functionality by period milking or irri- 
gating? What was the approximate volume of fluid aspirated per 
day (this would be an indirect estimate of their work)? 

Since considerable controversy exists on this subject and Moss 
has extensively published, claiming that an efficient abdominal 
decompression prevents postoperative adynamic ileus,” preserves 
adequate gastrointestinal function, permits a rapid transition to 
a general diet,’ and definitively shortens the postoperative stay,*4 
I would appreciate it if the authors could comment on these 
points. This would prevent the reader from drawing the obvious 
conclusion that postoperative patients without nasogastric tubes 
fare in the same way as patients with nonworking tubes or, more 
simply, that the experience reported by the colleagues of the 
Mount Sinai Medical Center is valid for the Mount Sinai only 
and cannot be exported to other institutions. 


FEDERICO BOZZETTI, M.D. 
Milan, Italy 
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November 13, 1985 


Dear Editor: 


We would like to respond to the letter by Dr. Bozzetti about 
our paper entitled “Is Routine Postoperative Nasogastric De- 
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compression Really Necessary?”, published in Ann Surg 1985; 
201:233-236. 

The purpose of the study was to determine whether routine 
postoperative nasogastric decompression afforded the postop- 
erative patient any benefit or whether there were any compli- 
cations directly attributable to the presence of a nasogastric tube. 
Prior to this study, virtually all patients having abdominal surgery 
at the Mt. Sinai Medical Center had nasogastric tubes placed 
before or during operation, and these tubes were left in place 
until intestinal function resumed after operation, usually between 
the third and sixth postoperative day. The study was performed 
to see whether a group of patients without nasogastric tubes 
suffered any complications or whether a very large percentage 
of such patients had to have nasogastric tubes inserted in the 
postoperative period. 

The nasogastric tubes used were polyethylene tubes, size 
French #16 or #18. The position of these tubes was checked by 
the surgeon during operation, and usually positioned in the an- 
trum of the stomach. After operation, the tubes were irrigated 
every 2 hours and placed to intermittent suction. These tubes 
usually drained between 600 ml and 800 ml a day. We are aware 
of Dr. Moss’s studies, and, although extremely interesting, they 
were not the subject of this report. We did not attempt to correlate 
the length of hospital stay with the presence or absence of a 
nasogastric tube after operation. Patients operated on for intes- 
tinal obstruction were not included, since all of these patients 
had tubes placed before operation. No patients on H2 blockers 
were included in the study. 

The conclusions drawn from this study, however, are quite 
clear, These are that only 6% of the patients in the group where 
nasogastric tubes were not routinely used required the insertion 
of a nasogastric tube during the postoperative period. In the 
group where nasogastric tubes were left in place after operation, 
5% of the patients required reinsertion of a nasogastric tube after 
the tubes were initially removed in the postoperative period. 
Ninety-four per cent of the patients in the study group did not 
require the insertion of nasogastric tubes after operation. There- 
fore, these patients were spared the discomfort associated with 
nasogastric tubes. As mentioned in the paper, we found no dif- 
ference in the rate of complications between the two groups. 


JOEL J. BAUER M.D. 
New York, New York 


November 18, 1985 
Dear Editor: 


After a low anterior rectal anastomosis, hydrodynamic com- 
petency of the reconstruction is sometimes tested by peranal 
inflation of the rectum with saline solution or povidone-iodine. 
Nonetheless, the integrity of hepaticojejunal and choledocho- 
jejunal anastomoses seems most commonly to be assessed by 
inspection and intuition. 

If the jejunal limb in a Roux-en-Y hepaticojejunostomy is 
occluded with a noncrushing clamp about 10-12 cm distal to 
the anastomosis and is filled transmurally with saline solution 
injected through a 19-gauge thin-wall needle, leakage at the 
anastomosis will be obvious and correctable. The needle track 
requires no attention. Other anastomoses can be tested using 
the same principle. 


RONALD A. MALT, M.D. 
Boston, Massachusetts 
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The high-visibility pistol-grip stapler that 
gives you precise placement control. 
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fundoplication. All studies show the 
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oxycodone HC!" 5.0 mg, acetaminophen 500 mg 








EQUIPOTENT TO PERCODAN 
WITHOUT ASPIRIN 


*Warning: May be habit forming 





Brief Summary of Prescribing Information 

The following is a brief summary only. Before prescr bing, see 
complete prescribing information in TYLOX product labeling 
CONTRAINDICATIONS: TYLOX capsules should not be 
aaministered to patients who have previously exhibited hypersen 
Sitivity to any component 

WARNINGS: Drug dependence. Oxycodone can produce drug 
dependence of the morphine type and, therefore, has the 
potential for being abused. Psychic dependence, physica 
dependence, and tolerance may develop upon repeated 
administration of TYLOX capsules, and they should be prescribed 
and administered with the same degree of caution appropriate tc 
the use of other oral narcotic-containing medications. Like other 
Narcotic-containing medications, TYLOX capsules are subject to 
the Federal Controlled Substances Act (Schedule I!) 

Special Risk Patients: TYLOX capsules contain sodium 
metabisulfite, a sulfite that may cause allergic-type reactions (e g 
hives, itching, wheezing, anaphylaxis) in certain susceptible 
persons. Although the overall prevalence of sulfite sensitivity in 
the general population is probably low, it is seen more frequently 
n asthmatics or in atopic nonasthmatic persons 
PRECAUTIONS: General: Head Injury and Increased /ntracrania 
Pressure: The respiratory depressant effects of narcotics and 
their Capacity to elevate cerebrospinal fluid pressure may be 
markedly exaggerated in the presence of head injury, otner 





intracranial lesions, or a pre-existing increase in intracranial pres- 
sure. Furthermore, narcotics produce adverse reactions which 


A 
( 


may obscure the clinical course of patients with head injuries 
Acute Abdominal Conditions: The administration of TYLOX 
Capsules or other narcotics may obscure the diagnosis or Clinica 
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course In patients with acute abdominal conditions 

Special Risk Patients: TYLOX capsules should be given with 
Caution to certain patients such as the elderly or debilitated, and 
those with severe impairment of hepatic or renal function 
hypothyroidism, Addison's disease, and prostatic hypertrophy or 
urethral stricture 

Information for Patients: Oxycodone may impair the menta 
and/or physical abilities required for the performance of potentially 
hazardous tasks such as driving a Car or operating machinery 
The patient using TYLOX capsules should be cautioned 
accordingly 

Drug Interactions: Patients receiving other narcotic analgesics 
antipsychotics, anti-anxiety agents, or other CNS depressants 
Including alcohol, concomitantly with TYLOX capsules, may 
exhibit additive CNS depression due to the oxycodone compo 
nent. When such combined therapy is contemplated, the dose of 
one or both agents should be reduced. The use of MAO inhibitors 
or tricyclic antidepressants with oxycodone preparations may 
increase the effect of either the antidepressant or oxycodone. The 
concurrent use of 
paralytic ileus 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Nc 
long-term studies in animals have been performed with oxycodon 
to determine carcinogenic and mutagenic potential, or effec 
fertility. Acetaminophen has been found to have no mutagenic 
potential using the Ames Salmonella-Microsoma! Activation test 


the Basc test on Drosophila germ cells. and the Micronucleus test 








anticholinergics with oxycodone may produce 





sor 





evaluated for carcinogenic potential or for effects on fertility 
Pregnancy Category C. Animal reproductive studies have not 





been conducted with TYLOX. It is also not known whether TYLOX 
can cause fetal harm when administered to a pregnant woman or 
can affect reproductive capacity. TYLOX should be given to a 
pregnant woman only if clearly needed 

Nursing Mothers: |t is not known whether the components of 
this drug are excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised when 
TYLOX is administered to a nursing woman 

Pediatric Use: TYLOX capsules should not be administered to 
children 
ADVERSE REACTIONS: The most frequently observed adverse 
reactions include lightheadedness, dizziness, sedation, nausea 
and vomiting. These effects seem to be more prominent in 
ambulatory patients than in nonambulatory patients, and some of 
these adverse reactions may be alleviated if the patient lies down 
Other adverse reactions include allergic reactions, euphoria 
dysphoria, constipation, skin rash, and pruritus At higher doses 
oxycodone has most of the disadvantages of morphine including 
respiratory depression 

Full directions for use should be read before administering or 
prescribing 

For information on symptoms and treatment of overdosage, see 
full prescribing information 1/16/86 
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NOLVADEX. . . gentle, first-line hormonal therapy 
in metastatic breast cancer in postmenopausal women 
with a side effects profile so mild, 


they may never be inconvenienced by therapy. 
That’s the real beauty of NOLVADEX. 


Nolvadex ©) 


TAMOXIFEN CITRATE/STUART 


Hormonal therapy they can live with. 


Please see next page for brief summary of prescribing information. 
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The antiemetic 
BRIEF SUMMARY = e 
NOLVADEX: (tamoxifen citrate) 10 mg tablets SICI a ns 
Indications and Usage: NOLVADEX is effective in the treatment of 


metastatic breast cancer in posirnenopausal women Availabe evi- 


ad 
dence indicates thal patents whose tumors are estrogen receptor rescri m * 
positive are more ikely to beneit from NOUADEX therapy 
NMOLVADEX in combination with cytotoxic Chemotherapy following 
COMPAZINE’* 


radical or modified radical mastectomy is effective in delaying recur 

rence of surgically curable Oreas! cancer in postmenopausal women oF 

wonen age 50 or cider with positive axiiary nodes in the Hubay ana 

NSABP 8-09 studies most of the beneti io date has beer in the sub- 

group with 4 or more positive axillary nodes The contribution of the brandol 
cytotoxic chemotherapy is uncertain The estrogen and progesterone Lae 
receptol values may heip to predict whether the adjuvant therapy 's hl i 

nitty 10 be benelicia! proc orperazi ne 
Contraindications: None known BeBe he a i 
Warnings: Ocular changes have been reporied in a few patients wra, See complete prescribing information in SK&F literature or PDR. The following is a 
as part of a clinical tral. were treated far periods greater than one year brief summary. 

with NOLVADEX at doses al least four times the mgnest racommended Indications: for central of severe nausea and vomiting 

davy dose of 40 mg The ocular changes consist of retinopathy and. Es MA oh ee eed a ct PERI REDE Oe Mere Tre 
some patients. there are aiso corneal changes and a decrease in vigual Contraindications: Comatose or greatly depressed states due to C NS depressants 
acuity = pegatne surgery usem chidren under 2 years of age or under 20 Ibs usen chnaren 


Emp prg pity" F; regga ty $ ota an ae ji 
ir addition, a few cases of ocular changes including visual distur iar CONG TIS sage has not been established 


pance, cornea! changes and/or retinopathy have been reported in Warnings: The extrapyramidal symptoms which can occur secondary to ‘Compazine 
pahents reated with NOLVADEX at recommended doses His uncer may be confused with the central nervous system signs of an undiagnosed primary 
rain d these effects are due to NOLVADEX disease responsible for the vomiting, e.g., Reye's syndrome or other encephalopathy. 
As with other additive hormonal therapy (estrogens and androgens} The use of ‘Compazine and other potential hepatotoxins should be avoided in children 
hypercalcemia has been reported im some breast cancer patients wih and adolescents whose signs and symptoms suggest Reye's syndrome. 
EA a A a ote na tedne Wre- May cause tardive dyskinesia in some patients on neuroleptic (antipsychotic) therapy. 
Deka sae 1i E orders UAE ae oe 4 ee onnea usuaily long-er T syng rome consIsIS oi potentially irreversible. involuntary dyskinanc 
should be taken and i! severe. NULVAUES Should De GISCONINGED movements The ms of tardive dyskinesia and likelihood of irreversibility are thought 
related to durator of treatment and total cumulative dose of neuroleptic drugs 
Lise in patients with bone marrow depression only when potential benefits outweigh 
i rsks. Patients who develop a nypersensitivity reaction {e g.. blood dyscrasias or jaundice} 
went decreases in platelet counts. usually to 40,000-100,000/cu mm. loa phenothiazine generally should not Be reexposed to any phenothiazine. Caution 
infrequently lower have been occasionally reparted in patients taking patients about act ities requiring alertness (6.9. operating vehicles of machinery: 
NOLJADEX for breast cancer No hemorrhagic tendency has been especially during ne frst few days therapy Prochiarperazine may intensify or proiong tne, 
recorded and the platelet counts returned to normal levels even though acton of other C N.S. depressants . 
treatment with NOLVADEX continued l use in pregnancy s nol recommended except in cases 80 30n0us and intractable that 
Laboratory Tests Penodic complete biood counts. including piateiel inthe physicians sidgment. drug imtervention is required and sotental benefits Guiweigh 
courts, may be appropriate nossibie hazards. There have been instances of prolonged jaundice. extrapyram:da! 
Carcinogenesis, Mutagenesis. Imparment of Ferklty While no con- signs, hyl xia or nyporefiexia m newborn infants whose mothers received 
ventional bioassay has been conducted, endocnne changes in ohana is, There is evidence that phenothiazines are excreted in the breast mik of 
immature and mature mice were investigated in a t3-month study Var: nursing moimners 
hus tumors were found in all veated groups Precautions: The anbemetic acto 
No mutagenicity or fertdity studies have been conducted overdosace of other are IGS or cd i 
Pregnancy Category C NOLVADEX has been shown to affect re- conditions such as wrestinal c at 
productive functions in rats when given af dose levels somewhat Warnings) Postope 
higher than the human dose in reproductive studies in rats, develop- : nen eee pny: 


L i i 7, f 
menta! changes of the nb were seen There are no adequate and weli- chemotherapeute drugs, may obscure yarniting as a sign of these agents toxicity Deep 
contratied studies in pregnant women NOLVADEX should be used y ft i ; i 


during pregnancy only if the potential benetit justifies the potential nsk sigep and coma have been reported with prochiorperazing, usually with Overdosage 

Wn Deg: iy OPUY Ue L Ba Dene ees SUES i oa ae HEAL TSK x p A 

to the fetus l ' Neurolepic drugs cause elevated prolactin levels that persist during chromic adranistration. 
Nursing Mothers thia not known whether this drug is excreted in Since approximately one-third of human breast cancers are prolactin-dependent iq viro 

human mik Because many drugs are excreted in humar milk and ius elevation 5 of potential IMPOnance feu rolephe drug adgministrahan iS contem pirate 3 

because af the potenhal for serous adverse reactons in urging infants ea pahent with a oreviously detected breast cancer Nether circai nor spidernnoiogic 
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rot Compazine may mask the signs and symptoms o! 
ay obscure the diagnosis and treatment of other 

nal obstruction, brain tumor and Reye's syndrorne {See 

yn of vormtus has occurred in a few surgical patents 

an anhemekc. When used concomitantly with cance 







from NOLVADEX. a decision should be made whether to discontinue studies to Gate, however, have shown an association between the chronic administration 
nursing or to discontinue the drug. taking into account the imporance OF NEUTOIBBIC drugs aha mammary WMONgenests 


of the drug to the mother Permanently stop Geurclepiic therapy d neuromuscular reachons Occur in pregnant 
Adverse Reactions: The most frequent adverse mactions to women oran children 
IMi JATE n mt Bboy oo a ath eo p times TH ; REWI Mer yy 
Bona pind heed es $ Se ann, Sista Pili’ oe a eee In children with acute ilinesses or dehydration, use only under close supervision. 
pao Oe IQUE O! PANETE yi aie Kay peel HORRID ae Avoid high doses and parenteral adeninistraton when cardiovascular system is impaired 
discontinuabon ol treatment . 7 EAEE ` grge hypotension Fas occurred Use cautousiyon pahents with glaucoma Use with Cau- 
Foti pA eae pee aman Tea ae vagia bieegng tonn persons who wi be axposed to extreme heal since phenothiazines may Merfere 
vaginal discharge, menstrual wraquiantes, and Shur rash Lisually ; aretha zines can dimunush the effect of oral ant. 


n haue noi sof Hert op by fry Per je p with thermoregulatory m 
these have not been of sufficient severity to require dosage reduction ‘ = ' 






















eoyarnilasic Phgrnntrazange pop orortiuice ak rig Thra: a ar otee 

ot discontinuation of trealment coaguants Phenothiaz nes can produce aip i de mazde diuretics 

“increased bone and tumor pain. and also local disease flare have may accentuate t atic hypotension that may occur with phenothiazines Anuhyper- 
MiCre ase: Pe Gd Clift! yn. and aiso ioga disease late Nave e a Thea rh eens KS) As Ba fae E AE E E pe uaephek pos Es eee ne oe eee enn f rie 
ie FAEERE ena AE Mai tensive effects of quaneitudine and r aji compounds may be counteracted when 


occurred. which are somebmes associated wih a good tumor te 
sponse Patents with increased bone pain May require acditional 
analgesics Patents with sott tissue disease may have sudden in- 
creases in the size of preexisting lesions, sameumes associated with of anficonvt 
marked erythema within ang surrounding the lesions, andor the de- positive pF ‘PKU test results. Patents should not receve Compazine 48 
veioorrent of new lesions When they occur the bone pair or Cisease hours h s alter myeioorant 
Hare are seen shortly after staring NOLVADEX and generally subside paced j A E EA E l 
randy l g Í i Adverse Reactions: Drowsiness, duzness amenorrhea, blurred visian, skin reactons 
Other adverse reactions which are seen infrequently are hyper Hypotension Gi ; leukopenia, agranulocytosis Fatly changes in the liver 
caineria, penpheral edema. distaste lor food. pruntas vulvae have been obs vs who died while recerving the drug (no Causal 
depression, dizziness. ight headedness. and headache There have r ahonship i acj Neuromuscular (extrapyramidal) reachons “notor 
been mmtrequent reports ot trromboembohc events occurring during reshessness. dy: yParkt SONST tardive dyskinesia. and avarani. tardive 
NOLVADEX therapy Since for cancer patents in general. an increased dystonia, Cantact fyi Compazine inecton fsolution) inadvertentiy 
incidence of thromboembolic everis is KNOWN tO oeur a Causal rela- gets on hands or clothing 
nonshig to NOLVADEX remains conjectural An increased incidence Other adverse reactions reported with ‘Compazine or other phenothiazines: Some 
has been reported when cytotoxms are combined with NOLVADEX adverse effects are more frequent or intense in specific disorders {e g.. severe hypaten- 
if adwerse reactions are Severe. its sometimes possible 10 contro! sion in mitral insufficiency or pheochromocyloma). Grand mal and petit mal convuisions. 
them by a simple reduction of dosage without toss of control of the altered cerehroscinal fluid proteins: cerebral edema, prolongation and intensification of 


yncomitant administration of ohanathiaznes 

a plasma levels of both drugs and may also precipitate 
pwer the convulsive threshold. dosage acyusnnents 

Prasance of ohenathiazines may produce faise 
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disease the action of CNS depressants. atropine, heat and organophosphorus insectic-des. 
Overdosage: Acute overdosage in humans has not been reported dryness of mouth. nasa: congestion, neadache. nausea, consipahon, obstipation. 
Signs observed at the nighest doses iollowing studies to determine adynamic Heus. ejaculatory disordersAmpotence, plamsem. atonic colon. urinary 


LOge in animals were respiralory difiicuihes and convulsions NG Spe- retenon, miosis and mydriasis: reactivanon of psychotic processes. catatonic-like states, 
cific treatment for overdosage 18 Known. treatment must De sypotension (sometimes tatali cardiac arrest: pancytopenia, thrombocytapenic purpura. 
SsyMMomatc eosingptiha, Hemolyhc anemia, < 


$ À 7 he anemia. Diary Sasis, hyperglycemia, hryoogty- 
Dosage and Administration: One or two 10 mg tablets twice a day gemia, glycosuria. lactation, galactormmea. gynecomastia, Menstrual irreg ularities, jaise 
imeormng and evening} posilive pregnancy tests. photosensitivity, tehna, erythema, urticaria, eczema up to 
How Supplied: Tablets containing tamoxiien as the citrate in an exfoliative dermanhs. asthma. laryngeal edema, angioneurotic edema, anaphyiactord 
amount equivalent to 10 mg of tamowien (round. biconvex uncoated. reactions, p arsed epnephrine effect. hyperpyrexia: mild fever after 
white tablet identiied with NOLVADEX 600 debossed on one side and iz ; : s7 


at ; - EA £ OF © i h, a increased weight, a systemic lupus erythematosus: 
a camet debossed on the other side) are supped in bottles of 60 ike syndrome, pt hy. neuroleptic malignant syndrome. which may De 
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tablets and 250 tablets Protect form heat and ight fatal with prolonged ademiunistralon ai doses skin piqmentation, enithehal 
fy Ane Eee n o wc fs ; i re Diy i ll ieee ped 
NDC 0038-0600 Rev F 42/85 keratopathy, and jenbcular and corneal deposits. 


me 


EKG changes have been reported Discontinue longterm, high-dose therapy gradually 
Note: Sudden cieath in patients taking phenothiazines (apparently due to Cardiac arrest o 









1O-MAG TABLETS asphyxia due to failure of cough reflex) has been reported. 
® Supplied: Tablets ~5, 10 and 25 mog., in bottles of 100; Spansule* capsules— 1 0,15 
and 30 mg., in bottles of 50: injection—5 mg./mi. in 2 mi. amputs, 10 ml. vials and 
2 mi. disposable syringes; Suppositories ~ 234, 5 and 25 mg.: Syrup--5 mg./5 ml; 


TA MOX | FE N € ITR AT F / STU ART evi sone ee oo (stoned for institutional use only)—5 and 10 mg. tablets 
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Ban the pan 





...IN severe post-op N&V 


Compazine’ 


Injection 5 mg./ml. 


prochiorperazine 
Available in 25 mg. suppositories, too. 


Do not use ‘Compazine’ in pediatric surgery. 


brand of 


©SmithKline Beckman Corporation 1985 see brief summary of prescribing information on adjacent page. 


Why risk significant 


Bacteroides fragilis 





Cefotan has gaps‘ in its coverage 
of these B. fragilis group** organisms. 


MEFOXIN does not. 

























j 
Clinical indications for intraabdominal infectionst 
Cefotan" Mefoxin 
eroxin 
[cefotetan disodium) (Cefoxitin Sodium| MSD) 
Bacteroides species 
including B. fragilis* 


B. thetaiotaomicron 






B. vulgatus* 






*MEFOXIN is indicated for the treatment of intraabdominal **These organisms, formerly considered subspecies of 
infections, including peritonitis and intraabdominal B. fragilis, have been given species status; however. 
abscess, caused by Escherichia coli, Klebsiella species, because of similarities in their clinical significance and 
Bacteroides species including the Bacteroides fragilis laboratory characteristics, they are often considered A 
group (B. fragilis, B. distasonis, B. ovatus, together as the “B. fragilis group.” 
B. thetaiotaomicron, B. vulgatus), and Clostridium species. +The prescribing information for Cefotan lists no specific 
TT Cefotan is a registered trademark of ICI Americas Inc. indication for infections caused by this organism. ' 
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gaps'in 


coverage? 





* All five of these Bacteroides 
are proven pathogens. 


The evidence is conclusive. 


fact: B. fragilis and B. thetaiotaomicron are 
the species of greatest clinical significance 
and are present in most intraabdominal infections. 


fact: The prescribing information for Cefotan 
specifically states that most strains of B. distasonis, 
B. ovatus, and B. thetaiotaomicron are resistant.’ 


fact: The absence of susceptibility of these 
Bacteroides fragilis species to Cefotan clearly shows 
that Cefotan does not have the same anaerobic 
spectrum as MEFOXIN. 


Conclusion: Cefotan is not Cefoxitin Sodium | MSD 


equal to MEFOXIN in activity** 
against the B. fragilis group. 





MEFOXIN is contraindicated in patients who have shown 
hypersensitivity to cefoxitin and the cephalosporin group of 
antibiotics. Before therapy with MEFOXIN is instituted, 
careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to 
cefoxitin, cephalosporins, penicillins, or other drugs. 


Pseudomembranous colitis, from mild to life-threatening 

in severity, has been reported with virtually all antibiotics 
(including cephalosporins); therefore, it is important to 
consider its diagnosis when diarrhea develops in association 
with antibiotic use. 


&  ‘*i.e., B. distasonis, B. ovatus, and B. thetaiotaomicron M S D 


tł /n vitro activity does not necessarily imply in vivo effectiveness. MERCK _ ForaBrief Summary of 
BHARA Prescribing Information, 


OHME please see following page. 





1. Prescribing information for Cefotan (Stuart), March 1986. 





Mefoxin žm (Cefoxitin Sodium | MSD} 


Indications and Usage: lreaiment-—-Setious infections caused by susceptible strains of the 
designated microorganisms in the following diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, caused by 
Streptococcus pneumoniae (formerly Diplococcus pneumoniae), other streptococci (excluding 
enterococci, e.g. Strep. faecalis), staphylococcus aureus (penicillinase and non-penicillinase 
ee ). Escherichia coli. Klebsielfy Species, Hemophiius influenzae, and Bacteroides 
species, 


GENITOURINARY INFECTIONS. Urinary tract infections caused by E. coii, Klebsiella species, 
Proteus mirabilis, indole-positive Proteus (e. P morgani, P retigen!, and P vuigaris), and 
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Early Gastric Cancer 


21-Year Experience 








WALTER L. BRINGAGZE III, M.D. 


CHARLES W. CHAPPUIS, M.D. 


PELAYO CORREA, M.D. 


From 1963 through 1983, 327 patients underwent resection for 
gastric adenocarcinoma at Charity Hospital in New Orleans. 
Fifteen lesions (4.6%) were early gastric carcinoma (limited to 
the mucosa or submucosa regardless of nodal metastases). These 
lesions were in eight men and seven women (14 blacks and 1 
white), with a mean age of 65.3 years (range: 52-80 years). Upper 


' gastrointestinal series were obtained in 13 (6 suspicious, 2 in- 


de. 


conclusive, and 5 normal). By comparison, endoscopy on 11 pa- 
tients provided a tissue diagnosis in ten patients (90.9%). Surgical 


‘procedures ranged from total gastrectomy to a local excision, 


and every specimen was free of lymph node metastases. Mac- 
roscopically, there were six Type I, four Type IIb, one Type IIc, 
three Type III, and one with two separate lesions (IIa and IIb); 
microscopically, ten were intramucosal and five had submucosal 
invasion. Five-year survival calculated by the actuarial method 
was 64.2% (observed) and 100% (adjusted). This compares with 
18.8% (observed) for all 327 patients. Six of the patients with 
early gastric cancer are alive (range: 16-219 months). The nine 
patients who died had no evidence of recurrent disease at the 
time of death. Surgical resection of early gastric carcinoma in 
the United States offers an excellent prognosis similar to the 
Japanese experience. Increased detection of gastric carcinoma 
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in its curable stages may be achieved through early endoscopic 
investigation of symptomatic patients. 


Endoscopy defined early gastric cancer as a lesion 

confined to the mucosa or submucosa with or with- 
out nodal metastasis.! Numerous reports from Japan fol- 
lowed, claiming excellent response to operation for pa- 
tients with early gastric cancer.?~* Although reports orig- 
inating in North America and Europe have been fewer, 
survival statistics are encouraging.” ” The question re- 
mains whether early gastric cancer as defined by the Jap- 
anese 1s a different entity altogether or just an earlier stage 
of the same disease. If the latter were true, improved sur- 
vival for patients with this frequently fatal cancer might 
be achieved through early detection and surgical inter- 
vention. This retrospective study is a review of a large 
institution’s experience with early gastric cancer. Special 
emphasis has been placed on presenting symptoms, di- 
agnostic modalities, histology, and long-term follow-up. 


T 1962 THE JAPAN SOCIETY for Gastroenterological 


Methods’ 


The tumor registry at Charity Hospital recorded 327 
resections for gastric adenocarcinoma from 1963 through 
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TABLE |. Frequency of Early Gastric Cancer between 1963 and 1983 
a NE LIT 





Number of Resections Curative Resections 
Early Gastric Ce en Ee ep ae 
Period Cancers Number Per Cent Number Per Cent 
1963-1973 7 228 3.1 108 6.5 
1974-1983 8 99 8.1 45 17.8 


1983. Hospital records were available in 95% of the cases 
and were reviewed by one of the authors (W.B.) with re- 
gard to type and duration of symptoms, preoperative 
evaluation, and operative findings. In the remaining cases, 
data were obtained from the tumor registry abstracts. 
Histology reports were reviewed, and the slides of all pa- 
tients suspected of having early gastric cancer were ex- 
amined by one of the authors (P.C.). Fifteen cases were 
identified and further classified into Type I, Type Ila, Type 
Hb, Type Ic, Type III (Japanese Endoscopic Society clas- 
sification), with the aid of both endoscopic and gross 
pathologic reports. Data from these 15 cases were com- 
pared with those of the whole group of 327 resections. 
Five-year survival rates were calculated by the actuarial 
life table method. 


Results 


Fifteen cases of early gastric cancer were identified from 
327 resections (4.6%) with a greater percentage found from 
1974 through 1983 (Table 1). When only the 153 curative 
resections were considered, the overall incidence increased 
to 9.8%. The 15 patients (8 men, 7 women; 14 black, 1 
white) had a mean age of 65.3 years (range: 52-80 years), 
compared with 63.5 years (range: 27-99) for all 327 pa- 
tients (198 men, 129 women; 280 black, 45 white, 2 Ori- 
ental). 


TABLE 2. Preoperative Evaluation 





Upper GI Series Endoscopy 
Year of 

Patient Diagnosis Lesion Results Lesion Results 

l 1963 Ulcer Suspicious — = 

2 1966 Ulcer Inconclusive m = 

3 1966 Ulcer Inconclusive — oe 

4 1967 Polyp Suspicious = oe 

5 1967 Polyp Suspicious Polyp None 
6 1971 Missed WNL* Ulcer Positive 
J 1972 Missed WNL Polyp Positive 
8 1974 Polyp Suspicious Polyps Positive 
9 1974 Diffuse Suspicious Diffuse Positive 
10 1975 — vo Polyps Positive 
il 1976 Polyp Suspicious Polyp Positive 
12 1980 Missed WNL Polyp Positive 
13 1981 Missed WNL Polyp Positive 
14 1983 ~— m Ulcer Positive 
15 1983 Missed WNL Diffuse Positive 





* Within normal limits. 
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Symptoms reported in the 15 patients included he- 
matemesis or melena in six patients, nausea or emesis in 
five, abdominal pain in four, weight loss in four, weakness 
in two, and anorexia in one. The mean duration of symp- 
toms was 5.5 months, compared with 8.6 months for all 
resections. One patient with early gastric cancer had a 20- 
year history of peptic ulcer disease for which he had pre- 
viously undergone a partial gastrectomy. The 327 patients 
complained most frequently of pain and weight loss, fol- 
lowed by nausea or emesis, hematemesis or melena, and 
weakness, in decreasing order. 

Upper gastrointestinal series were done in 281 (85.9%) 
of the patients who underwent resection, including 13 
patients with early gastric cancer. In those 13 patients the 
radiologist described four polyps, three ulcers, and one 
diffuse involvement, while five lesions were missed alto- 
gether (Table 2). Only six of the remaining 268 patients 
without early gastric cancer had radiologic examinations 
that were interpreted as being within normal limits. 
Therefore, the patients with early gastric cancer had five 
of the 11 lesions (45.5%) not visualized by conventional 
radiographic methods, while comprising only 4.6% of the 
group as a whole (13 of 281 patients). 

Esophagogastroscopy was done in 11 of 15 (73.5%) of 
the early gastric cancer patients. The endoscopist described 
seven polyps, two diffuse lesions, and two ulcers. Ten of 
the |1 patients (90.9%) underwent biopsy, and carcinoma 
was identifed in all ten cases. Included in this group are 
the five patients with lesions missed by upper gastroin- 
testinal series. 

Laparotomy in the patients with early gastric cancer 
showed lesions in the antrum in nine, the body in four, 
the fundus in two, and none in the cardia (Fig. 1). These 
were located on the lesser curve in ten, the greater curve 
in three, and the posterior wall in two. The operative pro- 
cedures included subtotal gastrectomy (6 cases), radical 


9 (60%) 


Fic. 1. Location of 15 early gastric carcinomas. 
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subtotal gastrectomy (6 casés), local excision (2 cases), 
and total gastrectomy (1 case). All lesions were noted by 
the surgeons to be confined to the stomach without any 
evidence of metastatic disease. Operative assessment of 


- the 327 patients, on the other hand, indicated involvement 
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of regional nodes (24.8%), contiguous structures (31.2%), 
and distant organs (18.9%), with 153 of 327 (46.8%) con- 
sidered resection for cure (all gross tumor removed at op- 
eration). 

Pathologic examination revealed ten early gastric can- 
cers limited to the mucosa and five to the submucosa 
(Table 3). The lesion most frequently seen other than the 
carcinoma was chronic atrophic gastritis with intestinal 
metaplasia (9 cases). Some degree of dysplasia was ob- 
served in eight cases, six of the adenomatous type and 
two of the hyperplastic type. In two patients, the carci- 
noma was at the edge of a peptic ulcer that penetrated all 
the layers of the original stomach but was separated from 
the peritoneal surface by preformed fibrous tissue. Six 
carcinomas were in polyps: one in an adenomatous polyp, 
one in a hyperplastic polyp, two in sessile polyps char- 
acterized by elongation of the pits and excessive mucous 
secretion resembling Menetrier disease, one polyp with a 
background of branching smooth muscle bundles covered 
by mucous secreting glands reminiscent of Peutz—Jaeger 
polyps, and one polypoid structure at the edge of an old 
gastroenteroanastomosis. This patient also showed gas- 
tritis cystica profunda with dysplastic changes. All 15 
specimens were free of nodal metastasis compared with 


TABLE 3. Pathology 


Japanese Depth of Microscopic 
Patient Classification Invasion Findings* 
l Il Mucosa Perforated ulcer and 
AD 
2 I Submucosa Perforated ulcer, 
CAG-IM, and HD 
3 UI Mucosa CAG-IM and HD 
4 I Mucosa Hyperplastic gastritis 
: (Menetrier type) 
5 I Mucosa Hyperplastic polyp 
6 Ila and Ob Submucosa CAG-IM and AD 
7 Ub Mucosa CAG-—IM and AD 
8 I Mucosa Polyp in anastomosis 
site 
9 IIb Submucosa CAG-IM 
10 I Mucosa Hyperplastic gastritis 
(Menetrier type) 
lI I Mucosa Adenomatous polyp 
12 I Submucosa CAG-IM and AD 
13 IIc Submucosa CAG-IM and 
hamartomatous 
polyp 
(Peutz—Jaeger type) 
14 IIb Mucosa CAG~IM and AD 
15 Hb Mucosa CAG-IM and AD . 


* Abbreviations: AD = adenomatous dysplasia; CAG-IM = chronic 


io atrophic gastritis and intestinal metaplasia; HD = hyperplastic dysplasia. 
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TABLE 4. Follow-up 


Race and Survival Current 


Patient Age Sex in Months Status Cause of Death 
I 72 BF 15 Dead Cerebrovascular 
accident 
2 65 BM 219 Alive — 
3 52 BF 74 Dead Cerebrovascular 
accident 
4 64 BM 60 Dead Diabetes mellitus 
5 70 BM 200 Alive — 
6 59 BM 86 Dead Atherosclerotic heart 
disease 
7 78 BM 9 Dead Atherosclerotic heart 
disease 
8 80 WM 96 Dead Atherosclerotic heart 
disease 
9 60 BM 8 Dead Metastatic bladder 
carcinoma 
10 71 BF 121 Alive — 
11 53 BF 38 Dead Metastatic breast 
carcinoma 
12 62 BF 50 Alive — 
13 60 BF 19 Dead Chronic renal failure 
14 59 BM 16 Alive — 
I5 74 BF 16 Alive — 


186 of 327 (56.9%) of the group as a whole found to have 
histologically positive nodes. 

The average duration of follow-up (Table 4) for the 
early gastric cancer patients was 68.5 months (range: 16- 
219 months). Six of the 15 patients were alive and free of 
disease as of June 30, 1985. Nine died without any evi- 
dence of recurrence. The 5-year survival rates in the early 
gastric cancer patients were 64.2% (observed) and 100% 
(adjusted). By comparison, the 327 patients had an average 
follow-up of 27.4 months (range: 1-233) with an 18.8% 
(observed) 5-year survival rate (Fig. 2). 


Discussion 


The frequency of early gastric cancer in Japan, which 
may exceed 40% by mass survey,’ has yet to be reproduced 





= 100% oe eh —@ 100.0% 
> ADJUSTED SURVIVAL 
> 80% 
w, 
2 60% 64.2% 
a OBSERVED SURVIVAL 
= 40% 
© 
tT 20% 18.8% 
+ ALL RESECTIONS 
1 2 3 4 5 
TIME IN YEARS 


Fic. 2. Actuarial survival curves for all resections and early gastric cancer 
patients. 
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in the United States. The incidence of 4.6% in this series 
of 15 patients is lower than in the Japanese reports, but, 
when only curative resections in the most recent 10 years 
are considered, this incidence increases to 17.8%, which 
compares favorably with reports from outside Japan?! 
A mean age of 65.3 years is similar to the findings of 
Green.'* Others have observed a higher percentage of men 
in the early gastric cancer population.!*! >!" The large 
number of black patients in our group is a reflection of 
the black-to-white admission ratio at Charity Hospital.'° 

We cannot explain why our mean duration of symp- 
toms was shorter than that reported by Carter et al. The 
327 patients, as a group, complained more frequently of 
pain and weight loss than did those with early gastric can- 
cer. This finding suggests a more advanced stage of the 
disease, which carries with it a less favorable prognosis. 

The inability of an upper gastrointestinal series to detect 
early gastric cancer has been reported elsewhere.°!*!” 
Maruyama’? described radiologic evaluation of the stom- 
ach as “clearly fallable” for lesions less than | cm, re- 
gardless of type. He concluded that polypoid or depressed 
cancers could be easily diagnosed only if “the maximal 
diameter is 30 mm or more.” A series from Italy of over 
4500 double-contrast studies cited 33% false-negatives in 
patients with early gastric cancer.'? Even when the ra- 
diologist identifies an abnormality, it may be mistaken as 
benign 30-50% of the time.®'? It should be noted that gas 
insufflation of the stomach during roentgenography is not 
routine at Charity Hospital, and its use might aid in de- 
tection of these minute cancers. 

Use of esophagogastroscopy in our series resulted in a 
positive tissue diagnosis in 90.9%, which is comparable 
to the data of Goldstein et al.,'° Guangbi et al.,'4 and 
Kobayashi et al.” Green and associates’? clearly showed 
that six to eight biopsies are required if the endoscopic 
diagnosis of carcinoma is to be made. We concur with 
the need for multiple biopsies of any gastric lesion because 
even an experienced endoscopist may incorrectly identify 
malignancy based on visualization alone.''!’ Gastric cy- 
tologic examination is not commonplace at our institution 
although excellent results with both brushings and wash- 
ings have been reported.*°?! Despite its apparent success 
in Japan,* we do not advocate a mass screening program 
because of the declining frequency of gastric carcinoma 
in this country.” Many authors attribute the increasing 
incidence of early gastric cancer to detection as a conse- 
quence of recent advances in endoscopy.'®!?*3 We 
strongly recommend endoscopy in the evaluation of 
symptomatic patients. 

Early gastric cancer occurs most commonly in the an- 
trum along the lesser curvature.” Contrary to our findings, 
other investigators report involvement of resected lymph 
nodes with metastatic disease in some patients." The 
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lack of nodal metastasis in our early gastric cancer patients 
reflects the 2 to 1 ratio of intramucosal to submucosal 
lesions in this series. Other authors observed their inci- 
dence of intramucosal cancers to be 50% or less.*!? Leh- 
nert et al. recently studied gastric mucosa and submucosa 
by transmission electron microscopy. Although the entire 
mucosa had a supply of blood capillaries, they found 
lymph capillaries only in the deep lamina propria adjacent 
to and within the muscularis mucosae. These morphologic 
findings may explain (1) the low incidence of lymph node 
metastases in early gastric cancer confined to the mucosa 
and (2) the greater likelihood of blood-borne metastases 
in early gastric cancer.” 

Surgery for patients with early gastric cancer has had 
excellent results. Most Japanese investigators report 5- 
year survival in the range of 90%*~* whereas survival in 
Western countries has been 60-100%.67 We are en- 
couraged by our 64.2% (observed) and 100% (adjusted) 
5-year survival and the fact that the patients who died did 
not die of gastric cancer. The excellent response to surgical 
removal reported by the Japanese appears to be repro- 
ducible in the United States for early gastric cancer. 

Fifteen cases of early gastric cancer are reported. Pre- 
senting symptoms were vague and no difference between 
the early and advanced groups was appreciated. Evalua- 
tion by endoscopy with multiple biopsies was often di- 
agnostic in these patients and its use is highly recom- 
mended. We find no difference in the response to surgery 
of early gastric carcinoma in the United States as com- 
pared to Japan. The challenge today lies not in equating 
our results with that of the Japanese but rather in culti- 
vation of the belief that early gastric cancer is a curable 
disease. Only through a greater awareness on the part of 
physicians will more symptomatic patients be diagnosed 
and treated early when long-term survival is a realistic 
expectation, 
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From January 1973 through December 1979, 131 patients un- 
derwent proximal gastric vagotomy (PGV) for duodenal ulcer. 
There were 78 men and 53 women, whose age ranged from 19 
to 73 years, with a mean age of 45 years. One hospital death 
occurred as a result of pulmonary embolism (0.7% mortality). 
There were 12 late deaths unrelated to ulcer disease, and each 
of the 12 patients was graded Visick I or H prior to death. Nine 
patients were lost to follow-up. This report is an analysis of the 
remaining 109 patients followed from 6 to 13 years. One hundred 
two patients (93.5%) underwent PGV for intractability. Seven 
patients (6.5%) who underwent PGV in selective circumstances 
for either acute perforation (3 patients), bleeding (1 patient), and 
moderate outlet obstruction (3 patients) are included. Follow-up 
results reveal that 52 patients (47%) are graded Visick I, 40 
patients (36%) Visick H, five patients (5%) Visick TH, and 12 
patients (12%) Visick IV. Mild diarrhea occurred in 2.8% and 
mild dumping in 1.9%, and no reflux gastritis or esophagitis was 
noted. Recurrent ulceration took place in 10 patients, and seven 
subsequently required reoperation. Two additional patients had 
the antral pump mechanism denervated and later required an- 
trectomy. PGV has yielded satisfactory results over a 6-13 year 
follow-up when operation was done for intractability. The low 
incidence of unpleasant long-term side effects is an appealing 
feature of the operation. A recurrent ulcer rate of 9.2% (10 pa- 
tients) has, however, been of major concern. Those with a prime 
interest in gastric surgery are urged to continue the use of PGV 
in cases of intractability. Another 10 years of clinical investigative 
work will no doubt be necessary to determine the ultimate rate 
of recurrent ulceration. 


HE MODERN CONCEPT of denervating the parietal 
cell area of the stomach for treatment of duodenal 
ulcer (DU) began with the experimental work of 
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Griffith and Harkins in the 1950s.' These investigators 
performed a parietal cell denervation on ten animals. They 
found that the procedure effectively eliminated the ce- 
phalic phase of gastric secretion, and gastric evacuation 
was relatively unchanged as the animals’ stomachs emp- 
tied very much like the normal controls. They termed the 
operation parictal gastric vagotomy. 

In 1957 Griffith applied the operation to three patients 
with DU but subsequently abandoned the procedure clin- 
ically since he and Harkins felt that more experimental 
studies and laboratory data were in order. A disturbing 
feature was that when the operation was done experi- 
mentally in accompaniment with a Heidenhain pouch, 
subsequent challenge with a protein meal resulted in an 
increase in both acid and volume from the isolated pouch. 
Such findings did not occur after experimental selective 
gastric vagotomy and pyloroplasty.*~” 

In 1967 Holle® and Hart of Munich applied parietal 
cell denervation on a clinical basis but always added py- 
loroplasty since serum gastrin levels were observed to rise 
appreciably after the vagal denervation. Without pylo- 
roplasty, they feared that the rate of recurrent ulceration 
might be high. Holle’ has subsequently had an extensive 
experience with the operation and continues to report 
highly satisfactory results. He terms the procedure selective 
proximal vagotomy (SPV). 

In the late 1960s Johnston and Wilkinson® reported 
their early clinical results and named the operation highly 
selective vagotomy (HSV). At about the same time the 
group in Copenhagen headed by Amdrup and Jensen’ 
began their experimental and clinical studies and used the 
term parietal cell vagotomy (PCV). The latter two groups 
have reported an extensive clinical experience and con- 
tinue almost yearly to record their long-term results. 
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It is of interest that, according to the late Owen Wan- 
gensteen,'° Eugen Bircher'' of Aarhu, Switzerland, in 1920 
reported denervating the lesser curvature of the stomach 
for ulcer disease, tabes dorsalis, and also for various func- 
tional gastrointestinal disturbances. When one studies 
Bircher’s article carefully he was probably performing total 
gastric vagotomy (selective gastric vagotomy), as described 
by Latarjet!? in the early 1900s and not a denervation of 
the parietal cell mass alone. 

Hedenstedt!* of Stockholm is given credit for empha- 
sizing the importance of also denervating the distal 5-7 
cm of the abdominal esophagus when performing PCV. 

Denervation of the parietal cell mass is currently widely 
used to treat the complications of DU throughout both 
Great Britain and Europe. It has been employed less ex- 
tensively in America, where it is generally referred to as 
proximal gastric vagotomy (PGV). 


Clinical Study 


During a 6-year period from January 1973 through 
December 1979, 131 private patients with complications 
of DU underwent PGV by the senior author (J.L.H., Jr.) 
or else by members of the senior housestaff under his 
operative supervision. Among the patients, there were 78 
men and 53 women whose ages ranged from 19 to 73 
years (mean age: 45 years). One hospital death took place 
as a result of a massive pulmonary embolism occurring 
on the fifth postoperative day (mortality 0.7%). During 
the long-range follow-up, 12 additional deaths have oc- 
curred (9%). All deaths were unrelated to ulcer disease, 
and each of the 12 patients prior to death obtained either 
an excellent or good result. Nine patients (7%) have been 
lost to follow-up. This report is an analysis of the re- 
maining 109 patients (84%) followed from 6 to 13 years 
(1973 through 1985). 


Indications 


One hundred two patients (93.5%) underwent PGV for 
intractable pain. A conservative course of therapy had 
been used for each patient, ranging from 6 months to 
several years before operation was recommended. Three 
patients (2.7%) had an acute ulcer perforation. Each posed 
minimal risk factors and, in addition to patch closure, 
underwent PGV. Three patients (2.7%) had moderate 
gastric outlet obstruction and were treated by intraoper- 
ative dilatation of the gastroduodenal outflow tract fol- 
lowed by PGV. One patient (1%) with a massively bleeding 
DU underwent duodenotomy with undersewing of the 
bleeding vessel, followed by PGV. 


Operative Technique 


The technical aspects of PGV have been thoroughly 
described elsewhere. '*!> We do not attempt to isolate and 
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tape with a vessel loop the main right and left vagal nerve 
trunks at the esophageal hiatus. The initial dissection 1s 
begun at the “Crow’s foot” and usually the most proximal 
branch of the Crow’s foot is incorporated in the dissection, 
leaving the distal two branches intact to the distal antrum. 
The neurovascular bundles to the lesser gasjric curvature 
are divided and tied with fine silk, care being taken to 
avoid injury to the anterior and posterior nerves of La- 
tarjet. The dissection bares the lesser gastric curvature 
from the Crow’s foot to the esophagogastric junction. We 
then proceed to skeletonize the entire abdominal esoph- 
agus (5-7 cm) of all neurovascular structures. Circum- 
scription of the longitudinal musculature of the esophageal 
wall is no longer routinely done; division of the right gas- 
troepiploic nerve along the greater gastric curvature also 
perhaps does not add to the procedure.'® The lesser gastric 
curvature is reperitonized with fine silk sutures. On com- 
pletion of the procedure, the hepatic plexus of nerves, the 
main right vagal trunk, which enters the celiac ganglion, 
and the anterior and posterior nerves of Latarjet inner- 
vating the distal antrum are intact. 


Associated Operations 


Twenty-seven patients (25%) underwent associated op- 
erations at the time of PGV. Eleven patients had chole- 
cystectomy for biliary calculi, and 11 patients underwent 
a Nissen fundoplication for documented symptomatic re- 
flux esophagitis. Splenectomy proved necessary in two 
patients with severe iatrogenic injuries. One patient un- 
derwent bilateral inguinal hernia repairs, one had a sig- 
moid polypectomy, and one was subjected to choledo- 
cholithotomy. 


Postoperative Complications 


Four patients (3.7%) developed postoperative wound 
infections, and in two the infections were significant, re- 
quiring incision and drainage. In both cases, hospitaliza- 
tion was prolonged to 14 and 16 days, respectively. 
No significant intra-abdominal complications occurred 
among the 109 patients. Postoperative dysphagia was not 
encountered, and no patient developed symptoms of gas- 
troesophageal reflux. Complaints of epigastric fullness and 
early satiety, however, were encountered frequently, since 
this is a common occurrence following PGV. After 2-3 
weeks, symptoms almost always disappear completely. 
The postoperative hospital stay among the entire group 
averaged 8 days. 


Follow-up Results 


Each patient has been carefully evaluated at frequent 
office visits, and endoscopy studies have been carried out 
only in symptomatic patients. Weight loss, anemia and 
nutritional disorders have not posed a problem among 
the group. 
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FIG. 1. Depicts the Visick grading results among the 109 patients. Follow- 
up: 6-13 years. 


Strict criteria have been adhered to in evaluating the 
long-term results. Patients have béen graded according to 
the method introduced by Visick.'’ An excellent result 
(Visick I) is recorded for patients who have no symptoms 
whatsoever referrable to the gastrointestinal tract. A Visick 
II grade, or good result, is rendered those who experience 
mild and infrequent epigastric fullness but are otherwise 
free of gastrointestinal symptoms. A Visick HI grade, or 
a fair result, is given those patients who experience either 
abdominal fullness, flatulence, or mild intermittent diar- 
rhea or dumping symptoms. These patients are generally 
improved, however, as compared to their preoperative 
status. They nevertheless experience significant long-term 


ill effects. A Visick IV grading, or poor result, consists of 


those who develop a recurrent ulcer and those who receive 
no benefit or else are made worse by the operation. 
Using these criteria, 52 patients (47%) are listed Visick 
I and 40 patients (36%) Visick II. Thus, highly satisfactory 
results have been obtained in 83% of patients. Five patients 
(5%) are Visick HI, and 12 patients (12%) are graded Visick 
IV (Fig. 1). In the latter group, ten of the 12 developed 
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a recurrent ulcer during follow-up (9.2% incidence of re- 
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Fic. 2. Overall results (PGV-Visick grading) were essentially the same 
comparing male and female patients. (Results in per cent.) 
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currence). Two patients graded Visick IV had persistent 
gastric emptying problems, probably resulting from ex- 
cessive denervation of the antrum pump mechanism. Mild 
intermittent diarrhea has been experienced by three pa- 
tients (2.8%), and mild dumping has occurred in two pa- 
tients (1.9%). No subjective symptoms of reflux gastritis 
or esophagitis were noted among the group. 

In comparing the overall clinical results between the 
63 men and 46 women comprising the group of 109 pa- 
tients, there appeared to be no significant difference 
(Fig, 2). 


Analysis of Failures 


Among the ten patients (9.2% of the group) who de- 
veloped a recurrent ulcer, there were five men and five 
women. The time interval between the original PGV and 
the development of recurrent ulcer symptoms varied from 
| to 8 years, for an average of 2.9 years. Recurrent ulcer- 
ation appeared in the duodenal bulb in seven instances 
and midway along the lesser gastric curvature in one pa- 
tient, and in two patients the recurrence was both duo- 
denal and gastric. It is of interest that in all cases the 
recurrent ulcers were small and shallow and were diag- 
nosed by endoscopic examination. Barium with air con- 
trast studies was of little value in providing a diagnosis. 
Among the three patients who originally presented with 
DU and gastric outlet obstruction, two developed a re- 
current ulcer within 12 months following PGV and in- 
traoperative pyloroduodenal channel dilatation. The third 
patient who presented with gastric outlet obstruction con- 
tinues to do well. Three recurrent ulcers became manifest 
during the first 3 years of the study (1973-1975). Seven 
recurrent ulcers took place among patients operated on 
during the latter 3 years of the study (1977-1979) 
(Fig. 3). 

Treatment of seven of the ten recurrences with medical 
therapy proved unsuccessful, and each patient subse- 
quently underwent either antrectomy alone (4 patients) 
or antrectomy with truncal vagotomy (3 patients). The 
remaining three patients have done well on intermittent 
treatment with H, receptor blockers. 

In regard to the two patients who developed persistent 
delayed gastric emptying, symptoms of epigastric fullness 
increased in severity during follow-up, and both barium 
food meal studies and nuclide labeling demonstrated sig- 
nificant gastric retention. Endoscopy showed healing of 
the ulcer in both patients with no evidence of pylorodu- 
odenal narrowing, but diffuse superficial antral gastritis 
was present in both patients. Treatment with smooth 
muscle stimulants was unsuccessful, and later antral re- 
section with a Billroth I reconstruction was carried out. 
Both patients now experience an excellent result. In those 
cases it is reasonable to assume that the lesser curvature 
denervation was carried too far distally on the antral 
Crow’s foot. 
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Discussion 


During the past 15 years PGV has enjoyed increasing 
popularity throughout Europe and Great Britain, but it 
` has been used to a lesser extent in America. Its primary 
indication has been to treat patients with ulcer intracta- 
bility. The Operation has also been employed in selected 
cases for good risk patients with an acute ulcer perfora- 
tion.!®!? Few reports cite its use in management of the 
patient with hemorrhage,” and enthusiasm for PGV plus 
intraoperative pyloric dilatation in cases of gastric outlet 
obstruction has waned considerably.'®?'*? Recently, 
however, Hooks** and Bowden reported good results in 
18 of 20 cases. 

Proximal gastric vagotomy has also been used by some 
groups to treat a benign gastric ulcer. Gastric ulcers have 
been classified into three types by H. Daintree Johnson.” 
For benign ulcers located along the lesser gastric curvature 
near the incisura angularis (type I ulcer), satisfactory re- 
sults have been recorded.”© For the type I ulceration, 
which consists of both a duodenal ulcer and a benign 
gastric ulcer located at the antral corpal border, proximal 
gastric vagotomy has given unsatisfactory results. For the 
type II Johnson ulcer, a prepyloric ulcer that may extend 
into the duodenum, PGV has likewise given poor results 
with an astounding high rate of recurrent ulceration.” > 

The attractive features of PGV have been the negligible 
mortality and diminished intraoperative and early post- 
operative complications. Also, long-term side effects, such 
as diarrhea, dumping, reflux, and nutritional problems, 
have been practically nonexistent. Early reports suggested 
a low recurrent ulcer rate, but with longer follow-up stud- 
ies the recurrent ulcer rate has risen appreciably. Nev- 
ertheless, many observers feel that the advantages gained 
by the procedure more than offset the high recurrent ulcer 
rate. Also, some of the recurrences may be managed quite 
satisfactorily utilizing medical treatment. Should opera- 
tion for recurrence become necessary, the morbidity and 
mortality rates are considerably lower than those following 
reoperation for recurrences that occur after other standard 
operations for ulcer disease. 

In a prospective randomized study, Stoddard and Du- 
thie?! noted an 8.8% recurrent ulcer rate in patients fol- 
lowed up to 8 years, but overall results were superior to 
those after vagotomy and drainage, and the recurrent ulcer 
rate in this latter group was 9.4%. Hoffman,” in a con- 
trolled study comparing TV-D, SGV-D, and PGV, found 
a higher incidence of recurrent ulcers in the latter group, 
but after treatment for recurrence the PGV patients 
achieved a more gratifying result than did the other two 
groups. The one factor contributing to the higher recur- 
rence rate after PGV in their study was the large number 
of surgical trainees operating in the trials. This latter ob- 
servation is in accord with that of Johnston,?* who feels 
that in his hands PGV is associated with a low recurrent 
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Fic. 3. PGV—recurrences (109 patients). Three recurrent ulcers occurred 
in patients operated on during the early part of the clinical study. Seven 
recurrent ulcers took place in those operated on during the latter years 
of the study. 
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ulcer rate of 3%, but when done by surgeons in his de- 
partment with less experience it is much higher. Eric Am- 
drup™ is of the same opinion. 

Gleysteen* prefers PGV, when correctly performed, to 
vagotomy/antrectomy for the elective treatment of DU. 
Jensen* noted in a large group of 333 patients followed 
2-12 years an ulcer recurrence rate of 13%. Gorey” re- 
ported a recurrent ulcer rate of 7% among 509 patients 
followed 1-2 years. In the first 4 years of the study, the 
recurrence rate was 10% but fell to 4% during the latter 
years. Donahue?” observed a decline in recurrence to 12% 
when he included an extensive periesophageal denerva- 
tion, whereas a 33% recurrence took place when he ter- 
minated the dissection at the gastroesophageal junction. 
Lunde”? had an 11.4% incidence of recurrence among 
420 patients followed in excess of 5 years. Saik and Pes- 
kin?’ recorded a 10% recurrence rate, but greater satis- 
faction was obtained by these patients when compared to 
those who had undergone TV-P. 

The Mayo Clinic group**! continues to utilize PGV 
as its elective surgical procedure of choice, and, in ap- 
proximately 475 patients followed from | to 12 years, the 
recurrent ulcer rate has been approximately 7%. Paul Jor- 
dan* has carried out PGV among 100 patients with in- 
tractable ulcer pain with a follow-up from 7 to 12 years. 
The recurrent ulcer rate has been 9%, and approximately 
one half of the 100 patients have been followed 10 years. 
Kennedy“ performed PGV on 304 patients between 
1969 and 1977, and there was one operative death (0.3%). 
Two hundred forty-two patients (80%) were followed 5- 
13 years, and the recurrent ulcer rate was 12.4%. Among 
approximately 450 patients, Amdrup“ has accumulated 
a recurrent ulcer rate of 14%, the minimum follow-up 
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has been 6 years, and some patients have been followed 
up to 15 years. 

In the current study a recurrent ulcer rate of 9.2% over 
a 6- to 13-year follow-up is in accord with the reports of 
others. Most of our recurrences have taken place within 
2-3 years following PGV, with the longest interval be- 
tween operation and symptoms of recurrence being 8 
years. Fifty-five patients who underwent PGV during the 
latter 3 years of the study (1977 through 1979) have now 
been followed 6 through 8 years, and seven recurrent ul- 
cers have taken place (12.7% recurrence rate). During the 
first 4 years (1973 through 1976), 54 patients underwent 
PGV with a follow-up now extending from 9 to 13 years, 
with an ulcer recurrence rate of 5.5%. This is in contrast 
to most authors, who have experienced a larger number 
of recurrences taking place during the first 2 years after 
initiating the operation. 

Excluding recurrences, patient satisfaction has been 
extremely rewarding, as evidenced by a Visick grading of 
I and H (83%). Very few patiehts (5%) appeared in the 
Visick III grading, and this is in sharp contrast to the 
rather high percentage of Visick HI grading noted among 
patients who undergo operations for ulcer that either re- 
move, alter, or bypass the pyloric sphincter mechanism. 

The two patients termed failures as a result of marked 
gastric retention no doubt underwent excessive dener- 
vation of the distal antrum, and this occurred during the 
early part of our clinical study. It 1s also of interest that, 
of the three patients operated on for obstruction, two were 
failures. This has also been the experience of others, and 
no doubt considerable thought should be given to per- 
forming PGV in the presence of any degree of pyloric 
obstruction.” Postpyloric stenosis, however, may respond 
well to duodenoplasty when PGV is performed. 

Of the seven patients who underwent reoperation for 
recurrence, three had antrectomy with a Billroth I recon- 
struction performed elsewhere, and four had truncal va- 
gotomy/antrectomy on our service. The addition of trun- 
cal vagotomy provides added assurance against future re- 
currence. The cause for recurrence after what is felt to be 
a properly performed PGV remains unclear, but perhaps 
in the future preoperative evaluation for the presence of 
possible G-cell hyperfunction or G-cell hyperplasia should 
be considered in DU patients.*’ Neither PGV nor TY will 
suppress hyperacidity resulting from G-cell hyperplasia. 
We have had no experience redoing the PGV by first de- 
fining the remaining innervated area of the parietai cell 
mass using intraoperative Congo Red staining. 

Our experience may perhaps be unique in that it rep- 
resents the work of one surgeon along with the resident 
staff operating in a single institution. Also, surgical tech- 
niques remained standardized throughout the study, and 
practically all patients represented a homogeneous group 
in that intractable pain constituted the primary indication 
for PGV. 
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Before embarking on the study, we had the good fortune 
on two separate occasions of enjoying visits to our insti- 
tution from members of the Copenhagen surgical group. 
These splendid surgeons operated with us and participated 
in teaching rounds with the primary focus directed to 
PGV. Following these visits, we elected not to begin per- 
forming PGV immediately on a clinical basis. To gain 
further confidence in our ability to carry out the operation 
correctly, we decided over the following several months 
to operate on a series of 15 good risk patients with in- 
tractable DU, first performing a PGV and on its comple- 
tion converting the PGV to a truncal vagotomy/antrec- 
tomy. At the end of this time, we felt comfortable in doing 
the procedure and were then ready to carry it out on a 
clinical basis. 

From our experience to date with PGV, we feel that 
highly satisfactory results have been obtained over a 6- 
13 year follow-up when the operation is done for intrac- 
tability. The low incidence of undesirable side effects has 
been an appealing feature of the operation. A recurrent 
ulcer rate of 9.2% has been of major concern, but three 
of the recurrences have been managed quite satisfactorily 
medically. Also, reoperation using antrectomy with or 
without vagotomy has achieved very satisfactory results 
with a low morbidity and no mortality. We urge those 
interested in PGV to continue its use, particularly in cases 
of ulcer intractability. It should be emphasized, however, 
that patients should be carefully followed, and another 
10 years of clinical investigation no doubt will be necessary 
to determine the ultimate rate of recurrent ulceration. 
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Gastric Functions in Patients with the Intrathoracic 
Stomach after Esophageal Surgery 
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Functions of the stomach placed in the posterior mediastinum 
after esophagectomy were studied in 20 esophageal carcinoma 
patients. Seven were long-term survivors who lived more than 5 
years after operation, and five of them showed normal fasting 
serum gastrin levels and good or fair gastric acid secretion. Of 
13 patients who had their operations within 3 years before the 
study, 11 showed high fasting serum gastrin levels and poor 
gastric acid secretion. The hepatobiliary and alimentary scinti- 
grams with double isotopes demonstrated a time lag between 
the excretion of the food from the stomach and the excretion of 
bile into the bowels, regardless of the postoperative periods. Ab- 
sorption of vitamin B,, was normal in patients who lived more 
than 2 years after operation. The intraluminal pressure and pH 
studies in long-term survivors showed that our operative tech- 
nique, the posterior invagination esophagogastrostomy, was ef- 
fective in preventing a gastroesophageal reflux in the anasto- 
mosis. 


URING THE PAST 16 years, we performed the re- 
section and primary reconstruction of the 
esophagus in 92 patients with esophageal car- 

cinoma by the posterior invagination esophagogastros- 
tomy we devised. The advantages of this operative tech- 
nique in preventing the anastomotic leakage and reflux 
esophagitis were already reported.'” In this paper we re- 
port digestive and absorptive functions of the stomach, 
placed in the posterior mediastinum, in early and late 
postoperative periods. The antireflux function at the 
esophagogastric anastomosis was also studied in patients 
who lived for more than 5 years after operation. 


Operative Technique 


In the patient placed in the right lateral position, a single 
thoracoabdominal incision is made through the left fifth 
or sixth intercostal space, thereby taking the fifth for an 


Reprint requests: Naniwa Okada, M.D., Department of Thoracic Sur- 
gery, Wakayama Medical College, 640 Wakayama-shi 7 Bancho 1, Japan. 
Submitted for publication: October 4, 1985. 


114 


From the Department of Thoracic Surgery, Wakayama 
Medical College, Wakayama, Japan 


upper or middle intrathoracic esophageal lesion and the 
sixth for a lower esophageal lesion. After dividing the 
esophagogastric junction, the pyloroplasty is performed. 
The apex of the remaining stomach is bent forward, as 
illustrated in Fig. 1A. The proximal segment of the esoph- 
agus 1s placed on the posterior wall of the stomach and 
fixed in position with three lines of mattress sutures. The 
anastomosis is created by a layer to layer technique. The 
apex of the stomach is extended up onto the left esoph- 
ageal wall so as to cover the anastomosis and to be a new 
fornix (Fig. 1B). The details of the posterior invagination 
technique have been described in our previous reports.'? 


Clinical Materials 


Twenty patients were studied. There were 17 men and 
3 women. Their ages at operation ranged from 38 to 74 
years (mean: 59.1). The esophagogastrostomy was done 
in the left cervical region in 13 patients and in the posterior 
mediastinum in seven patients. All patients had squamous 
cell carcinoma. Of 20 patients, seven were long-term sur- 
vivors who lived for more than 5 years after operation 
(from 5 to 13 years), and 13 had their operations within 
3 years before the study (from 1 month to 3 years). 


Investigations and Results 


Secretion of Gastric Acid and the Fasting Serum 
Gastrin Level 


The gastric acid secretion was investigated by means 
of the Congo-red method.* Under endoscopic observation, 
the gastric mucosa was washed with 5% sodium bicar- 
bonate solution; then a 0.3% Congo-red solution was — 
sprayed over the whole gastric mucosa. A tetragastrin hy- ` 
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Fics. 1A and B. Schema of 
the posterior invagination 
technique. 4. The proximal 
segment of the esophagus 15 
placed on the posterior wall 
of the stomach, and fixed in 
three lines with three mattress 
sutures (left lateral view). B. 
The apex of the stomach is 
extended upon the left 
esophageal wall and fixed 
with several stitches to cover 
the anastomosis (anterior 


view), A 
fof 


drochloride of 5 ug/kg was administered intramuscularly. 
The secreting area of gastric acid was identified by the 
color development from red to black. 

Out of seven long-term survivors, two had good gastric 
acid secretion (that is, the black areas in the gastric mucosa 
were seen widely along the greater curvature of stomach 
and were well distinguished from the pyloric and fundic 
gland areas) (Fig. 2). Three patients had fair acid secretion 
(that is, the gastric mucosa was black in several long, nar- 
row zones along the greater curvature). The remaining 
two patients had poor acid secretion (that is, there was 
no black area, or the gastric mucosa was black in a few 
specked areas). 

On the other hand, out of 13 patients who lived less 
than 3 years after operation, one had good and another 





, FG. 2. Endoscopic findings of a good gastric acid secretion by Congo- 
red method. 
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had fair acid secretion. The others had poor acid secretion 
(Fig. 3). The schema of the results was presented in 
Figure 4. 

The fasting serum gastrin (FSG) level was measured by 
radioimmunoassay (polyethylene glycol method). Out of 
five long-term survivors who showed good or fair acid 
secretion, four had normal FSG levels (below 140 pg/ml) 
and one a high FSG level (310 pg/ml). In the remaining 
two long-term survivors who had poor acid secretion, the 
FSG levels were high (590 and 324 pg/ml). 

In 13 patients less than 3 years after operation, two 
patients who had good or fair acid secretion revealed nor- 
mal FSG levels. Of the residual 11 patients who had poor 
acid secretion, nine revealed high FSG levels and two 
normal ones (Fig. 5). 





Fic. 3. Endoscopic findings of a poor acid secretion by Congo-red method. 
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Fic. 4. Schema of the results of gastric acid secretion by Congo-red 
method. The stomach is opened along the lesser curvature. A dotted line 
represents a margin of the pyloric gland area. 


Hepatobiliary and Alimentary Scintigrams 





In order to investigate the passage of the food in the 3Y 5Y 10Y 


stomach in relation to the excretion of bile, the hepato- 
biliary and alimentary scintigrams were done simulta- 
neously. According to the Torizumi’s method,’ two dif- 
ferent radioisotopes were administered to the patient. One 
was technetium-99m-(Sn)-pyridoxylidene-isoleucine 
(°mTce-PI) for hepatobiliary scintigram and the other, in- 
dium-| 1 1-diethyltriamino-pentacetic acid ('''In-DTPA) 
for alimentary scintigram. The diet containing '''In- 
DTPA of 200 „Ci was administered orally, followed by 
an intravenous injection of °™Tc-PI of 4.0 mCi. The pa- 
tient was placed in the supine position during measure- 
ment. With the aid of a scintillation camera (Searle), the 


postoperative years 


Fic. 5. The gastric acid secretion and the FSG levels with the postoperative 
periods. Each marker represents as follows, X: a poor acid secretion, a: 
a fair acid secretion, @: a good acid secretion. A dotted line represents 
an upper margin of the normal FSG level (140 pg/ml). 


cretion and accumulation curve) of each radioisotope was 
drawn with the aid of a computer (Scitipac 1200, Shi- 
mazu). 

Six patients, including two less than 3 years and four 
more than 5 years after operation, and one healthy subject 
were studied. In the healthy subject, both the liver and 


scintigram was recorded. The time-activity curve (the ex- the stomach were delineated clearly at 5 minutes after 


Counts 


wee Tn. P| “in-DTPA 


amin 


seame SOP T CB 





ne Min-DTPA 


stomach: Ty. 20min. 


Fic. 6. Hepatobiliary and al- 
imentary scintigrams and 
time activity curves in a 
healthy subject. In scinti- 
grams both the liver (left) and 
the stomach (right) were de- 
lineated clearly at 5 minutes 
after the administration of 
isotopes. In time activity 
curves the radioactivities in 
both organs decreased simi- 
larly. 
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administration of the radioisotopes. The radioactivity of 
each isotope in the liver and the stomach decreased sim- 
ilarly. The half-life of '''In-DTPA in the stomach was 20 
minutes (Fig. 6). 

On the other hand, in five of six patients, regardless of 
the postoperative periods and the site of the esophago- 
gastrostomy, the food in the stomach went down into the 
bowels 5 minutes after taking the diet (Fig. 7). In the re- 
maining one patient who had the operation with cervical 
anastomosis 13 years before the study, the food in the 
stomach went down into the bowels more slowly than in 
the healthy subject and the half-life of '''In-DTPA was 
30 minutes (Fig. 8). 


Absorption of Vitamin B,» 


By means of the dual radioisotope urinary excretion 
test (Dicopac, Radiochemical Center, England),’ the ab- 
sorption of vitamin B; (VB,2) was examined. A dose of 
*$Co-VB,2 and a dose of *’Co-VB,> bound to human gas- 
tric juice (intrinsic factor) were simultaneously adminis- 
tered orally, followed immediately by an intramuscular 
injection of 1000 g of nonradioactive VB,>2. All urine ex- 
creted in 24 hours after giving the doses was collected. 
The radioactivities of *’Co and *8Co were calculated with 
the aid of a scintillation counter. 

Nine patients, including five less than 3 years and four 
more than 5 years after operation, were studied. In one 
female patient, who had the operation 1 month before 
the study, the urinary excretion rates of 5Co- and °8Co- 
VB,> were found to be 3.9% and 3. 1%, respectively. In FiG. 7. Hepatobiliary and alimentary scintigrams in the patient who 


. : . lived 3 years after operation with cervical anastomosis. The radioactive 
7 ; : Sa 
two patients who lived 11 and 17 months after operation, substance in the stomach went down into the bowels already within 5 
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Fic. 9. The urinary excretion rate (%) of radioactive vitamin B,,. Coupled 
markers, a and V, represent as follows, V: excretion rate of "’Co-vitamin 
B with intrinsic factor, #: excretion rate of "Co-vitamin B,.. A zone 


of slant lines represents the normal range of urinary excretion rate of 
*Co-vitamin Bis. 


mal range of 11-28%, but those of °>’Co-VB,> had values 
in the normal range of 12-30%. In the others who lived 
more than 22 months after operation, the excretion rate 
of **Co-VB,2. was normal, namely showing normal ab- 
sorption of VB (Fig. 9). 


The Antireflux Function at the Esophagogastric Anasto- 
MOSIS 


The antireflux function was examined in all long-term 
survivors. The mucosa of the anastomotic region, ob- 





Fic. 10. Endoscopic findings of the anastomotic region in one long-term 
survivor with cervical esophagogastrostomy (view from the esophagus). 
Both the esophageal and gastric mucosae were normal. A line of white 
spots represents a suture line of anastomosis. 
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Fic. 11. Endoscopic findings of a mild esophagitis in the patient in whom 
the esophagogastrostomy was created above the upper margin of the 
aortic arch. 


served endoscopically, resembled closely that of the eso- 
phagogastric junction of a healthy subject in all patients 
except one (Fig. 10). Although this exceptional one had 
no complaint of esophagitis, the endoscopic findings 
showed diffuse redness in the esophageal mucosa 1-2 cm 
above the anastomotic region (Fig. 11). 

Roentgenographically, 1t was well demonstrated in all 
patients, including one with esophagitis, that, in head- 
down position, the contrast medium flowed quickly into 
the surgically created new fornix, compressing the distal 
end of the esophagus and building up a sharp angle of 
His (Fig. 12). 

Using a cathetertip pressure transducer (Goodman Co., 
Ltd) and a pH meter (Schott~Gerate GmbH), the intra- 
luminal pressure and pH were examined by means of a 
pull-through technique. A high pressure zone at the anas- 
tomotic region was recorded with concomitant elevation 
of pH in patients with cervical anastomosis (Fig. 13). En- 
doscopically and roentgenographically, there were no cases 
of anastomotic stenosis, 


Discussion 


Anastomotic leakage and reflux esophagitis are even 
now matters of great concern in esophageal surgery. The 
former may be a lethal complication in many cases and 
the latter a long-lasting and uncomfortable complaint, in 
spite of the medications. On the other hand, the functions 
of the substitute for the esophagus are also matters of 
concern for many surgeons. In the case of using the stom- 
ach as a substitute, the functions of the stomach are very 
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important in maintaining postoperative nutritional con- 
ditions. According to the Report of Treatment Results of 
Esophageal Carcinoma in Japan, published yearly by the 
National Cancer Center, Tokyo, in over 80% of patients 
the stomach has been utilized as a substitute for the 
esophagus. In our clinic the reconstruction of the esoph- 
agus has been made, in principle, with the whole stomach. 


Secretion of Gastric Acid and the FSG Level 


In esophageal surgery a complete truncal vagotomy is 
necessarily performed. The truncal vagotomy has been 
done in duodenal ulcer patients to reduce the gastric acid 
output. Recent knowledge’ has demonstrated the three 
stimulants of gastric acid secretion, namely acetylcholine, 
gastrin, and histamine. The vagal stimulation causes the 
release of acetylcholine. 

In our patients the gastric acid output was examined 
by means of the endoscopic Congo-red method, which is 
a convenient way of estimating the degrees of acid output 
grossly. Poor acid secretion, observed in 11 of 13 patients 
who lived for less than 3 years after operation, may be 
ascribed to the vagotomy. Some investigators'®!'' reported 
also the reduction of the gastric acid output in esophageal 
carcinoma patients after operation. 

The fact that good or fair acid secretion was observed 
in five of seven long-term survivors may suggest the res- 
toration of the acid-secreting function. In the duodenal 
ulcer patient it is not uncommon for the acid output to 
drop once after vagotomy and then increase again.!*:!? 
Unlike the duodenal ulcer patient, the esophageal carci- 
noma patient has some distinctive features, such as nomo- 
or hypoacidity before operation,'':'* elderly age at oper- 
ation, and reduced blood flow of the stomach by operative 
procedures. The latter two features may be the causes of 
the atrophic gastritis’? and may be unfavorable to the re- 
covery of the gastric acid secreting function. As far as we 


. know, the restoration of the gastric acid secretion has not 


been reported in cases in which the gastric tube (rolle- 
shaped stomach) was utilized as a substitute for the 
esophagus. This may suggest that the adoption of the 
whole stomach, in case of which the blood flow of the 
stomach is preserved relatively well, is an important factor 
in the restoration of gastric acid secretion. 

The truncal vagotomy was shown to bring about an 
increase in the FSG levels in duodenal ulcer patients!®-!* 
and also in esophageal carcinoma patients.'!?*° Of the 
causative factors of high serum gastrin levels after vagot- 
omy, the reduction of the gastric acid output may be most 
important.'' In various types of vagotomy, the relation- 
ships between the gastric acid output and serum gastrin 
levels were investigated and contrary results were ob- 
tained.*!”” These differences in the results may be due in 
part to the complicated mechanisms of acid secretion?” 
Lam et al.'° described the influence of postoperative time 
on the acid output in esophageal carcinoma patients. In 
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FG. 12. Roentgenogram in head down position in one long-term survivor 
with left intrathoracic esophagogastrostomy. The new fornix was filled 
with the contrast medium and no reflux was observed. 


our study, 6 of 7 patients who had good or fair acid se- 
cretion showed almost normal FSG levels. Therefore, we 
suppose that the FSG level may be a useful index to detect 
the restoration of gastric acid secretion. 
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FiG. 13. The intraluminal pressure and pH by pull-through technique 
in one long-term survivor with left cervical anastomosis. The high pressure 
zone was recorded in the anastomotic region with a concomitant elevation 

of pH. ee 
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One long-term survivor, who showed a mild stagnation 
of the food in the stomach, had a high FSG level (310 pg/ 
ml) in spite of good acid secretion. In this patient the 
gastrin secreting cell in the pyloric antrum was examined 
by the PAP method and no hyperplasia of gastrin secreting 
cells was observed. This result suggested that there were 
extra-antral sources of gastrin. 1874 


Hepatobiliary and Alimentary Scintigrams 


The simultaneous hepatobiliary and alimentary scin- 
tigrams done by means of the double isotope method were 
primarily performed in order to estimate the postcibal 
asynchronism after upper abdominal surgery.” In esoph- 
ageal surgery, when the stomach is used as a substitute 
for the esophagus, it is thought of as a tube for passing 
the food only. In 5 of 6 patients studied, the food in the 
stomach went down into the bowels 20-30 minutes faster 
than the excretion of bile into the bowels. Of course this 
may be due to pyloroplasty. In this condition there was 
a fear that the effective mixing of the food and bile in the 
bowels might not be done. Indeed, some reports'***** 
described digestive dysfunctions after operation, such as 
diarrhea, abdominal swelling, dumping syndrome after 
meals, etc. Concerning the quality of life after esophageal 
surgery, the jejunal replacement of the esophagus is 
thought to be excellent.” But in patients with the gastric 
replacement of the esophagus, most of the postoperative 
complaints come from the gastroesophageal reflux,” 
and malnutrition has been reported only in early post- 
operative periods.” In our patients, especially in long- 
term survivors, there were no sustained abdominal com- 
plaints or severe malnutritions. 

The patient who had a mild stagnation of food in the 
stomach (Fig. 8) had a slight narrowing in the stomach 
near the pyloric region roentgenographically; this may be 
due to a tight closure of the incised diaphragm through 
which the stomach passes. 


Absorption of VB; 


In our previous reports??? the absorption of VB):, 
which markedly decreased immediately after operation, 
recovered well 11⁄2 years after operation. In the present 
study, a female patient who received the operation | 
month before the study had a marked reduction of VB, 
absorption in condition of the administration of the in- 
trinsic factor. This may be due to dysfunctions of the 
bowels or the pancreas.***4 In two other patients, i1 and 
17 months after operation, the malabsorption of VB; 
was corrected by the administration of the intrinsic factor; 
the deficiency or reduction of the excretion of the intrinsic 
factor may be the cause of the malabsorption of VB,-. In 
the remaining six patients who lived more than 22 months 
after operation, the absorption of VB, was normal. 
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Concerning the absorption of VB, after vagotomy, 
Muyshondt et al.” described a marked reduction im- 
mediately after operation in experimental animals. In 
clinical studies Yamanaka” reported the normal levels of 
serum VB,> in patients more than 4 years after vagotomy, 
and Johnson et al.” also reported the same results in pa- 
tients more than 15 years after vagotomy. These reports 
agreed with our results. The malabsorption of VB, after 
vagotomy was shown to be due to the decreased excretion 
of the intrinsic factor from the parietal cells of the 
stomach.” 

In our study the relationship between the recovery of 
VB, absorption and the acid output was not determined. 


Antireflux Function at the Anastomotic Region 


In patients in the early postoperative periods, the in- 
vagination esophagogastrostomy was shown to be very 
effective in preventing gastroesophageal reflux.' In the 
present study this antireflux function at the anastomotic 
region was well maintained also in patients of more than 
{0 years after operation. The roentgenographic findings 
demonstrated that the surgically created new fornix with 
a sharp angle of His played an important role. 

In one patient, who had mild reflux esophagitis, the 
intrathoracic anastomosis was made above the upper 
margin of the aortic arch, and the angle of His became 
obtuse because of the incomplete fixing of the gastric con- 
vexity to the esophagus in a deep and limited operative 
field. The erythematous changes of the esophageal mu- 
cosa, which were observed in the early postoperative days, 
did not alter in degree and extent even 13 years later. 
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Influence of Peritoneal Lavage on Objective 
Prognostic Signs in Acute Pancreatitis 
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In 39 patients with severe attacks of acute pancreatitis, a lon- 
gitudinal study was done with respect to the influence of peri- 
toneal lavage on objective prognostic signs (WBC, blood-glucose, 
serum-calcium, hematocrit, serum-creatinine, arterial pO,, base 
deficit); amylase activities in peritoneal fluid, serum, and urine; 
serum-hemoglobin, serum-Na, serum-K, and plasma-insulin. In 
addition to standard care in the ICU, half of the patients (N 
= 19) were randomly treated with peritoneal lavage. Peritoneal 
lavage did not influence overall mortality (13%), incidence of 
major complications (36%), or hospital stay (23 + 7 days}. None 
of the prognostic signs was significantly influenced by lavage. 
Amylase concentration in peritoneal fluid was significantly re- 
duced in the lavaged group after 6 hours compared to 24 hours 
in controls. Serum and urinary amylase decreased 12 hours earlier 
in the lavaged group, indicating an efficiency of the lavage pro- 
cedure per se. Still, this study did not reveal any beneficial clinical 
effects of peritoneal lavage in acute pancreatitis. 


CUTE PANCREATITIS 1s probably initiated by in- 
trapancreatic activation of trypsinogen followed 
by activation of other proenzymes pathophysi- 

Ologically related to different clinical manifestations of 
the disease.” In severe forms there is transudation into 
the peritoneal cavity of fluid containing large amounts of 
biologically active agents that are resorbed into the cir- 
culation mainly via the transperitoneal route. Therefore, 
the concept of peritoneal lavage—to prevent local and 
remote effects of noxious intraperitoneal agents—is 
highly attractive. The encouraging results from initial 
experimental** and uncontrolled clinical studies? were, 
however, not confirmed in a recent prospective, random- 
ized trial from Great Britain.® These contradictory results 
may be explained by different study populations and the 
use of varying systems or lack of systems for grading the 
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severity of the disease; another possible explanation is dif- 
ferences in the lavage technique and in the efficiency by 
which the peritoneal cavity is cleared. 

The primary aim of this study was not to evaluate the 
effects of peritoneal lavage on mortality or rate of major 
complications. Because of the relatively low incidence of 
severe acute pancreatitis and the difficulties in clinically 
grading the severity of the disease, such studies must be 
carried out on a multicenter basis in order to achieve a 
study population great enough for valid conclusions. The 
effects of peritoneal lavage on parameters other than mor- 
tality and major complications could, however, be ex- 
pected to yield information on the therapeutic value of 
this procedure. Therefore, the aim of this prospective, 
randomized series from a single hospital was to study lon- 
gitudinally the influence of peritoneal lavage on some se- 
lected objective prognostic factors. Additionally, the ef- 
ficiency of lavage in reducing amylase levels in peritoneal 
fluid, blood, and urine was evaluated. 


Methods 
Design of the Study (Fig. 1) 


During a period of 3 years, all 245 patients admitted 
to the Department of Surgery, University Hospital, Lund, 
Sweden, with clinical and laboratory signs of acute pan- 
creatitis were candidates for the study. After a careful ex- 
amination by one of the coordinators (AE or II), only 
those considered to suffer a moderate or severe attack 
were included. They were moved to the surgical intensive 
care unit (ICU). and a peritoneal dialysis catheter was 
inserted percutaneously (vide infra). If amylase activity 
was demonstrated in the peritoneal cavity, the patient was 
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Fic. 1. Design of the study. 


included in the study. After informed consent was given, 
the patient was randomized to the lavage or control group 
using the sealéd envelope technique. The study was ap- 
proved by the Local Ethical Committee. 


Patients 


Forty-three patients (18% of all patients with a diagnosis 
of pancreatitis admitted during the study period) met the 
criteria for inclusion in the study. Three control patients 
with mild pancreatitis as assessed after 48 hours were ex- 
cluded. One patient had a misdiagnosis. He had previously 


‘undergone a Billroth II resection and a cholecystectomy 


and was now admitted in poor condition after a period 
of alcohol abuse. Thrée days after the diagnosis of pan- 
creatitis and randomization into the lavage group were 
made, his condition deteriorated and the diagnosis was 


TABLE 1. Patient Characteristics 





Peritoneal lavage Controls 
(N = 19) (N = 20) 
Age (years) 58 + 3.8" 59 + 3.1 
Male 15 15 
Female 4 5 
Ethyl 9 13 
Gallstones 6 4. 
Other etiology 4 3 
Diabetes 1 l 
Previous acute pancreatitis 7 4 


* Mean + SEM. i 
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TABLE 2. Ranson Criteria Used* 


At admission or diagnosis 


Age.over 55 years 

WBC over 16 X 10°/L, 

Blood glucose over 10 mmol/L 
Serum GOT (ASAT) over 1.5 ukat/L 


During the initial 48 hours | 
Hematocrit fall greater than 10 percentage points 
Serum creatinine rise more than 10 percentage points 
Serum calcium level below 2 mmol/L 
Arterial pO, below 8 kPa (60 mmHg) 
Base deficit greater than 4 mmol/L 
Estimated fluid sequestration more than 6 L 


* Units according to the SI system. 


questioned because of fecal odor from the lavage fluid: A 
laparotomy was performed and unmasked a gangrenous 
small intestine. Twelve hours later the patient died. Au- 
topsy verified a thrombosis in the superior mesenteric ar- 
tery and a normal pancreas. The remaining 39 patients, 
with a median age of 58 years (range of 25-89 years) were 
equally assigned to the lavage and control groups (Table 
1). There was 4 marked preponderance of men (30 men 
and 9 women), but no differences were found between 
the groups with respect to sex or age distribution. 

In 22 patients (56%) alcohol was the dominating etio- 
logic factor, and in ten (26%) gallstones were present. No 


‘clear-cut etiology could be demonstrated in six cases. 


Eleven patients (28%) had been hospitalized previously 
with the diagnosis of acute pancreatitis. : 

The retrospective analysis with the use of a modified 
Ranson system of the severity of attacks (Table 2) revealed 
that the majority of the patients had a severe attack. Fur- 
thermore, there were no differences between the lavage 
and control groups in this respect (Table 3). No patient 
had more than 2 days from onset of symptoms until treat- 
ment (+ lavage) in the ICU started. 


Statistical Analysis 

Student’s t-test for unpaired observations was used for 
the statistical analysis. 
Management 


All patients received standard intensive treatment, 
which included a central venous catheter, an indwelling 


TABLE 3. Patients Grouped According to Number 
of Rahson Criteria Used (Max 10) 


Peritoneal Lavage Controls 
<2 23 <2 =3 
4 15 5 15 
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TABLE 4. Outcome in 39 Patients with Acute Pancreatitis 


Peritoneal Lavage Controls 
Death 4 (21%) 1 (5%) 
Number of patients 
with major 
complications 8 (42%) 6 (30%) 
Surgical drainage I 4 


Artificial ventilation 
needed (number of 
patients) 5 3 

Gastric retention* 
(ml/48 hours) 

Hospital stay (days)* 


1328 + 263 1471 
23.3265 23.3 +67 


* X + SEM. 


urinary catheter, and a nasogastric tube. Intravencus 
crystalloid solutions and plasma were given according to 
the needs of the individual patient. Eight patients with 
hypoxemia (P,O; below 8 kPa) in spite of oxygen therapy 
were treated by controlled ventilation. Antibiotics were 
used in cases with signs of infectious complications. Blood 
samples were drawn every 12 hours during the first week 
for determination of hemoglobin, hematocrit, white-ceil 
count, serum amylase activity, serum creatinine, serum 
glucose, plasma insulin activity, and electrolytes, including 
serum calcium. Acid-base balance blood gases and serum 
albumin were monitored routinely. Urinary aliquots were 
taken concomitant with the blood samples for amylase 
determination. Samples were taken from the peritoneal 
fluid at 0, 6, 12, 18, and 24 hours and then every |2 hours 
for determination of amylase activity. In the controls, 
simple siphonage was significant to obtain the sample. 
The spontaneous flow of peritoneal fluid from the lavage 
group was collected shortly before start of the next infu- 
sion. Samples for bacterial and viral cultures were regularly 
taken from peritoneal fluid during the first 4 days. 

An attempt to evaluate the intensity of pain was done 
every 12 hours by the nurse responsible for the patient. 
Pain was registered as absent (0), moderate (1), or severe 
(2). Analgetics were given accordingly. None of the pa- 
tients in this series had an epidural catheter for analgesia. 


mee PL 
----- Controls 
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Fic. 2. Mean pain score in patients treated with (PL) or without (controls) 
peritoneal lavage for acute pancreatitis. Intensity of pain is graded as 
severe (2), moderate (1), or absent (0). 
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A standard peritoneal dialysis catheter was introduced 
in the midline below the umbilicus in local anesthesia. A 
small skin incision was made, and no attempts were made 
to visualize the peritoneum. After aspiration of ascites. 
samples for amylase determination were immediately 
collected. Free peritoneal fluid was found in the majority 
of patients. Irrespective of the presence of spontaneous 
fluid, all patients received an additional 0.5 L isotonic 
saline infusion into the peritoneum, and samples were 
again collected for determination of amylase activity. 
These latter determinations—and not those of the spon- 
taneous flow—were used as reference values. 

In ten randomly chosen patients from the control 
group, the dialysis catheter was left in place for collection 
of any free ascitic fluid (maximum 10 ml at every occa- 
sion), as indicated above. For peritoneal lavage, an iso- 
tonic, electrolytic solution (Peritolys®) with the addition 
of heparin 250 IU/L and ampicillin 125 mg/L was used. 
The lavage was carried out with the exchange of one liter 
per hour for approximately 4 days. 


Clinical Course (Table 4) 


The overall mortality was 13% (5/39). One 74-year-old 
patient in the control group died from circulatory failure 
after 3 days. There were four deaths in the lavage group; 
three in young alcoholic men and one in an elderly man 
with gallstones. The latter patient died after 5 days as a 
result of myocardial infarction. In the other three patients, 
who died after 2—4 weeks, respiratory failure was a con- 
tributary cause of death. 

Major complications such as intra-abdominal abscesses, 
septicemia, severe renal and pulmonary insufficiency, and 
formation of pseudocysts occurred in 36% of the patients, 
eight in the lavage group and six in the control group. 
Surgical drainage procedures were needed in five patients. 
There were no differences between the groups in the 
amount of gastric retention during the first 48 hours. 

Duration of hospital stay was similar in the two groups. 
As shown in Fig. 2, the intensity of pain did not differ 
between lavaged and nonlavaged patients. In this small 
group of patients, there were no obvious differences after 
a minimum observation time of 6 months concerning 
general condition, recurrent attacks of the disease, devel- 
opment of diabetes, abscesses, or pseudocysts. 


Amylase Levels in Peritoneal Fluid, Serum, and Urine 


The ability of lavage treatment to influence the level 
of amylase activity in peritoneal fluid is shown in Fig. 3. 
Significant decrease in amylase activity was observed al- 
ready after 6 hours in the lavage group but not until 24 
hours in the control group. Interestingly, serum and uri- 
nary amylase decreased 12 hours earlier in the lavage than 
in the control group (Fig. 3). Furthermore, lowered levels 
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of amylase were noted earlier in the peritoneal fluid than 
in serum or urine. These data seem to support the opinion 
that peritoneal lavage may accelerate the elimination of 
amylase. i 


Longitudinal Study of Prognostic Signs 


During the first week, repeated determinations of white 
blood cell count, hematocrit, serum creatinine, and serum 
calcium did not demonstrate any differences between the 
lavage and control groups (Fig. 4). Patients in the lavage 
group had higher levels of blood glucose after 24 and 48 
hours only (Fig. 4). Probably because of the wide range 
of the individual insulin values, no statistical difference 


was achieved although the mean values were constantly 


higher in the lavage group during the study period (the 
first week). Levels of serum hemoglobin, sodium, and po- 
tassium were not significantly different in the two groups 
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Fic. 3. Amylase concentration (ukat/L) in peritoneal fluid, serum and 
urine in patients treated with (N = 19) or without (N = 20) peritoneal 
lavage for acute pancreatitis. The control group used for measurement 
of peritoneal fluid amylase consisted of 10 patients. “Denotes a p-value 
< 0.05 when tested against basal (=0 hours) values. **Denotes a p-value 
< (0.01 when comparison is made between the lavaged and control groups. 
(© ——— @) Peritoneal lavage; (@ — — - @) controls. 


(Table 5). Also, the serum ASAT and ALAT were similar 
in the two groups during the study period (LDH was not 


, routinely measured) as were P,O2, base deficit, and esti- 


mated fluid sequestration. As the disease progressed, a 
decreasing serum hemoglobin concentration (Table 5) was 
observed in all patients, irrespective of lavage treatment. 
This corresponds to a similar decrease in hematocrit val- 
ues, whereas the white blood cell counts were unaffected 
(Fig. 4). It is noteworthy that serum potassium was higher 
in the lavage group during the second half of the first 
week (Table 5). In no patient was any positive bacterial 
or viral culture found in samples from peritoneal fluid. 


Discussion 


In this single-center study, the value of peritoneal lavage 
in acute pancreatitis was studied from certain points of 
view. Because of the relatively low number of patients _ 
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expected to be included during a realistic time period, the 
attention was not focused on the mortality or complica- 
tion rate. Instead, a careful longitudinal study was done 
on some accepted objective prognostic signs.’~” Also, sys- 
tematic measurements of amylase levels in peritoneal 
fluid, serum, and urine were made during the first 4 days 
of the treatment period (+ lavage). For such detailed stud- 
ies, a single-center study is clearly advantageous since 
multicenter studies involve a great number of doctors and 
various biochemical assay routines in different hospitals. 

In spite of the limited number of patients in this study, 
it supports and emphasizes the findings of the recent and 
bigger study by Mayer et al.,° who also were unable to 
substantiate any beneficial effects on mortality and mor- 
bidity in acute pancreatitis. The overall mortality rate in 
their study was 27.5% as compared to 13% in the present 
study, whereas the number of patients developing major 
complications in the two studies was the same (36%). The 
third prospective, randomized study hitherto published is 
the one by Stone and Fabian.'° Unfortunately, the patients 
were allowed to change groups after randomization, and, 
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Fic. 4. Longitudinal measurement of five prognostic signs in patients 
treated with (N = 19) or without (N = 20) peritoneal lavage for acute 
pancreatitis. (@ ———— @) Peritoneal lavage: (@ - - — @) controls. 


furthermore, the lavage treatment was continued for only 
24 hours. Therefore, their results—a reduction in mor- 
tality in the lavage group—must be judged with a great 
deal of skepticism. 

On admission, all patients had a diagnostic lavage with 
half a liter of saline. It is, however, highly unlikely that 
this procedure had any therapeutic effects in our patients, 
especially since the saline infusate was not drawn off the 
peritoneal cavity. Therefore, the amount of biologically 
active agents initially eliminated only corresponded to 
the 10 ml of fluid drawn for examinations. 

There were no complications clearly related to the la- 
vage treatment. Since respiratory difficulties—at least 
theoretically—-may be caused by the lavage treatment, 
however. it is noteworthy that in three of the four deaths 
in the lavage group respiratory failure was a prominent 
clinical feature. Contrary to Mayer et al.,° we did not rec- 
ognize any technical or infectious complications of the 
lavage treatment. A transitory increase in blood glucose 
was found in the lavage group, which is easily understood. 
We have, however, no explanation of the high levels of 
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TABLE 5. Longitudinal Values of Three Laboratory Tests during the First 7 Days 


Laboratory Test Group 0 
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Day 
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Serum-K (mmol/L) L 3.92 + 0.10 4.01 + 0.14 4.50 + 0.23* 4.46 + 0.26* 

C 3.97 + 0.15 3.80 + 0.21 3.75 + 0.22 3.78 + 0.18 
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Data from days 0, 2, 4, and 7 are given (X + SEM). 


Probability levels of random difference as compared to day 0: * p < 0.05, tp < 0.01 and fp < 0.001. 


L = lavage group; C = controls. 


serum potassium found in the lavage group at the end of 
the first week, since they were not related to the corre- 
sponding creatinine or insulin levels. 

This study did not disclose any beneficial effects of la- 
vage on the prognostic signs studied. Since the two groups 
were comparable and the study was carried out in a stan- 
dardized way by a small number of doctors (two) and 
nurses (six), the findings support our present belief that 
peritoneal lavage as an isolated invasive treatment is 1n- 
significant in the cure of patients with moderate or severe 
acute pancreatitis. This opinion is further strengthened 
by our finding ofa more rapid reduction of amylase levels 
in blood and urine in lavaged patients. Thus, even if we 
managed to approach the methodological goal of the 
treatment, there was no clinical success. We therefore feel 
that the whole concept of peritoneal lavage per se as a 
treatment for acute pancreatities should be questioned. 

Our finding that peritoneal lavage affects blood and 
urine levels of amylase is in conformity with previous 
experimental studies* and supports the idea that the peri- 
toneal fluid in acute pancreatitis is an integrated com- 
ponent in the pathophysiology of the disease. In the study 
by Mayer et al.,° lavage did not influence the blood am- 
ylase levels. Again, this discrepancy might reflect the dif- 
ficulties in detecting minor changes due to the heteroge- 
neity of multicenter studies. 

In summary, the present study did not reveal any ben- 


eficial effects of peritoneal lavage in acute pancreatitis, 
and the findings even question the whole concept of lavage 
as a principal treatment of the disease. 
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Forty-one patients admitted to our hospital during an 18-month 
period with the clinical diagnosis of colonic diverticulitis were 
analyzed to evaluate the utility of computed tomography (CT). 
Abdominal pain and leukocytosis were the most common pre- 
senting manifestations, 75 and 66%, respectively. Just over one- 
half of the patients also demonstrated hematuria. Twenty patients 
required surgical intervention, most commonly for failure to im- 
prove despite medical management. Preoperative studies included 
10 sigmoidoscopies, 30 plain abdominal roentgenograms, 20 
barium enemas (BE), and 24 CT scans. Two CT scans were also 
obtained after operation for successful percutaneous drainage of 
intra-abdominal abscesses. Abdominal roentgenograms were 
most commonly obtained but least helpful, with only one third 
demonstrating any abnormality whatsoever. Sigmoidoscopy was 
least commonly performed but almost universally abnormal. 
Specificity was low, however, in that spasm with inability to 
advance the endoscope was the most common finding. Of the 20 
barium enemas obtained, 60% had findings consistent with di- 
verticulitis, most commonly localized perforation or fixed narrow 
segment. Sixty-three per cent of CT scans were abnormal. The 
most frequent findings were localized thickening of the colonic 
wall and increased density in the pericolic fat. Diverticular ab- 
scess, which may be inferred by other studies, was definitely 
diagnosed in one third of the patients with abnormal CT scans. 
CT also provided the ability to identify extracolonic intra-ab- 
dominal pathology. The study demonstrates that both barium 
enema and CT are effective in diagnosing diverticulitis, although 
CT can be performed without risk. CT played no therapeutic 
role before operation, although two patients benefited after op- 
eration by CT-guided drainage of intra-abdominal abscesses. The 
decision for surgery was most frequently dependent on clinical 
examination and never solely on the basis of either the barium 
enema or CT in this study. The major benefit of CT appears to 
be its ability to identify both gross and subtle changes indicative 
of diverticular disease and extracolonic pathology in a relatively 
noninvasive manner. 
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HE BARIUM ENEMA (BE) has traditionally been the 
diagnostic study of choice in evaluating patients 
with acute colonic diverticulitis.' Recently, 

computed tomography (CT) has proven to be sensitive in 
delineating alteration in the colonic wall and pericolonic 
tissue planes.** At our institution, CT scanning has been 
utilized extensively in patients with diverse abdominal 
processes. Consequently, we undertook this study to eval- 
uate the impact of CT scanning in colonic diverticulitis. 
In this report, CT scanning was compared with the other 
diagnostic modalities frequently used in evaluating sus- 
pected diverticulitis: plain abdominal roentgenograms, 
barium enemas, and sigmoidoscopies. 


Clinical Material 


A retrospective analysis of patients hospitalized at Uni- 
versity Hospitals of Cleveland between January 1983 and 
June 1984 with the primary diagnosis of colonic divertic- 
ulitis was undertaken. During this !8-month interval, 
there were 44 admissions for 41 patients, ranging in age 
from 43 to 89 years (mean: 66 years). Fourteen patients 
were male and 27 were female. Abdominal pain and leu- 
kocytosis (white blood cell count greater than 10.8 X 103/ 
mm?) were the most common presenting manifestations, 
occurring in 75% and 66% of the patients respectively. 
Other laboratory values were inconsistently abnormal and 
thus of little diagnostic significance, although hematuria 
was present in 55% of the patients. Parenteral antibiotics 
were administered to 93% of the patients for an average 
of 7.5 days (range: 2~20 days). Blood cultures were ob- 
tained in 21 cases (48%), with 8 of 21 positive (38%). 

Twenty of the 41 patients (49%) required surgical in- 
tervention. Of those patients needing surgery, eight (40%) 
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TABLE 1. Indications for Surgery in 20 Patients with Diverticulitis 


Indication Number of Patients (%) 
_ No improvement with conservative 

therapy 8 (40%) 
Intra-abdominal abscess 3 (15%) 
Colovesicle fistula 2 (10%) 
Colouterine fistula 1 (5%) 
Coloenteric fistula 1 (5%) 
Peritonitis 2 (10%) 
Obstruction : 2 (10%) 
Semielective procedure after 

improvement on antibiotics 1 (5%) 
Total 20 


had 4 documented prior history of diverticular disease. 
The most frequent indication for surgery was failure to 
improve despite medical management consisting of na- 
sogastric intubation, bowel rest, and parenteral antibiotics 

æ- (Table 1). Although a variety of surgical procedures was 
performed (Table 2), sigmoid resection with creation of 
a proximal and colostomy and distal mucous fistula was 
the most commonly employed surgical technique. Intra- 
operative cultures were obtained in 14 cases (70%), of 
which 12 were positive (86%). Operative mortality was 
10% and the average length of hospital stay was 15 days 
(range: 4-59 days). 

Diagnostic studies obtained (excluding the sauenen: 
tive period) for the entire group included 30 plain abdom- 
inal roentgenograms, 24 CT scans, 20 BEs, and 10 sig- 
moidoscopies (8 flexible and 2 rigid). Two CT scans were 
obtained after operation and used for successful percu- 
taneous drainage of intra-abdominal abscesses. Seven BE 
studiés and ten CT scans were obtained in the 20 patients 
requiring surgery. 

Results 
Y- Ofthe 30 piain abdominal roeritgenograms obtained 
in these 41 patients, only nine roentgenograms demon- 
strated any abnormality, most commonly the nonspecific 


finding of distended loops of small or large bowel (Table 
3). Only two of 30 roentgenograms (6.6%) were indications 


TABLE 2. Operative Procedures in 20 Patients with Diverticulitis 


Procedure Number (%) 

Sigmoid resection, descending colostomy, 

mucous fistula 10 (50%) 
Sigmoid resection, descending colostomy, 
_ Hartmann’s pouch 5 (25%) 
Sigmoid resection, colocolostomy 2 (10%) 
Resection of splenic flexure with colocolostomy 1 (5%) 
Right hemicolectomy with ileocolostomy 1 (5%) 
Right hemicolectomy with ileocolostomy and 

sigmoid resection with colocolostomy 1 (5%) 

S- Total 20 
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TABLE 3. Plain Abdominal Roentgenograms in Patients with 
Suspected Diverticulitis (N = 30) 


% of Total 
Interpretation Number* Roentgenograms 

Normal | 2h 70% 
Dilated colon 3 10% 
Dilated small bowel 3 10% 
Adynamic ileus | 2 6.6% 
Soft tissue density in left 

_ lower quadrant 2 6.6% 
Pneumoperitoneum 1 3.3% 
Small bowel obstruction l 3.3% 


* Summation of numbers is greater than 30 and percentage is greater 
than 100% since more than one interpretation was possible in an indi- 
vidual patient. 


for surgery (pneumoperitoneum and small bowel ob- 
struction) and two of 30 relative indications for operative 
intervention (soft tissue density suggesting abscess). 

Sigmoidoscopy was performed in 10 patients, eight with 
the flexible endoscope and two with the rigid (Table 4). 
All flexible sigmoidoscopies were abnormal, with the ex- 
ception. of one examination hampered by excess feces. 
Spasm with inability to advance the endoscope and mu- 
cosal edéma were the most common findings. Both rigid 
sigmoidoscopies were equivocal. 

Twenty barium enemas were obtained, and 12 (60%) 
had findings consistent with diverticulitis. A localized 
perforation or evidence of a fixed narrow segment of colon 
were the most frequent findings, 40% and 30%, respec- 
tively (Table 5). In seven patients requiring surgery who 
had preoperative barium enemas, there was one false- 
negative (accuracy of 86% confirmed at surgery). Twenty- 
four patients had an abdominal CT scan, of which 15 
were abnormal (63%). Of the abnormalities, edema of the 
pericolic fat and a thickened colonic wall were found most 
frequently in 67% and 53%, respectively (Table 6). Nine 
patients had abdominal CTs and required surgery, of 
which six (67%) were confirmed at surgery. Two scans 
erroneously localized the pathology in the rectum and 


TABLE 4. Sigmoidoscopy in Patients with Suspected 
Diverticulitis (N = 10) 


% of Total Number 
Interpretation Number* of Sigmoidoscopies 
Normal 3 30% 
Spasm or inability to 
advance endoscope 4 40% 
Mucosal edema 3 30% 
Demonstration of diverticula 1 10% 
Purulence eminating from a 
diverticular orifice l 10% 


* Summation of numbers is greater than 10 and percentáge is greater 
than 100% since more than one interpretation was possible in an indi- 
vidual patient. 
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TABLE 5. Barium Enema in Patients with Suspected 
Diverticulitis {N = 20) 


APRN A ARANETA ARAN Rie et a ah RY 








Interpretation Number* of BE’s 
Normal 8 40% 
Localized perforation or 

extravasation 8 40%, 
Narrowed or fixed segment 6 30% 
Fistula tract 2 10% 
Complete obstruction l 5% 
Localized displacement or 

mass effect | 5% 


* Summation of number is greater than 20 and percentage is greater 
than 100% since more than-one interpretation was possible. 


right colon in patients with sigmoid diverticulitis. The 
remaining scan was falsely negative. 

Both a BE and CT were obtained in seven patients. In 
one instance, the BE and CT were positive, and in two 
others both were negative. There was disagreement in the 
remaining four studies. 

The following cases illustrate the utility of CT scanning 
in patients with suspected colonic diverticulitis. 


Case l 


A 61-year-old white woman with a prior history of diverticular disease 
presented with abdominal and back pain. On admission her temperature 
was 39.1 C, and she had a moderate amount of abdominal tenderness 
in both lower quadrants. Leukocyte count was 23.4 X 10° with 64 neu- 
trophils and 24 band cells. A plain film of the abdomen was nonspecific. 
CT scan showed edema of the perisigmoidal fat with an air fluid level 
(Fig. 1). At exploration, a perforated sigmoid diverticulitis with abscess 
was identified, and a sigmoid colectomy with an end colostomy and 
Hartmann’s pouch was performed. Her postoperative course was un- 
complicated. 


Case 2 


This 63-year-old black man with no prior history of diverticular disease 
presented with periumbilical pain and anorexia. He was febrile (38.3 C), 
with a normal leukocyte count. Plain abdominal roentgenogram showed 


TABLE 6. Computed Tomography in Patients with Suspected 
Diverticulitis (N = 24) 


“Witney rt cedicteter Abetteateh tare 


% of Total Number 


Interpretation Number * of Scans 
Norma! 7 29% 
Edema of surrounding fat 10 42% 
Thickened colonic wall 8 33% 
Air fluid level or fluid collection 5 21% 
Pericolic soft tissue density 
(phlegmon) 3 13% 
Soft tissue gas 2 8% 
Z R% 


Thickened rectum/right colon t 





* Summation of numbers is greater than 24 and percentage is greater 
than 100% since more than one interpretation is given per scan. 

+ False-positives—pathology at surgery identified in sigmoid colon 
only. 
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Fic. 1. CT examination reveals a large mass abutting the sigmoid colon 
with small gas collections and a large air fluid collection (straight arrows). 
Note was made of a cystic mass on the right side of the pelvis, interpreted 
as an ovarian cyst (curved arrow}, 


a localized ileus in the nght lower quadrant. BE revealed multiple fistulae 
within the ascending colon and a localized perforation. Abdominal CT 
showed a 3 cm right renal mass and an irregular soft tissue density around 
the ascending colon, adjacent to a loop of bowel (Figs. 2A and B). At 
surgery, there was a perforated cecal diverticulitis and a right renal tumor. 
A right hemicolectomy with an ileocolostomy and concomitant right 
radical nephrectomy were performed without complications. Final pa- 
thology of the renal mass was an oncocytic tumor, a rare entity. His 
postoperative course was uneventful, and he was discharged on the tenth 
postoperative day. 


Case 3 


A 62-year-old white man with a prior history of diverticular disease 
presented with a 12-hour history of severe left lower quadrant pain. His 
temperature was 37.7 C, and examination revealed left lower quadrant 
tenderness. Leukocyte count was 11.9 x 10? with 70 neutrophils and 26 
band cells. BE revealed diverticulosis with extravasation of contrast ma- 
terial from the proximal descending colon. CT showed an increased den- 
sity in the mesenteric fat surrounding the splenic flexure with thickened 
fascial planes with small air bubbles (Fig, 3). A perforated splenic flexure 
diverticulitis was discovered at exploration. Resection of the splenic flex- 
ure with primary anastomosis was performed, and, after an uneventful 
postoperative course, the patient was discharged on the tenth postop- 
erative day. 


Case 4 


A 75-year-old white woman presented with a 3-week history of malaise 
and abdominal pain. Although she had no prior history of diverticular 
disease, she had multiple medical problems, including metastatic breast 
carcinoma. She was febrile (39.3 C), with guarding in the left lower quad- 
rant. Leukocyte count was 15.7 X 10° with 25 neutrophils and 53 band 
cells. Abdominal CT showed an air fluid level in the lateral wall of the 
pelvis, edema of the mesentery, and a fluid collection tracking up the 
left psoas (Fig. 4). At exploration, a perforated sigmoid diverticulitis with 
abscess was noted. A sigmoid resection with creation of a Hartmann’s 
pouch was performed. The procedure was complicated by hemodynamic 
instability. The patient died on the first postoperative day after cardiac 
arrest and unsuccessful resuscitation. 
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FG. 2A. CT scan demonstrates cecal thickening (straight arrows) ex- 
tending to the terminal ileum (curved arrows). 


Discussion 


Plain films of the abdomen were the most frequently 
requested study in our series but were the least helpful 
diagnostically. Abnormal studies provided nonspecific 
information, except in two cases in which a left lower 
quadrant mass was visualized. In contrast to this, sig- 
moidoscopy was performed in only 10 patients, of which 
88% of the flexible studies were abnormal. Findings of a 
fixed segment with mucosal edema were common but 
also not specific for diverticulitis. 

The BE has traditionally been the study of choice in 
evaluating patients with the suspected diagnosis of diver- 
ticulitis. It is a relatively inexpensive, technically easy 
study that allows for evaluation of mucosal detail of the 
colon. Extravasation in the presence of diverticula 1s con- 
sidered pathognomonic of diverticulitis and was the most 
frequent finding in our patients (Table 5). However, be- 
cause many of the manifestations of diverticular disease 





Fic. 2B. More cephalad CT section demonstrates 3 cm nght renal mass 
{curved arrow). 
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Fig. 3. CT examination displays thickening of the colonic wall with two 
air-filled diverticula and pericolonic edema (straight arrow). Note the air 
fluid level in the adjacent abscess (curved arrow). 


are extraluminal, there is a tendency toward false-nega- 
tives. Nicholas reviewed 51 patients with diverticulitis who 
had preoperative BEs. In his report 14% were false-neg- 
ative examinations.’ This number concurs with our series. 
In addition, some authors feel that a BE 1s contraindicated 
in acute diverticulitis because of the risk of perforation.’ 

The advent of CT scanning has allowed for evaluation 
of extracolonic components of gastrointestinal disease. 
Acute diverticulitis may present with a wide spectrum of 
pathologic changes, including intramural thickening, 
mesenteric edema or abscess, pericolic abscess, phlegmon 
formation, and free peritoneal rupture. In addition, ex- 
cellent visualization of the colonic wall has enabled ra- 
diologists to define a normal range of wall thickness. 
Fischer, in reviewing 84 normal abdominal CTs, deter- 





SHARP 
Fic. 4. CT scan of the pelvis shows multiple air-filled diverticula in the 
rectosigmoid (curved arrow). Note the markedly enlarged left leo-psoas 
muscle (straight arrow). 
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mined normal colonic wall thickness never to exceed 3 
mm.'™!? The CT findings most frequently found in acute 
diverticulitis are a localized thickening of the bowel wall 
and an increased density in the pericolic fat. In our series, 
these were found in 67% and 53% of abnormal CT studies, 
respectively. 

Diverticular abscess was found in approximately one 
third of the abnormal CT scans. Although an abscess can 
be inferred from a BE by a mass effect, CT is clearly the 
optimal study in this regard. Recent series have shown 
CT to be 97% sensitive and 97% specific in detecting intra- 
abdominal abscesses. '? 

Other findings by CT in diverticulitis include pericclic 
soft tissue density (/.e., phlegmon) and gas in the sur- 
rounding tissue planes. 

On comparing CT to BE in acute diverticulitis, the fol- 
lowing advantages should be considered. The former is 
less painful and produces no risk of perforation. It allows 
for evaluation of the extracolonic manifestations of diver- 
ticular disease and can diagnose unexpected pathology 
(note Case 2). Disadvantages include an increased cost 
and the necessity for the examination to be interpreted 
by a radiologist with experience in abdominal CT. Also, 
colonic abnormalities are not specific for diverticular dis- 
ease. A thickened colonic wall can be due to inflammatory 
bowel disease, carcinoma, and lymphoma.® In addition, 
intra-abdominal abscesses are more often associated with 
postceliotomy patients and appendiceal disease than with 
diverticulitis. 

Although our sample is somewhat limited in size, a 
review of our recent experience with diverticulitis has en- 
abled us to conclude the following in regard to BE 
and CT: 


(1) Both BE and CT are effective in diagnosing diver- 
ticulitis. 

(2) CT scan can be performed during suspected acute 
diverticulitis without risk to the patient. However, dis- 
ruption ofa sealed perforation is a potential complication 
with BE performed during diverticulitis. 

(3) The role of CT as a primary mode of therapy for 
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diverticulitis is limited at this time. CT was used thera- 
peutically in two cases, both of which involved postop- 
erative drainage of abscesses. 

(4) The decision for exploration was most frequently 
dependent on clinical examination and never solely on 
the basis of the BE or CT. 

(5) The CT was requested more frequently than the 
BE at this institution during the study period. The CT 
scan has inherent weaknesses, as do all diagnostic studies, 
but its major benefit is the ability to identify both gross 
and subtle changes indicative of diverticular disease in a 
relatively noninvasive manner. Whether it will surpass 
the BE as the diagnostic study of choice or serve as a 
complimentary study remains to be determined. 
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INDICATIONS For the relief of moderate to severe pain. NUBAIN can also be 
used for preeperative analgesia, as a supplement fo surgical anesthesia, 
and for obstetrical analgesia during labor. 

CONTRAINDICATIONS NUBAIN should not be administered to patients who 
are hypersensitive to it. 
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animal reproductive studies have not revealed teratogenic or embryotoxic 
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injunes. Therefore, NUBAIN should be used in these circumstances only 
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doses of NUBAIN, Respiratory depression induced by NUBAIN can be re- 
versed by NARCAN® (naloxone hydrochloride) when indicated, NUBAIN 
should be administered with caution at low doses to patients with impaired 
resciration (e.g. from other medication, uremia, bronchial asthma, severe 
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As with all narcotic analgesics, NUBAIN should be used with caution in 
patients about to undergo surgery of the biliary tract since it may cause 
spasm of the sphincter ¢f Oddi. 
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_ Anorectal function was studied in 13 patients with carcinoma of 
— the rectum 6-12 cm from the anal verge, which was treated by 
low anterior resection (LAR), and in 13 age- and sex-matched 
control subjects. Patients were studied before and 3 and 12 
months after operation. Anal resting and squeeze pressures were 
the same in patients and control subjects ‘and were decreased 
only moderately after surgery, with a slight increase in maximum 
squeeze pressure 1? months after operation. Three of the patients 
had an inverse rectoanal reflex before operation, and two had 
no reflex at all. After operation, only two patients showed a 
normal rectoanal jnhibitory reflex, and none gained a normal 
reflex within 12 months after surgery. Rectal compliance was 
significantly reduced before operation, compared to control sub- 
. jects, and was still significantly lower 3 months after operation. 
After 12 months, however, rectal compliance had returned to 
preoperative level in all but two ‘patients with coloanal anasto- 
mols who still emptied the bowel 4-5 times daily. 


T IS GENERALLY accepted that carcinoma of the mid 
and even lower rectum may be treated by low an- 
terior resection (LAR) with colorectal or coloanal 
anastomosis. This treatment offers the same chance of 
cure as abdominoperineal resection (APR),'” but in most 
series a certain number of patients present with unsatis- 
factory anorectal function after operation, either: some 
degree of incontinence or an uncomfortably high fre- 


_ quency of bowel movements, although these disturbances 


seem to subside or diminish within the first year.** Since 
to our knowledge no systematic study of the changes in 
anorectal function following LAR has been performed, 
we have studied anorectal function in a group of patients 
with cancer in the mid and lower rectum before and 3 
and 12 months after LAR. 


Patients 
Thirteen patients with carcinoma of the rectum 5-15 
cm from the anal verge and 13 age- and sex-matched con- 
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trol subjects without anorectal complaints were studied. 
All patients were continent before operation. There were 
seven men and six women in each group, median age for 
both groups being 55 years (range: 46-72). Tumors were 
located from 6 to 12 cm from the anal verge and included 
one to three quarters of the circumference in 10 patients 
and the whole circumference in three. The extent varied 
from 4 to 10 cm. 

' The procedure was a standard low anterior resection 
with mobilization of the rectum to the pelvic floor and 
ligation of the inferior mesenteric vessels. Mobilization 
of the splenic flexure was done in eight cases. Anastomosis 
in 11 patients was done with the EEA stapler (U.S. Surgical 
Corp.) and two had a perianally handsewn coloanal anas- 
tomosis. 

The patients were ẹxamined before and 3 and 12 
months after the operation. On each occasion, the follow- 
ing parameters were studied: maximum resting anal pres- 
sure, maximum anal squeeze pressure, rectoanal reflex, 
and rectal compliance. ' 


Methods 
Anal Manometry 


Examinations were performed with the patient in the 
left lateral position; no bowel preparation was used. Pres- 
sure in the anal sphincter and rectum was measured with 
an open-tip, perfused system, consisting of three rigid, 
low compliance, polyvinyl cathethers with an outer di- 
ameter of 2 mm and an inner diameter of | mm. Every 
cathether ends in a steel cap with the same external and 
internal diameter and three sideholes radiating 120 de- 
grees. Each catheter was perfused with a flow-rate of 0.7 
ml/min through a water-filled strain-gauge connected to 
a four-channel ink recorder. The manometric system had 
a pressure rise rate (Ap/At) of 800 mmHg/sec. 
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TABLE 1. Anal Pressure Profile in Centrol Subjects and in Patients before and 3 and 12 Months after Operation. 


Length of Pressure Zone (mm) 


95% 


Confidence 
Median Limits Range Median 
Control 
subjects 34.3 (31.0-39.7) 26-41 65.0 
Patients 
Preop. 33.0 (25.4~38.3) 24-57 59.0 
3 months 
postop. 30.7 (24.3-38.0) 23~44 46.0 
12 months 
postop. 32.3 (25.0—47.0) 22-51 45.0 


An anal pressure profile was recorded. A probe con- 
sisting of the three catheters was placed in the rectum and 
withdrawn by constant speed (5 mm/sec), with the pres- 
sure being registered as described above. Three profiles 
were made and the mean zone was calculated. The length 
of the pressure zone was calculated as the distance from 
the start of pressure increase until pressure fell below 
baseline when the probe was withdrawn from the anus. 
Maximum resting pressure was defined as the highest 
pressure obtained with the subject relaxed, and maximum 
squeeze pressure as the highest pressure obtained during 
voluntary contraction of the anal sphincter. 

Following the profile measurement, a soft latex balloon 
(5 X 3 cm) connected to a stiff polyethylene catheter was 
inserted in the rectum 10 cm from the anal verge. The 
probe described earlier was placed so that one catheter 
was between the balloon and the rectal wall (registration 
of the rectal pressure), one in the high pressure zone of 
the anal sphincter, as calculated from the anal profile, and 
one as low as possible in the pressure zone. The catheters 
were strapped to each other and to the subject in order 
to prevent sliding. 

Rectoanal reflex and rectal compliance were studied 
by inflating the latex balloon with increments of 30 ml 
of air until the patient complained of discomfort. A rec- 
toanal reflex was defined as an alteration of anal pressure 


TABLE 2. The Rectosphincteric Reflex in Control Subjects and in 
Patients before and 3 and 12 Months after Operation 


Anal Sphincter Pressure 


No Not 
Decrease Increase Change Examined 
Control 
subjects 13 
Patients 
Preop. i 3 2 1 
3 months 
postop. 2 6 5 
12 months 
postop. 2 4 6 l 


Resting Pressure (mmHg) 


atipana: 





Squeeze Pressure (mmHg) 


95% 95% 
Confidence Confidence 
Limits Range Median Limits Range 
(48.0-8 1.4) 48-8 | 180.0 (120.0-240.0) 118-268 
(37.0-76.0) 25-89 163.0 (100.0-210.0) 87-313 
(28.0-68.0) 17-80 120.0 (94.0-210.0) 76-293 
(30.0-85.0) 20-104 140.5 (80.0~244.0) 40-260 


of 20% or more following balloon distension since alter- 
ations of less than 20% could not be distinguished from 
spontaneous pressure variations that occurred in some 
subjects. Rectal compliance was defined as maximal tol- 
erable volume divided by the increase in rectal pressure 
during inflation of the balloon. 

Statistical methods used were the Wilcoxon test for 
paired data and the Mann-Whitney test for unpaired data. 


Results 


There was no significant difference between control 
subjects and preoperative studies in patients with respect 
to length of pressure zone, maximum resting pressure, 
and maximum squeeze pressure (Table 1). 

There was a moderate but not significant decrease in 
maximum resting and squeeze pressure following surgery, 
with a tendency for maximum squeeze pressure to increase 
from 3 to 12 months after operation (p > 0.05) (Table 2). 
The length of the pressure zone was unaffected by the 
operation. Three months after operation all patients were 
continent and continued to be so. 

All control subjects had a rectoanal inhibitory reflex. 
Seven of the patients also had a normal inhibitory reflex, 
whereas before operation three patients had an inverse 


TABLE 3. Rectal Compliance in Control Subjects and in Patients 
before and 3 and 12 Months after Operation* 


95% 
Confidence 
Median Limits Range 
Control subjects 12.0 (8.7-22.8) 8.1~44.0 
Patients 
Preop. 9.8 (5.5-13.6) 3.8-30.0 
3 months 
postop. 4.1 (2.1-9.4 ) 1.2-15.0 
12 months 
postop. 8.3 (6.0-18.8) 5.0-24.0 


” Vv , ; 
* Compliance = Ap where v is the maximal tolerable volume and 


Ap is the increase in rectal pressure. 
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reflex with an increase in pressure, and two patients had 
no rectoanal reflex at all. In one patient the preoperative 
rectoanal reflex was not studied because of technical 
problems. The same applies to another patient 12 months 
> after operation. After surgery only two patients had a nor- 
mal rectoanal inhibitory reflex, and none gained a normal 
reflex from 3 to 12 months after operation. One patient 
who had an increase in anal pressure 3 months after op- 
eration changed to no reflex at 12 months. 

The patients had a significantly lower rectal compliance 
before operation than did control subjects (p < 0.05) (Ta- 
ble 3). Rectal compliance was significantly lower 3 months 
after than before the operation (p < 0.05) and correlated 
well with an increased frequency of bowel movements 
observed at this time (median: 4; range: 1-7). Twelve 
months after surgery compliance had almost returned to 
preoperative values, and the median number of bowel 
movements was two (1-5). Only two patients had more 


» than three bowel movements a day (4 and 5, respectively), 


and these patients also had the lowest registered compli- 
ance values at 12 months (5.0 and 6.0). 


Discussion 


It is well documented that anal resting pressure is one 
of several factors of importance in continence. In 20 pa- 
tients who had a sphincter-preserving rectal resection, 
Williams et al.” found a significant reduction in resting 
anal pressure compared with 20 normal subjects: six of 
these patients were incontinent for liquid stool. Since the 
patients, however, were not examined before operation, 
the degree to which the reduced resting anal pressure was 
due to surgery is uncertain. 

In our study the patients had a moderately lower resting 
pressure before operation than the control subjects, and 
the pressure was further reduced after surgery, although 
not significantly. The postoperative results in the patients 
- were significantly lower than in the control subjects, and 
it is noteworthy that resting pressure did not increase with 
the time after surgery. Resting pressure in our study could 
not be related to continence or frequency of bowel move- 
ments. It has been assumed that a normal rectoanal reflex 
is of importance for continence,” but, in contrast to the 
constant finding of a rectoanal inhibitory reflex in the 
control subjects, we found all variations of rectoanal re- 
flexes in the patients with rectal cancer. In five of the 
patients, these abnormal reflexes were present before as 
well as after operation. Only two patients had a normal 
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inhibitory reflex 1 year after LAR, while six patients had 
no reflex at all. The abnormal preoperative reflex in some 
of the patients is probably explained by the malignant 
process itself. The tumor may cause rigidity of the rectal 
wall so that pressure receptors, probably located in the 
pelvic floor muscles, are not stimulated, or the tumor may 
cause destruction of structures in the reflex arch. The out- 
come of rectoanal reflex examination could not be related 
to continence. Some authors have found a correlation 
between rectal compliance and bowel movements.®” This 
is consistent with findings in our study in which a decrease 
of rectal compliance in the first postoperative period was 
related to an increased frequency of bowel movements. 
After 12 months, compliance was nearly the same as be- 
fore operation, and by this time most patients had 1-2 
movements a day. 

In conclusion, LAR does not seem to be followed by 
reduction in maximum resting or maximum squeeze anal 
pressure to a degree that affects continence. The rectoanal 
inhibitory reflex will in a certain number of patients be- 
come abnormal, which does not seem to be of any sig- 
nificance for continence. Rectal compliance decreases 
significantly and is correlated to the frequency of bowel 
movements but does not affect continence, and in most 
patients compliance will increase to preoperative levels 
within a year after surgery. 


References 


1. Luke M, Kirkegaard P, Lendorf A, Christiansen J. Pelvic recurrence 
rate after abdominoperineal resection and low anterior resection 
for rectal cancer before and after introduction of the stapling 
technique. World J Surg 1983; 7:616-619. 

2. Nicholls RJ, et al. Total excision or restorative resection for carci- 
noma of the middle third of the rectum. Br J Surg 1979: 66:625- 
627. 

3. Keighley MRB, Mathersson D. Functional results of rectal excision 
and endo-anal anastomosis. Br J Surg 1980; 67:757-761. 

4. Kirkegaard P, Christiansen J, Hjortrup A. Anterior resection for 
mid-rectal cancer with the EEA-stapling instrument. Am J Surg 
1980; 140:313-314. 

5. Williams NS, Price R, Johnston D. The long-term effect of sphincter 
preserving operations for rectal carcinoma on function of the 
anal sphincter in man. Br J Surg 1980: 67:203-208. 

6. Cortesini C, et al. Anorectal reflex, following sphincter-saving op- 
erations. Dis Colon Rectum 1980; 23:320-326. 

7. Iwai N, et al. Physiologic status of the anorectum following sphincter- 
saving resection for carcinoma of the rectum. Dis Colon Rectum 
1982; 25:652-659. 

8. Suzuki H, et al. Anorectal pressure and rectal compliance after low 
anterior resection. Br J Surg 1980; 67:655-657. 

9. Heppell J, et al. Physiologic aspects of continence after colectomy, 
mucosal proctectomy and endorectal ileo-anal anastomosis. Ann 
Surg 1982; 195:435-443. 





Treatment of Primary Breast Cancer 
Without Mastectomy 


The Los Angeles Community Experience and Review of the Literature 





Medical Oncologists 

AVRUM Z. BLUMING, M.D. 
GARY DOSIK, M.D. 

BARRY LOWITZ, M.D. 
STEVEN NEWMAN, M.D. 
RONALD CITRONBAUM, M.D. 
BRUCE ZEITZ, M.D. 
CHARLES ROSENBAUM, M.D. 
STANLEY ROSSMAN, M.D. 


DOUGLAS MORROW, M.D. 
STANLEY COWEN, M.D. 
CLIFTCN PORTNOFF, M.D. 
ROBERT HARWOOD, M.D. 
NORMAN KOENIG, M.D. 
JASON GREEN, M.D. 
MARVIN CALMENSON, M.D. 
HUGH RAPHAEL, M.D. 
ALAN. POMERANTZ, M.D. 
NATHAN GITTLEMAN, M.D. 
LEONARD KOVNER, M.D. 


RONALD THOMPSON, M.D. 
STEPHEN GREENBERG, M.D. 
AARON FINGERHUT, M.D. 
HARVEY FREY, M.D. 
BERNARD LEWINSKY, M.D. 
NATHAN GREEN, M.D. 


Pathologists 
LESTER WINKLER, M.D. 
HERBERT SILLMAN, M.D. 


Surgeons ALAN BRICKLIN, M.D. 


MICHAEL DRICKMAN, M.D. 
DAVID SIEVERS, M.D. 
RICHARD MARKS, M.D. 
MARTIN SCHLESINGER, M.D. 


HARVEY KALAN, M.D. 
ROBERT BAUM, M.D. 


Radiation Therapists 


MARY LOU OZOHAN, M.D. 


ANAA AEA BC ti A AAA iA lpr PR A 


Between 1977 and 1983, 150 women with primary breast cancer, 
ranging in age from 26 to 84, were treated with a breast-sparing 
procedure involving lumpectomy, axillary node dissection, ex- 
ternal beam radiotherapy, and 192-iridium implant. Median fol- 
low-up to date is 46+ months, with a range of 14 to 96+ months. 
All surviving patients have been followed for a minimum of 24+ 
months. Actuarial disease-free survival projected to 8 years is 
79% for the entire group, 100% for the five roninfiltrating in- 
traductal cancer patients, 97% for the 71 Stage I patients, and 
68% for the 74 Stage H patients. Eighteen of the 150 patients 
(12%) have developed local recurrences thus far. Five (3%) have 
developed second, nonbreast, primary tumors. This community- 
based study, examined together with other published reports of 
similar procedures and compared to published results following 
mastectomy, helps confirm lumpectomy—radietherapy as a le- 
gitimate approach to the management of primary breast cancer. 


URING THE PAST 6 decades, a significant body of 

D data has been accumulated on breast-sparing 

treatment procedures for primary cancer of the 

breast. As early as 1927, Hirsch reported from Germany 

his experience with surgery limited to tumor extirpation 

followed by radium treatment.' Of 22 patients treated, 21 

(95%) were clinically well and symptom free at 3 vears, 

and 17 (78%) were living and well 6 to 13 years following 
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treatment. Since that time, over 10,000 patients have been 
similarly treated and reported in the medical literature 
(Table 1). These 42 studies were conducted in 12 different 
countries, including 18 in the United States, seven in 
England, seven in France, two in Canada, and one each 
in Chile, Finland, Germany, Israel, Italy, South Africa, 
Sweden, and Switzerland.'® In all these studies, including 
three that were prospectively randomized,'!*7** survival 
rates, even out to 30 years, were similar to those of patients 
treated with variations of the radical mastectomy. When 
the lumpectomy was performed as an excisional biopsy 
followed by an ipsilateral axillary node dissection and ad- 
equate radiotherapy (external beam radiotherapy to the 
affected breast in a dose of at least 4500 rads and either 
an iridium implant or an electron beam boost of 1500- 
2000 rads to the biopsy site), the disease-free survival rate 
was at least as good as that following a radical or modified 
radical mastectomy. In addition, the cosmetic result fol- 
lowing treatment that preserved the affected breast was 
judged good to excellent by 81-85% of the patients so 
treated. These conclusions are summarized in two recently 
published review articles.°!° 

Despite these data, accumulated over the past 58 years, 
only 7.2% of the approximately 110,000 women devel- 
oping breast cancer each year in this country are being 
treated with the lumpectomy-radiotherapy approach,®? « 
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Author Institution 
1. Hirsch Jewish Hospital, Berlin 
2. Keynes St. Bartholomew’s, London 
3. Pfahler Philadelphia 
4. Adair Memorial 
5. Guttman Columbia 
6. Porritt London 
7. Farrow Memorial 
8. Wise St. Helier, London 
9, Taylor London Hospital 
10. Mustakallio Helsinki 
ii. Atkins (Hayward) Guy’s Hospital 
12. Peters (Clark) Princess Margaret, Toronto 
13. Crile Cleveland Clinic 
14. Pierquin Henri Mondor, Creteil, France 
15. Cope (Chu) MGH, Boston 
16. Poisson St. Luc’s, Montreal 
17. Spitalier (Amalric) Cancer Institute, Marseille 
18. Calle Foundation Curie, Paris 
19, Montague M.D. Anderson, Houston 
20. Hellman (Harris) JCRT, Boston 
21. Prosnitz Yale 
22. Bolla Grenoble, France 
23. Syed LAC-USC 
24. Martinez Stanford 
25. Veronesi Milan 
26. Murrell Sussex, England 
27. Hunig Basel 
28. Baeza Chile 
29. Balawajder Mt. Sinai, N.Y. 
30. Maylin Hospital Necker, Paris 
31. Delozier Cedex, France 
32. Sarrazin (Clarke) Gustave—Roussy 
33. Cedermark Stockholm 
34. Bluming Los Angeles 
35. Osborne Royal Marsden 
36. Danoff University of Pennsylvania 
37. Hall Reno 
38. Crawford Ft. Wayne, Indiana 
39. Biran Jerusalem 
40. Browde Johannesburg 
41. Lichter (Findlay) NCI 
42. Fisher NSABP 
Total 


TABLE 1. Review of the Lumpectomy-Radiotherapy World Experience 


TREATMENT OF PRIMARY BREAST CANCER WITHOUT MASTECTOMY 


Number 
Years Reported Treated Reference 

1914-1927 22 1 
1924-1937 250 2,3 
1902-1932 53 4 

9m 1943 63 5 
1952-1963 Lil 6 
1952-1964 74 7 

9— 1971 48 8 
1950-1971 96 9 
1953-1971 76 10 
1941-1972 702 li 
1961-1983 304 12-14 
1939-1983 800 15,16 
1957-1973 53 17 
1961-1976 408 18,19 
1956-1984 146 20,21 
1969-1976 112 22 
1960-1983 2216 23,24 
1960--1983 606 25,26 
1955-1985 345 27-29 
1968, 1983 367 30-32 
1960-1983 179 33 
1970-1980 45 34 
1974-1980 30 35 
1975-1981 76 36,37 
1973-1981 352 38 
1971-1981 27 39 
1977-1983 105 40 
1976-1982 83 4] 
1962-1982 208 42 
1979-1983 250 43 
1973-1983 204 44 
1970-1985 436 45.47 
1977-1984 186 48 
1977~1985 150 49-5] 
1954-1984 263 52 
1979-1983 194 53 
1974-1984 26 54 
1978-1982 25 55 
1979-1984 40 56 
1980-1983 57 57 
1979-1985 86 58,59 
1976-1985 566 60 

10,440 
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and some acknowledged authorities on breast cancer 
management remain cautiously opposed to the establish- 
ment of this approach as a legitimate alternative to the 
radical or modified radical mastectomy. In a 1973 edi- 
torial, Haagenson called lumpectomy “‘a great leap back- 
ward” in the treatment of carcinoma of the breast.°* More 
recently, Urban, discussing the recently published Na- 
tional Surgical Adjuvant Breast Project (NSABP) study 
on lumpectomy during the ABC television show Night- 
line, stated: “[T]he results and conclusions from this study 
are premature. . . . [YJou really need 10-year follow-up 
to evaluate the effectiveness of a treatment regime for 
breast cancer. . . . [L]ocal recurrence is much higher 
[than for patients treated with mastectomy]... . 


y [SJurvival rate is much worse.” These conclusions are 


not supported by the available reported experience. This 
paper attempts to resolve such disagreements by reviewing 
all pertinent available literature and by determining 
whether the results of lumpectomy—radiotherapy reported 
from institution-based studies can be reproduced in a 
community-based study. 


Materials and Methods 


Between March 24, 1977, and March 24, 1983, all pa- 
tients with suspected or biopsy-proven cancer of the breast 
who consulted a participating surgeon, medical oncologist, 
or radiotherapist were offered the choice of either a mod- 
ified radical mastectomy or a four-part procedure includ- 
ing lumpectomy, axillary node dissection, external beam 
radiotherapy, and a 192-iridium implant. All patients 
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TABLE 2. Data Field Entries for Each Lumpectomy Patient 


1. Last name 23. Radiotherapy—external dose 
2. First name (tumor 1) 
3. Age 24. Radiotherapy— iridium dose 
4. Menstrual status (tumor 1) 
5. Site of primary tumor 25. Radiotherapy——external dose 
6. T stage (size of primary) (tumor 2) 
7. N stage (no. of nodes 26. Radiotherapy-—iridium dose 
positive)* (tumor 2) 
8. ERA (quantitated) 27. Chemotherapy (yes/no) 
9. PRA (quantitated) 28. Chemotherapy drugs used 
10. Date of first surgery 29. Complications (yes/no) 
11. Date last seen 30. Complication (specific type) 
12. Follow-up 31. Bra size (pretreatment) 
(in months) 32. Cosmesis (poor, fair, good, 
13. Local recurrence excellent) 
(yes/no) 33. Date of cosmetic evaluation 
14. Months to local 34. Ipsilateral breast edema 
recurrence (yes/no) 
15. Distant recurrence 35. Ipsilateral arm edema 
(yes/no) (yes/no) 
16. Months to distant 36. Second chance optiont 
recurrence 37. Second (nonbreast) primary 
17. Contralateral tumor (yes/no) 
(yes/no) 38. Months to second 
18. Date contralateral (nonbreast) primary 
surgery 39. Second primary type 
19. Surgeon 40. Died (yes/no) 
20. Radiotherapist 41, Date of death 
21. Oncologist 42. Survival (months)t¢ 
22. Hospital 43. Disease-free survival 
(months) 


44. Address, phone number 


* No. of nodes excised also recorded. 

t Lumpectomy or mastectomy if second chance were possible. 

t All time frames calculated from date of first surgery, 

ERA = estrogen receptor assay; PRA = progesterone receptor assay. 


electing the lumpectomy-radiotherapy alternative (ap- 
proximately 97%) were placed on study. Data collected 
on all patients are listed in Table 2 and were entered into 
a dBASE IlI (Ashton-Tate, Torrence, CA) file for data 
analysis. In addition, all patients underwent preoperative 
and follow-up chest roentgenography, xeromammogra- 
phy, bone scan, complete blood count, and measurement 
of SMA 12 and carcinoembryonic antigen levels. 


Surgery 


An excisional biopsy was performed on all patients but, 
as previously reported by Levene et al.,© no special em- 
phasis was given to “wide” excision since the presence or 
absence of microscopic tumor at the margins of resection 
does not appear to affect local control statistics." Axillary 
lymph node dissections extended to at least the lateral 
border of the pectoralis minor muscle (i.¢., a Level I dis- 
section). In most patients, a radical or Level III axillary 
node dissection was performed. 


Radiotherapy 


External beam radiotherapy was carried out with a 
megavoltage apparatus delivering weekly doses of 1000 


Ann. Surg. + August [986 


rad in five fractions directed through tangential opposed 
portals to the breast, chest wall, and internal mammary 
nodes. The ipsilateral supraclavicular lymph nodes were 
treated through an anterior portal. The axilla was omitted, 
as completely as possible, from the radiotherapy fields. - 
External beam irradiation doses to the treated areas ranged 
from 4500 rad, given in 4⁄2 weeks for patients scheduled 
to receive subsequent adjuvant chemotherapy, to 5000 
rad given in 5 weeks for the remaining patients. 

Two weeks after completion of external beam radio- 
therapy, 192-iridium seeds in flexible plastic tubes were 
implanted in the area of the primary lesion in patients 
with infiltrating carcinoma regardless of tumor margin 
appearance. Doses in the range of 1500-2000 rad (the 
latter for patients who had received only 4500 rad external 
beam) were delivered over 2-3 days. 


Chemotherapy 
Adjuvant chemotherapy, initiated after completion of 
radiotherapy, included the following regimens: 


l. AC: Adriamycin® 30 mg/M2 intravenously every 3 
weeks for a total of 8 doses. Cytoxan® 150 mg/M2 by 
mouth on days 3, 4, 5, and 6 of each 3-week course. 


TABLE 3. Characteristics of the Chemotherapy-treated Patients 


No. of Patients 


sorrento e 


Menstrual status 


Premenopausal 2i 
Perimenopausal 5 
Postmenopausal 24 
ERA/PRA 
+/+ 16 
+ f= 8 
f+ 6 
aa 17 
N.D. 3 
Indications for treatment: 
NI 33 
T2 or T3 8 
Hormone receptor assay negativity 
Regimen 
AC 34 
AC + T 9 
CMF 4 
CMF + T 3 
Number of positive nodes 
I 10 
2 9 
3 6 
5 J 
6 l 
7 l 
8 | 
10 l 
32 | 
Not enumerated 2 
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2. AC + T: Same as above with tamoxifen 10 to 20 mg 
by mouth twice daily for 1 year. 

3. CMF: 5-Fluorouracil® 500 mg intravenously (IV) 
weekly for at least 6 months. Methotrexate 25 mg IV 
weekly for at least 6 months. Cytoxan 100 to 200 mg 
by mouth daily for at least 6 months. 

4. CMF + T: Same as above with tamoxifen 10 to 20 mg 
by mouth twice daily for 1 year. 


Characteristics of the 50 chemotherapy-treated patients, 
including the indications for treatment and frequency for 
each of the above regimens, are listed in Table 3. 

The results of this study are compared to reported re- 
sults of mastectomy by evaluating both treatments with 
respect to the following parameters: 


. Overall survival rate 

. Disease-free survival rate 

. Local recurrence rate 

. Incidence of a contralateral breast cancer 

. Incidence of a second, nonbreast primary cancer 

. Effect of radiotherapy on dosage of chemotherapy 
. Cosmesis 

. Psychological adjustment following treatment 
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Results 


Between March 24, 1977, and March 24, 1983, 150 
patients were entered into the study. All surviving patients 
have been followed for a minimum of 2 years. Follow-up 
ranged to 8 years (96 months), with a median of 46 
months. Patient accrual over the initial 6-year period of 
this study is presented in Figure 1. 

Stage, by TNM classification, is related to menstrual 
status and ERA result in Table 4. There were 48 pre- 
menopausal women, 13 perimenopausal, and 89 post- 
menopausal. Analysis by stage is as follows: 


No. patients 


33 
32 
3} 
30 
29 
28 
27 
26 
25 
24 
23 
22 
2] 
20 
19 
18 
17 
15 
15 
H 
3 
12 
H 
10 

9 
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FIG. 1. Patient accrual. 


28 (primary lesion greater than 2 and up 
to 5 cm in maximum diameter) of whom 
10 were premenopausal, | perimenopausal, 
and 17 postmenopausal. 

3 (primary lesion greater than 5 cm) with 
1 patient in each of the 3 menstrual cate- 
gories. 

43 (any of the above primary lesicns but 
with ipsilateral axillary lymph nodes his- 
tologically involved by tumor) of whom 16 


TABLE 4. Menstrual Status, Stage, and Estrogen Receptor Assay Reactivity (+ or —) for 150 Study Patients 


TO: 5 (patients with intraductal carcinoma 
only; no microscopic evidence of infiltra- 
tion seen). 

TINOMO: 71 (primary lesion 2 cm or less in maxi- 
mum diameter) of whom 21 were pre- 
menopausal, 8 perimenopausal, and 42 
postmenopausal. 

TONOMO TINOMO 
+ ~ N.D. + ~ N.D. + 

Pre- 0 0 0 13 3 5 5 

Peri- l 0 0 4 2 2 0 

Post- 0 0 4 28 4 10 13 


+ = greater than 9 fmol/mg. 
— = equal to or less than 9 fmol/mg. 


TZ2NOMO T3NOQMO T1-3NiMO 
~ N.D + ~ N.D. + — N.D. 
5 0 0 l 0 li 2 3 
fl 0 l 0 0 2 0 0 
3 | l 0 0 19 4 2 
N.D. = not done. 
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FiG. 2A. Overall survival for all 150 patients. Died NED # died. 


were premenopausal, 2 perimenopausal, 
and 25 postmenopausal. Only | patient 
(postmenopausal) had a T3 primary in this 
group. 


ERA positivity was documented in 98 women (29 pre- 
menopausal, 8 perimenopausal, and 61 postmenopausal). 
ERA negativity was documented in 25 women (11 pre- 
menopausal, 3 perimenopausal, and 11 postmenopausal). 
Hormone receptor assays were not done in 27 cases (8 
premenopausal, 2 perimenopausal, and 17 postmeno- 
pausal). 


Overall Survival Rate 


Thirteen of the 150 patients have died from 14 to 79 
months after initial surgery. Four of these 13 died with 
no evidence of tumor at 17, 35, 53, and 79 months. Overall 
survival for the entire group is 85% at 8 years if the four 
patients who died without evidence of tumor, even at au- 
topsy, are not included as having died (Fig. 2A; also see 
Fig. 2B). 
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Disease-free Survival 


All patients. Median follow-up to date is 46+ months, 
with a range of 14-96+ months. All surviving patients 
have been followed for a minimum of 24+ months. Dis- 
ease-free survival is 79% at 8 years by Kaplan—Meyer ac- 
tuarial projection if, as in the recently published NSABP 
study,°° the nine patients placed back into remission by 
mastectomy for a local recurrence are not included as 
having relapsed (Fig. 3A; also see Fig. 3B). 


Disease-free Survival and Total Survival by Stage 


Stage G. Disease-free survival for the five Stage 0 
(TONOMO) patients is 100% followed for up to 68+ 
months to date. 

Stage I. Disease-free survival for the 71 Stage I (T1NO) 
patients is 97% at 8 years (Fig. 4A; also see Fig. 4B). 

Stage IT. Disease-free survival for the 70 Stage I (T1- 
2N1, T2N0Q) plus the four patients with T3 primary le- 
sions, one of whom was N1, is 68% at 8 years (Fig. 5A; 
also see Fig. 5B), Overall survival for this group is 78% 
(Fig. 6A; also see Fig. 6B). 
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Patients with Primary Tumors > 2 cm 


Disease-free survival for the 31 T2NO + T3N0 patients 

is 76% (Fig. 7A; also see Fig. 7B). Overall survival for this 
group is 83% (Fig. 8). All three T3NO patients are in con- 
tinuous complete remission from 34+ to 72+ months 
from initial surgery. 
-~ These figures of disease-free survival and overall sur- 
vival are listed in Table 5 and compared to the results 
generated if local recurrence were counted as recurrence 
and dying with no evidence of disease (NED) were counted 
as dying. 


Patients with Four or More Positive Nodes 


Six of the total 150 patients had four or more positive 
lymph nodes (5, 6, 7, 8, 10, and 32). One died at 16 months 
of metastatic tumor. The remaining five patients are living 
free of tumor from 24+ to 66+ months after initial sur- 
gery. Three of these remaining five patients have had sim- 
, ple mastectomies for local recurrence at 22, 31, and 52 

` months. 
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Local Recurrence Rate 


Eighteen of the 150 patients (12%) developed local re- 
currences from {2 to 66 months after initial surgery, with 
a median of 37 months to local recurrence thus far (Fig. 
9). Three of these patients had TINO lesions, five had 
T2N0 lesions, ‘seven had TINI lesions, and three had 
T2N1 lesions. Six of these patients have died, five with 
disseminated breast cancer, and one NED. The remaining 
12 (67%) are alive from 24+ to 96+ months after initial 
surgery. Eight are free of disease. 


Incidence of Contralateral Breast Cancer 


Thirteen patients (9%) developed cancer in the contra- 
lateral breast. In five of these patients, the cancers were 
diagnosed concurrently. Four of these five patients were 
treated with bilateral lumpectomy-radiotherapy; the fifth, 
a 76-year-old patient, was treated at her réquest with a 
contralateral simple mastectomy. The remaining eight 
patients developed a contralateral breast cancer 12-67 
months after initial diagnosis. One of these eight had a 
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Fic. 6A. Overall survival for the 74 Stage H (TIN1, T2-3NO-1) patients. 
Died NED # died. 


modified radical mastectomy; the rest were treated with 
contralateral lumpectomy—radiotherapy identical to the 
treatment they had received on the other side. One of 
these 13 patients, with a TIN1 tumor, died at 61 months 
of disseminated breast cancer. The remaining 12 patients 
are living with no evidence of recurrence from 40+ to 
96+ months after their initial surgery. 


Incidence of a Second, Nonbreast Primary Malignancy 


Eight to 68 months post-lumpectomy and radiotherapy, 
five patients (3%) have developed second primary tumors 
including mycosis fungoides, cancers of the thyroid, ovary, 
and lung, and malignant carcinoid. The latter three pa- 
tients had received AC chemotherapy in addition to the 
post-lumpectomy radiotherapy. All five were placed into 
complete remission of the second tumor with appropriate 
therapy. In a comparable group of 140 patients treated 
over this same period of time with mastectomy and with- 
out radiotherapy, three (2%) have developed second pri- 
mary tumors of the lung, tongue, and vagina. 
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Effect of Radiotherapy on Dosage of Adjuvant Chemo- 
therapy 


A total of 50 patients were treated with adjuvant che- 
motherapy. Forty-one of these patients (82%) received at 
least 85% of their calculated chemotherapeutic dose; 47 
(94%) received at least 74% of their calculated dose. Three 
of these 50 patients developed local recurrences only; five 
developed distant recurrences only; five developed both 
local and distant recurrences; and five from these latter 
two groups have died of disseminated disease. The disease- 
free survival rate for this group is 66% projected to 7 years 
(Table 5). 


Cosmesis 

Cosmetic appraisal information is not available on 32 
of the 150 patients, of whom 14 have either had a local 
recurrence or have died, and 18 have not yet been eval- 
uated for cosmetic end result. Of the remaining 118 pa- 


tients, the cosmetic end result was judged good to excellent — 
in 95 (81%). Only two of the 118 patients would have 
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elected a mastectomy in retrospect. No adverse effect on 
cosmésis wás identifiable in patients who received AC or 
CMF chemotherapy with or without tamoxifen. 


“Psychological Adjustment after Treatment 


= 


at 
— 


a 


The present study population was evaluated together 
with other breast cancer patients from a single oncology 
practice to analyze the effect of the surgical procedure on 
family relationships. Both the level of affectionate behav- 
ior and the frequency of sexual intercourse were more 
likely to have diminished after mastectomy than after 
lumpectomy (p = 0. 008).°* The type of surgery was also 
correldted with the patient’s rating of the quality of the 
relationship between the patient and her children. Im- 
proved relationships correlated with the less extensive 
surgery.®? 

Complications 

Two patients developed pericardial effusions 1! 
months and 11 months following completion of radio- 
therapy. One of these was a bloody effusion in a patient 
with Factor XI deficiency. Both were treated with surgical 
provision of a pericardial window; and both remain in 
continuous complete remission 47+ and 81+ thonths af- 
ter initial diagnosis. One patient developed painful fibrosis 
of the treated breast that required a simple miastectomy 
to relieve the discomfort. No résidual or recurrent tumor 
was identified in the resected breast, and she remains in 
contihuous complete remission 80+ months after her 
lumpectomy. No rib fractures; brachial plexus injury, or 
symptomatic radiation pneumonitis was éncountered in 
any patient in this study. 

Discussion _ 

During thé 6-year period from March 24,'1977, to 
March 24, 1983, we have treated 150 womeri with primary 
breast cancer with.a breast-sparing procedure involving 


lumpectomy, axillary node dissection, external béam ra- 
diotherapy, and 192-iridium implant in a community 
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Fic. 8. Overall survival for the 31 TINO + T3N0 patients. 


l setting: All surviving patients have been followed for a 


minimum of 2 years from initial surgery, with a median 
follow-up to date of 46+ months. 

Only five patients with noninvasive intraductal cancer 
(TONO) were evdluated in this study. All have remained 
in complete remission, with follow-up to 68+ months to 
date. The American College of Surgeons (ACS) has re- 
ported an 8% recurrence rate at 5 years among 270 patients 
with pure intraductal carcinoma treated with mastec- 
tomy.” In a recently published study of 40 patients with 
intraductal carcinoma treated with lumpectomy and ra- 
diotherapy and followed for up to 97 months, four re- 
currences were observed (10%), three of whom presented 
initially with a céntral lesion and a nipple discharge. 7 An 
NSABP study of 29 women with intraductal carcinoma, 
treated with lumpectomy and radiotherapy and followed 
for an average of 39 months, reported a 7% local recut- 
rence rate”? , while a study of 54 women with intraductal 
cancer, treated by Calle and his associates with tumorec- 
tomy and radiotherapy and followed for a median, of 55 
months (12-186 month range), reported a 4.8% recurrerice 
rate and a 95.3% actuarial 5-year disease free survival.” 
The increased: incidence of. local recurrence following 
lumpectomy and radiotherapy (23%), reported in patients 
with infiltrating ductal carcinoma who have moderate to 


TABLE 5. Disease-free Survival with and without Couriting Isolated Local Recurrence as Relapse; 
: Overall Survival with and without Counting Died NED as Died l 


Disease-free Survival Overall survival 
Locrecur. Died NED 
Stage # Recur Locrecur = Recur * Died Died = Died 
All (150). 19% 66% (9*) BBH 85% 67% (44) CBH 
TONO (5) 100% 100% 100% - 100% ° 
TINO (71) 97% 95% (2*) (4B4) 96% 93% (2t). 
T1-3N1, T2-3NO (74) 68% 50% (7*) (5B) 78% 50% (2t) (6Bf) 
T2-3N0 (31) 76% 50% (3*) (7Bt) 83% 83% (0) 
Chemotherapy (50) 66% 54% (3*) 65%. 


* Number of patients with local recurrence as only sign of relapse. 
+ Number of patients who died NED (with no evidence of disedse). 


65% (0) 


+ Relevant Figure. 
Locrecur = local recurrence; recur = recurrence. 
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marked intraductal carcinoma within the tumor and in 
tissue adjacent to the infiltrating tumor,’* is not apparent 
at this time in patients with pure intraductal carcinoma. 

The 97% actuarial disease-free survival in our study for 
71 pathologically staged T 1 NOMO (Stage I) patients com- 
pares favorably with the 79% figure reported by Fisher et 
al. for 354 Stage I patients treated by radical mastectomy 
and followed for an average of 35.7 months.’° This figure 
may also be compared to the 65.1% 5-year, disease-free 
survival rate for Stage I patients reported in a recently 
published national survey by the ACS” covering 24,136 
breast cancer patients collected from 498 hospitals in 47 
states. Our 97% figure also compares favorably with the 
90% actuarial disease-free survival at 5 years reported by 
Fisher et al. for 373 node negative patients treated by 
segmental resection and radiotherapy with a mean du- 
ration of follow-up of 39 months (range: 5 to 99). In this 
latter study, those patients who underwent breast removal 
for local recurrence were not classified as having had a 
treatment failure unless the tumor was so extensive that 
it could not be completely removed by mastectomy.®” We 
have presented our data using this convention but have 
presented the data alternatively as well, labeling all local 
recurrences as treatment failures (Table 4 and Figs. 2B, 
3B, 4B, 5B, 6B, and 7B). Using this latter approach, our 
Stage I patients had a 95% actuarial disease-free survival 
at 8 years. 

The 68% actuarial disease-free survival at 8 years for 
our 74 pathologic Stage H (+4 T3) patients is comparable 
to the 62% reported for 277 Stage II patients treated by 
radical mastectomy and followed for an average of 37.1 
months’* and is considerably better than the 35.5% dis- 
ease-free survival at 5 years reported by the ACS study.”° 
The projected 5-year disease-free survival of 98% for 193 
node-positive patients treated by segmental resection and 
radiotherapy recently reported by Fisher et al.® remains 
a puzzlingly exceptional statistic for which no explanation 
has been offered. 

Our local recurrence rate to date of 12% is comparable 
to the 9-18% reported after radical mastectomy”? and 
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to the 10-24% reported after radical modified mastec- 
tomy.’’*°-*? This comparison must be regarded as pre- 
liminary, however, since the previously reported statis- 
tic—that 75% of local recurrences following lumpectomy 
develop within 2 years*’*?*4—has been disproven. One 
recently reported series without iridium implantation 
presented a local recurrence rate of 12%, with 41% of 
local recurrences occurring between 5 and 10 years after 
treatment. A fairly constant local recurrence rate of ap- 
proximately 2% per year over the first 14 years after treat- 
ment has been reported in a joint retrospective study from 
the Joint Center for Radiation Therapy in Boston, the 
Princess Margaret Hospital in Toronto, the Marseilles 
Cancer Institute, and the Institute Curie in Paris.®° In a 
20-year follow-up study reported from the Royal Marsden 
Hospital in London, 50% of locoregional relapses occurred 
after 5-years.°° A median thus far of 37 months to local 
recurrence has been observed in the present study. Thus, 
considerably more time must elapse before the compa- 
rability of local recurrence rates after mastectomy and 
after lumpectomy plus radiotherapy can be adequately 
evaluated. 

The 67% survival projected to 8 years in our group of 
patients with local recurrences is comparable to the 70% 
10-year survival among similar patients previously re- 
ported after lumpectomy-radiotherapy®**’ and is in sharp 
contrast to the 20-40% 5-year survival reported in patients 
with local recurrence after mastectomy.*®?! Local recur- 
rence after mastectomy appears to carry a more ominous 
prognosis than local recurrence after lumpectomy—radio- 
therapy. 

Our 9% incidence of contralateral breast cancer is com- 
parable to the 9% reported after mastectomy” and to the 
2-7% reported after lumpectomy-radiotherapy.*4°°73.: 
With a follow-up of 40+ to 96+ months from initial sur- 
gery (median: 57 months), 12 of the 13 patients with bi- 
lateral breast cancer (92%) remain in continuous complete 
remission. No increased incidence of bilaterality or ad- 
verse effect on prognosis in this population is apparent 
when compared to comparably staged patients treated 
with mastectomy.” 

The 3% incidence of second, nonbreast, primary ma- 
lignancies observed in our study population 1s similar to 
the 2% incidence that we observed in a comparable pop- 
ulation of breast cancer patients treated with mastectomy 
and without radiotherapy. None of these second primary 
tumors developed within the irradiated fields, and all have 
been completely excised (except for the mycosis fungoides 
that was placed into complete remission using electron- 
beam radiotherapy) without evidence of recurrence to 
date. The theoretical risk of this late complication has 
been discussed in the literature.” Actual figures, which 
will come only from careful follow-up of treated patients, 
are required to estimate better the risk and prognostic 
import of this possible late complication. 

The dose of adjuvant chemotherapy required little or 
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no reduction in 94% of the 50 patients so treated following 
radiotherapy. This experience, with a majority of patients 
receiving AC chemotherapy, is in agreement with previ- 
ously reported studies employing a CMF regimen??? and 
with the National Cancer Institute (NCI) experience using 
the same AC regimen.” Although a recently published 
study from Stanford suggests that significant reduction 
was required in CMF dose following primary radiother- 
apy,'°° the prognostic import of that reduction is not yet 
apparent. 

A good to excellent cosmetic result was obtained in 
81% of patients evaluated, and only two of the 118 patients 
evaluated would have chosen mastectomy in retrospect. 
This result is comparable to the 70-86% reported from 
other series.^5?833.101-103 An adverse effect of adjuvant 
chemotherapy on cosmetic end result has been recently 
reported from the Joint Center for Radiation Therapy in 


a Boston'™ and from the University of Pennsylvania.'!°> No 


-such effect is apparent at this point in the present study. 

A better sexual adjustment and a better relationship 
with their children characterized patients’ attitudes in this 
study when compared to those of similar patients treated 
by mastectomy.®*°? This observation is in accord with 
already published studies of 47 patients from the NCI 
lumpectomy study!” and 21 patients from the Long Is- 
land Jewish—Hillside Medical Center,'°’ while a similar 
assessment of 15 patients from UCLA disclosed no effect 
of treatment on emotional or marital adjustment.' 

This study, performed entirely in a community setting 
by physicians in private practice, supports the available 
medical literature that concludes that lumpectomy, ax- 
illary node dissection, external beam radiotherapy, and 
either 192-iridium implantation or electron beam boost 
is an acceptable alternative to radical or modified radical 
mastectomy in the treatment of primary breast cancer. 
Some clinicians caution that this alternative approach 
must still be viewed as investigational. We all share the 
responsibility of offering our patients the most effective 
treatment available with the fewest possible short- and 
long-term side effects. This goal requires a constant, careful 
re-evaluation of our treatments and results as well as an 
open mind. Toward that end, everything we do should 
be regarded as investigational. 
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From 1977 to 1983, 94 patients with esophageal varices and 
gastrointestinal bleeding secondary to mansonic schistosomiasis 
were entered into a prospective randomized trial comparing the 
three operations mainly used in Brazil: esophagogastric devas- 
cularization associated with splenectomy (EGDS, 32 patients), 
classical splenorenal shunt (SRS, 32 patients), and distal sple- 
norenal shunt (DSRS, 30 patients). The randomization was in- 
terrupted because of a significant incidence of portosystemic en- 
cephalopathy (PSE) in the SRS group (26%), as compared to 
the DSRS (7%) and EGDS (0%) groups. The rate of rebleeding 
was the same in the three groups, but the rate of failure, as 
defined by the presence of technical problems, postoperative 
complications, or death, was significantly higher in the SRS 
group. This 2-year follow-up shows that SRS should be aban- 
doned in hepatosplenic schistosomiasis and that a comparison 
between DSRS and EGDS with a longer follow-up is urgently 
needed. 


N BRAZIL, the hepatosplenic form of mansonic schis- 
tosomiasis is responsible for a large number of bleed- 
ing esophageal varices. This complication is by far 

the most frequent cause of death in schistosomiasis.' For 
the surgical treatment of this condition, direct portocaval 
shunt is no longer used because it has been demonstrated 
that its causes portosystemic encephalopathy (PSE) in 
more than 50% of the cases.” On the other hand, spon- 
taneous PSE is rarely, if ever, observed in nonoperated 
patients with hepatosplenic schistosomiasis.* Further- 
more, the natural history of the disease shows that patients 
without bleeding episodes may have a long-term survival, 
frequently more than 20 years.” 

Mansonic schistosomiasis is therefore a good human 
model for the study of portal hypertension in the virtual 
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absence of parenchymal liver injury. Thus, any postop- 
erative change in the hepatic function basically could be 
attributed to the operation itself rather than to the un- 
derlying liver disease. 

Three operations are mainly used in our country for 
the treatment of portal hypertension due to schistosomi- 
asis®: esopagogastric devascularization associated with 
splenectomy (EGDS), classical splenorenal shunt (SRS), 
and distal splenorenal shunt (DSRS). No prospective 
studies comparing these operations have so far been per- 
formed in schistosomiasis.’ 

A few years ago Hassab, in Egypt, reported very good 
retrospective results for the treatment of bleeding varicose 
veins employing esophagogastric devascularization. 
However, his cases included patients with schistosomiasis 
as well as other liver diseases. Furthermore, the surgical 
indications were for emergency, elective, and prophylactic 
purposes.°"!° 

Our investigations started in 1977 to compare the 
above-mentioned operations in adult patients and in- 
volved the following variables: (a) operative and late mor- 
tality; (b) rebleeding varices; and (c) portosystemic en- 
cephalopathy. This paper will present the results of a 2- 
year follow-up study. 


Patients and Methods 
Patients Studied 
Patients with hepatosplenic schistosomiasis, a history 


of gastrointestinal bleeding, and esophageal varices dem- 
onstrated by endoscopy were considered for inclusion in 
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this study according to the following criteria: (1) 18 to 55 
years of age; (2) minimum interval between last hemor- 
rhage and operation, 15 days; (3) chemotherapy of schis- 
- tosomiasis before operation; (4) absent or easily control- 
lable ascites; and (5) absence of liver failure, cirrhosis, 
chronic alcoholism, diabetes, heart and renal failure, pep- 
tic ulcer, and angiographic evidence of portal thrombosis. 

The diagnosis of schistosomiasis was based on epide- 
miological, clinical, and parasitological findings and sub- 
sequently was confirmed at surgery, when a liver biopsy 
was performed. 

Only patients who agreed to be operated on were in- 
cluded in this investigation. For the following ethical rea- 
sons, a control, nonoperated group was not considered’: 
(1) bleeding from esophageal varices is by far the most 
frequent cause of death in schistosomiasis’; (2) mortality 
in nonoperated patients who rebleed or in those operated 
on during a bleeding episode varies from 20 to 30%7""'; 


N (3) patients frequently migrate to areas in the country 


where medical care is poor; and (4) it has been demon- 
strated that patients whose rebleeding was prevented by 
surgical treatment can survive for more than 20 years.’ 

Laboratory tests that were routinely performed before 
and after operation were: (a) in the blood-total, direct- 
and indirect-reacting bilirubin, aminotransferase (AST 
and ALT), gama-glutamyltransferase, alkaline phospha- 
tase, prothrombin time, serum protein electrophoresis, 
urea, and the surface antigen of the B viral hepatitis 
(HBsAg); (b) routine urine examination; and (c) parasi- 
tological examination of the stools by the method of Kato- 
Katz'? for the counting of schistosomal eggs. 

Patients considered for inclusion were submitted to su- 
perior mesenteric and celiac arteriograms and/or spleno- 
portography in order to study the patency of portal and 
splenic veins. 

Randomization in three groups, according to a table 
of random numbers, was applied to 94 patients.'> Each 
type of operation was always performed by the same sur- 
gical team, which had a wide experience in this field. Ran- 
domization was interrupted because of the significant 
number of patients with encephalopathy after splenorenal 
shunt. One patient allocated to the SRS group died during 
the induction of anesthesia and was dropped from the 
study. 


Types of Surgery 


One of three operations was performed’®: (1) esophago- 
gastric devascularization associated with splenectomy 
(EGDS); (2) classical splenorenal shunt (SRS); (3) distal 
splenorenal shunt (DSRS). 


Technical Aspects 


In all three operations, the abdominal cavity is opened 


* > by a large left paramedian incision. Care must be taken 
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to achieve a good hemostasis, and the abdominal cavity 
is never drained. 

Esophagogastric devascularization associated with 
splenectomy (EGDS). This isa relatively simple procedure, 
widely used in our country. The first surgical step is a lost 
hgature of the splenic artery near the body of the pancreas. 
Then, the splenectomy is done. The proximal stomach is 
devascularized from the incisura angularis up to the 
esophagus. The frenoesophageal membrane and vagal 
trunks are sectioned to allow for the mobilization of the 
terminal esophagus. The terminal esophagus (7-8 cm) 
and proximal stomach are sectioned with a longitudinal 
incision sectioning all layers on the anterior face. Each 
varicose trunk is sutured with chrome catgut and running 
stitches starting at the stomach and ending as high as pos- 
sible in the esophagus. Esophagus and stomach are closed 
in two planes with monofilament thread. The first plane 
involves all the layers, with knots placed in the lumen. 
The second plane is done with a running suture involving 
the esophageal layer and stomach seromuscular one. The 
next step is a 270 degree antireflux valve, in which the 
stomach fundus is anteriorly sutured to cover the esoph- 
agus and stomach incisions. The operation is completed 
by a pyloroplasty. The patient is maintained with a na- 
sogastric tube for 7 days, and total parenteral nutrition is 
given during this period. 

Classical splenorenal shunt (SRS). Through the infra- 
mesocolic approach, the inferior mesenteric vein is dis- 
sected to permit access to the splenic vein behind the body 
of the pancreas. The pancreatic branches of the splenic 
veins are ligated, and the splenic vein is dissected for about 
5-7 cm towards the splenic hilum. The left renal vein is 
undermined from the retroperitoneum for about 4 or 5 
cm. The adrenal and gonadal veins are ligated. After 
clamping, the splenic vein is sectioned close to the tail of 
the pancreas. The left renal vein is clamped with a Satinsky 
clamp, and a linear section is done on the cranial face of 
the renal vein. The anastomosis is done with a running 
suture on the posterior wall and with an interrupted one 
on the anterior wall. The patient is fed after normal bowel 
movements usually on the second or third postoper- 
ative day. 

Distal splenorenal shunt (DSRS). The first step is the 
opening of the gastrocolic epiploon so as to reach the 
epiploon retrocavity. The splenic artery is temporarily 
clamped close to the body of the pancreas. Next, the in- 
ferior border of the pancreas is carefully dissected to pro- 
vide access to the splenic vein, which is dissected up to 
the portal vein for about 8 cm. The portal vein behind 
the pancreas is dissected to supply an adequate length for 
placing a spoon vascular clamp and ligating the left gastric 
vein at its origin. The right gastroepiploic vein is ligated 
at its origin in the superior mesenteric vein. The left renal 
vein is dissected in the retroperitoneum, beginning at the 
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renal hilum. Both the gonadal and adrenal veins are li- 
gated. 

A running suture is done involving the retroperitoneal 
tissue located along the splenic, superior mesenteric, and 
renal veins. This suture is placed to ligate all lymphatic 
vessels sectioned during the renal vein dissection. A bed 
is formed on which the shunted splenic vein will be placed. 
After the portal and splenic veins are clamped adequately, 
the splenic vein is sectioned close to the portal vein. The 
opening on the portal side is closed with a running 5-0 
thread suture to create a perfect anatomic continuity be- 
tween the superior mesenteric and portal veins. The 
splenic and renal vein anastomosis should be done at a 
45 degree angle on the upper face of the renal vein. This 
situation usually corresponds to the adrenal vein that was 
ligated. The anastomosis is performed with a running su- 
ture on the posterior wall and an interrupted one on the 
anterior wall. The right gastric vein 1s ligated close to the 
duodenum and the umbilical vein close to the umbilical 
ligament. The patient is fed after normal bowel move- 
ments. 


Criteria of Evaluation 


To establish whether the three groups were comparable, 
the following variables were statistically analyzed: sex, age, 
presence and degree of bleeding, size of the liver and of 
the spleen, serum total (TB) and indirect-reacting bilir- 
rubinemia (IB), aspartate (AST) and alanine aminotrans- 
ferase (ALT), prothrombin time (PT) and serum 
albumin (SA). 

Although some of the 94 patients have already com- 
pleted the 5-year period of follow-up, those operated on 
in 1980 and 1981 have not yet completed their total fol- 
low-up time. In August 1983, the last patient admitted to 
the trial completed 2 years of follow-up, and therefore we 
decided to do the first statistical analysis including all the 
patients on their first 2 years of follow-up. 

The main complications considered for analysis were 
encephalopathy and recurrence of gastrointestinal bleed- 
ing. We have also analyzed a third criterion, that of general 
success or failure of the treatment. Success was considered 
if the patient was alive and without complications after 
the follow-up time. Failure was considered when: (1) death 
had occurred from either the disease or the treatment; (2) 
technical problems had not permitted the performance 
of the surgery as originally proposed; (3) the patient had 
developed one of the two major complications after sur- 
gery, namely encephalopathy or upper gastrointestinal 
bleeding. 

Portosystemic encephalopathy (PSE) characterized by 
steady or fluctuating neuropsychiatric symptoms was 
graduated as: (a) mild when easily controllable by the re- 
striction of protein, with or without neomycin; (b) mod- 
erate when the neuropsychiatric symptoms were more se- 
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vere, often recurrent but still clinically controllable; and 
(c) severe when PSE caused major disability and required 
hospitalization for control. 


Statistical Analysis *” 

For the comparison of quantitative variables, univariate 
and multivariate (Wilks statistic) analyses of variance were 
used to compare the three groups. A logarithmic trans- 
formation was used for some biochemical variables (see 
Table 3) in order to obtain a better approximation to the 
normal distribution. 

Qualitative variables such as sex, recurrence of bleeding 
encephalopathy, and success or failure of treatment were 
analyzed by standard frequency tables procedures (x? 
tests). 

All computations were performed with the SAS’? (Sta- 
tistical Analysis System) on an IBM/370-155 computer 
(Instituto de Pesquisas Energéticas e Nucleares, University 
of S. Paulo, Brazil). 


Follow-up 


Four patients were lost to follow-up during the period 
of 2 years, distributed in the three surgical groups (two 
for EGDS, one for PSRS, and one for DSRS). To treat 
the four censored data, we considered all the extreme pos- 
sibilities that could have occurred to them and studied 
the consequences of these conceptual outcomes. 

Four hypotheses were considered: 


Hypothesis A. Each event (PSE, recurrence of bleeding, 
or general failure) was analyzed without considering the 
four cases lost to follow-up. 

Hypothesis B. The same event was analyzed considering 
that none of the four cases have had the complication 
under study. 

Hypothesis C. The event was analyzed considering that 
all the four patients have had the complication. 

Hypothesis D. We have separated two groups, putting 
the absence of the complication exactly in the surgical 
group where its occurrence was most probable and con- 
sidering the other lost patients of the two other surgical 
groups as having the complication. 


Results 
Preoperative Comparison of the Three Surgical Groups 


Tables 1, 2, and 3 show the comparability of the three 
groups. They did not differ significantly with regard to 
age, sex, liver and spleen size, degree of bleeding and serum 
bilirubin, transaminases, albumin and prothrombin time. 


Technical Problems 


SRS group. In one patient, SRS could not be performed 
and an EGDS was carried out. This case was considered 
a failure. 
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TABLE 1. Clinical Data in the Three Surgical Groups 


, Sex (No., %) 
No. of Liver Size Spleen Size 
Group Patients Age F M (cm) (cm) 
SRS 32 30.72 + 8.88 9 (28.1) 23 (71.9) 4.97 + 3.15 9.78 + 5.03 
SGED 32 30,03 + 10.00 9 (28.1) 23 (71.9) 5.31 + 2.97 9.41 + 4.30 
DSRS 30 34.13 + 8.78 13 (43.3) 17 (56.7) 6.07 + 3.43 10.20 + 5.47 
p = 0.1829 p = 0.3435 p = 0.3875 p = 0.8197 


EGDS group. EGDS and spleriectomy could be per- 
formed in all randomized patients of this group. 

_DSRS group. DSRS could be performed in all patients. 
One patient rebled 17 months after the operation and was 
submitted to EGDS. Preoperative angiography had shown 
a thrombosis of the shunt. 


. Portosystemic Encephalopathy (PSE) 


SRS, EGDS, and DSRS groups showed the following 
incidence of PSE: 8/31 (25.8%), 0/30, and 2/29 (6.9%), 
respectively. As one, two, and one patients were lost to 
follow-up, the above-mentioned hypotheses A, B, C, and 
D were considered. For hypothesis A, B, and C a signif- 
icant difference among the three groups was observed 
(Table 4). For hypothesis D, a p = 0.0720 was observed. 

Encephalopathy became rapidly severe in four out of 
eight patients of the SRS group. On the other hand, EPS 
was slight and moderate in the two patients of the DSRS 
group. 


Recurrent Gastrointestinal Hemorrhage (RGIH) 


SRS, EGDS, and DSRS groups showed the following 
incidence of RGIH: 4/31 (12.9%), 4/30 (13.3%), and 
2/29 (6.9%), respectively. Considering the same four hy- 
potheses, no significant difference was found among the 


*. three groups (Table 4). 


Failure 


Failure, as previously defined, was observed in 15/31 
(48.4%), 4/30 (13.3%), and 5/29 (17.2%) patients from 
the groups SRS, EGDS, and DSRS, respectively. Consid- 
ering the same four hypoth a significant difference 
was observed among the three groups. Statistical analysis 
' showed that the SRS group differed significantly from the 
other groups (Table 4). 


Mortality 
Only two deaths were observed in the studied patients, 
and both belonged to the SRS group. 
Discussion 


This randomized trial showed two main results: (1) the 
classical (proximal) SRS imposes a high risk of enceph- 


alopathy.'© This complication was significantly less fre- 
quent after the selective shunt (DSDR) and was not seen 
after splenectomy with esophagogastric devascularization 
(EGDS); and (2) rebleeding can be observed with equal 
frequency after the three types of operation when a follow- 
up period of 2 years is considered. 

The significantly greater incidence of encephalopathy 


-= was not statistically detected in the SRS group in one 
' hypothesis only, the SRS patient lost to follow-up being 


considered as not having the complication and all three 
patients of the other two groups (two from the EGDS and 
one from the DSRS group) being considered as having 
encephalopathy. This possibility, however, is extremely 
unlikely, as encephalopathy is rarely, if ever, seen after 
EGDS.*° . 

In liver cirrhosis, the inciderice of PSE after portal de- 
compression and after DSDR has been similar according 
to some authors!’~!? and significantly. different -according 
to others. !®°-*4 It must be emphasized, however, that in- 
terposition graft for portal decompression was used in a 
large number of patients in some trials. !7”! It is well known 
that such grafts tend to thrombose,°4 and therefore the 
decompressive effect may be jeopardized. It is also possible 
that such discrepant results may be due to different etiol- 
ogies of cirrhosis, especially con¢erning alcoholism. 

Zeppa, Hutson, Levi, and Livingstone” emphasize that 
such operations should be compared in nonalcoholic pa- 
tients where DSRS produces less encephalopathy than 
portal decompression, whereas in alcoholics such differ- 
ences may not be detected. Whatever the cause, however, 
it is hard to evaluate the importance of hepatocellular 
failure and of progressive liver injury in each case. 

Hepatosplenic schistosomiasis is characterized by 
marked circulatory changes and consequent portal hy- 


TABLE 2. Degree of Preoperative Bleeding 


in the Three Surgical Groups 
Group Slight Moderate Severe Total 
SRS 4 (12.5%) 11 (34.4%) 17 (53.1%) 32 (100.0%) 
SGED 2 (6.3%) 13 (40.6%) 17 (53.1%) 32 (100.0%). 
DSRS 5 (16.7%) 10 (33.3%) 15 (50.0%) 30 (100.0%) 
= 1.77. 
p = 0.7777. 
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TABLE 3. Biochemical Data in the Three Surgical Groups 
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Limits 
Average + SD Max Min 
0.92 + O41 0.25 1.53 
0.86 + 0.33 0.50 1.70 
0.97 + 0.63 0.21 2.63 
0.37 + 0.26 0.08 1.10 
0.28 +0.19 0.02 1,00 
0.32 + 0.19 0.00 0.80 
35.31 + 38.25 3.00 186.00 
44.56 + 36.58 8.00 182.00 
38.93 + 27.72 9.00 108.00 
30.72 + 25.77 5.00 145.00 
37.00 + 29,99 7.00 122.00 
36.11 + 27.40 4.00 107.00 
73.84 + 13.52 38.00 100.00 
74.09 + 16.70 33.00 100.00 
78.33 + 19.39 33.00 100.00 
3.76 + 0.59 2.32 4.52 
3.73 + 0.49 2.96 5.12 
3.67 + 0.61 2.30 4.80 


No. of 
Variables Groups Patients n 
TB (mg “%)* PSRS 32 
SGED 32 
DSRS 28 
IB (mg %)* PSRS 32 
SGED 32 
DSRS 28 
AST (IU/L)* PSRS 32 
SGED 32 
DSRS 28 
ALT (U/L} PSRS 32 
SGED 32 
DSRS 28 
PT (%)t PSRS a2 
SGED 32 
DSRS 30 
SA (mg % Jt PSRS 32 
SGED 32 
DSRS 30 


erp arnimmuara undara A Herbed ttt aan 


* Fg im, = 0.98: p = 0.4548 (after logarithmic transformation). 
+ Foon co 0.70: p= 0.4974, 


pertension in the absence of significant alterations in liver 
function. Thus, it offers an opportunity to discriminate 
the effects of each operation.”° Furthermore, an important 
characteristic of schistosomotic fibrosis is 1ts tendency to 
be nonprogressive in some patients submitted to antis- 
chistosomal chemotherapy and living in nonendemic 
areas. This might explain the significant number of pa- 
tients followed up for more than 20 years in a nonendemic 
area such as São Paulo City and without signs of pro- 
gressive liver disease (unpublished data). The same results 
were obtained in a long-term follow-up study in patients 
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$ Fasy = 0.22; p = 0.8048. 
For abbreviations, see Methods. 


submitted to EGDS in an endemic area. The uniformity 
of the schistosomotic process minimizes the large number 
of variables inherent in the cirrhotic population. and 
for that matter postoperative changes can be confidently 
attributed to circulatory and hemodynamic alterations 
yielded by the surgical procedure. 

In contrast with blood ammonia levels in cirrhotic pa- 
tients, those in schistosomotic patients after a hematemesis 
are either normal or only slightly raised. After a portacaval 
shunt, however, liver function tests and ammonia toler- 
ance become abnormal, and a large proportion of these 


TABLE 4. Chi-Square Values for A. B, C, and D Hypotheses (See Text) 


An a aa 


Encephalopathy* 


Digestive Bleeding 


* x? tests the hypothesis of homogeneity among the three groups. 
xj tests the hypothesis that groups EGDS and DSRS differ from 


Hypothesis 


A 


Chi-Square 


XO RRR KR ARR 


Success or Failure 
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0.0040 
0.0057 
0.7009 


0.0036 
0.0052 
0.696 | 
0.0322 
0.0350 
0.9177 


0.0720 


—— 
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Chi-Square p Chi-Square p 
0.7724 0.6796 x? = 11.52 0.0031 
—- — xi = 11.45 0.0033 
os on Xira OZ 0.9443 

0.6938 x? = 11.77 0.0028 

hii eae x? = $1.63 0.0030 

= St x3= 0.14 0.9307 

= 0,96 0.6201 x? = 9.49 0.0087 

as es xi = 948 0.0087 

x3= 0.01 0.9942 

0.3627 x? = 7.82 0.0200 

— = xj = 7.80 0.0202 

oe x3= 0.01 0.9946 
group SRS. 


x3 tests the hypothesis of equality between groups EGDS and DSRS. 
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individuals develop sock: PSE.” Thus, in schistosomi- 


asis, PSE would be due to the surgical shunts and not to 


natural collateral circulation or to the malfunctioning in- 
jured hepatic parenchyma. 

The present trial shows that portal decompression 
through splenorenal shunt produces PSE in a large num- 
ber of cases and that after DSRS encephalopathy is sig- 
nificantly less frequent. Since right-to-side collateral cir- 
culation is observed by angiography soon after DSRS,’ 
we may speculate that this circulation would be less prone 
to produce PSE in schistosomiasis. 

In conclusion, our data show not only that DSRS is 
superior but that SRS should be abandoned in hepato- 
splenic schistosomiasis. On the other hand, a comparison 
between DSRS and EGDS with more patients and a longer 
follow-up is urgently needed. 
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From 1980 through 1982, intravenous extracranial digital sub- 
traction angiography (DSA) was performed in 6684 patients at 
the Cleveland Clinic. Of these, 211 previously unoperated pa- 
tients had prior transient ischemic attacks (TIA) or strokes in 
conjunction with >50% carotid stenosis on unequivocal DSA 
studies. Nonoperative management was employed in 126 patients, 
including 120 (84%) who received antiplatelet therapy or formal 
anticoagulation, The remaining 85 patients underwent carotid 
endarterectomy. During a mean follow-up interval of 36 months, 
there was no overall difference in survival, late TLA, or stroke 
between the nonoperated and surgical cohorts. However, parity 
was maintained in these groups only because of the prevalence 
of intermediate (50-69%) stenotic lesions and stable internal 
carotid occlusions in the nonoperated group. Carotid endarter- 
ectomy provided superior stroke prevention for patients with 
>70% unilateral stenosis (p = 0.04), for those with >50% bi- 
lateral stenosis (p = 0.004), and for those with internal carotid 
occlusions associated with >50% contralateral stenosis (p 
= 0.03). The special risk of such discrete subsets should be rec- 
ognized in order to plan appropriate treatment at the present 
time, as well as to conduct safe clinical trials in the future. 


AROTID ENDARTERECTOMY was first performed 
over 3 decades ago, but there still seems to be no 
universal consensus whether patients with tran- 

sient ischemic attacks (TIA) or mild, completed strokes 
caused by appropriate atherosclerotic lesions in the carotid 
bifurcation should receive either surgical or medical 
treatment. For a number of reasons, it is difficult to rec- 
oncile this controversy using much of the information 
that already is available in the literature. First, most reports 
describing the results of surgical or nonoperative man- 
agement have not provided control groups of symptomatic 
patients who were treated otherwise. With an occasional 
exception, the severity of carotid disease under medical 
therapy has rarely been documented by angiography.! In 
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addition, life table calculations have not been employed 
with sufficient consistency to allow an objective compar- 
ison of the late stroke incidence in surgical and medical 
series. Finally, studies attempting to meet at least some 
of these requirements have cited excessive or curiously 
outdated postoperative complication rates as a pivotal li- 
ability to surgical treatment.” 

Despite speculation concerning its effectiveness, how- 
ever, carotid endarterectomy has become one of the most 
common peripheral vascular operations in the United 
States. Although precise figures are difficult to obtain, Dy- 
ken and Pokras* estimated that the annual number of 
extracranial arterial procedures in this country increased 
from 15,000 in 1971 to 85,000 in 1982. Employing a dif- 
ferent data base, Rutkow and Ernst*® found that carotid 
endarterectomy was the most frequent major vascular 
operation performed from 1979 through 1983 and that 
its use escalated by 76% during the same period, a rate of 
change that was exceeded only by aortic aneurysm resec- 
tion. Neurologists in particular have expressed serious 
reservations concerning the indications and safety of ca- 
rotid endarterectomy on the scale on which it presently 
is practiced, and influential members of this specialty in 
North America and the United Kingdom have Suggested 
that the merit of surgical treatment can only be established 
on the basis of prospectively randomized, multicentered 
trials.”* In a similar study sponsored by the National In- 
stitutes of Health, medical treatment recently was found 
to be equivalent to intracranial bypass for the prevention 
of further cerebral ischemia among patients with carotid 
siphon disease.”:'° These results were published in a pres- 
tigious medical journal and were widely reported 
throughout the lay press within 2 months of their disclo- 
sure to the participating centers. Such data may substan- 
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tially influence public policy during an era of cost con- 
tainment in health care, and intracranial revascularization 
probably will not continue to be a realistic option even 
for selected patients at most hospitals. 

Considering the uncertain natural history of symptom- 
atic extracranial disease, the volume of cervical carotid 
operations currently performed, and the publicized con- 
clusions of the intracranial bypass study, a large multi- 
centered trial of carotid endarterectomy and antiplatelet 
management for bifurcation lesions is inevitable. While 
this approach may eventually benefit the general public 
and its health care resources, any proposed study should 
follow at least three fundamental guidelines: (1) the extent 
and severity of all extracranial carotid lesions must be 
adequately documented on entry; (2) late results must not 
be prejudiced by an unacceptable incidence of perioper- 
ative complications; and (3) subsets of patients at special 


_ risk for late stroke must be recognized so that their out- 


come is not obscured within the overall results. The im- 
portance of these principles is underscored by the follow- 
ing report of 211 neurologically symptomatic patients who 
received either carotid endarterectomy or contemporary 
medical therapy after carotid stenosis exceeding 50% of 
lumen diameter had been documented by intravenous 
digital subtraction angiography (DSA) of unassailable 
quality. The information comprising this report was in- 
dependently collected and evaluated well before the results 
of the multicentered trial of intracranial bypass were re- 
leased. Nevertheless, the conclusions supported by our 
data now seem even more timely. 


Patient Information 


From 1980 to 1982, the Cleveland Clinic maintained 
the first, if not the only, DSA unit in northeastern Ohio. 
During this interval, 6684 patients underwent intravenous 
extracranial DSA examinations, and many then returned 
to their referring physicians for subsequent management. 
For the purpose of this report, all of these DSA studies 
were personally reviewed in order to determine the inci- 
dence of subsequent TIA and stroke associated with either 
surgical or medical treatment. Complete follow-up data 
were obtained from patients, their surviving family mem- 
bers, or physicians for all candidates who had experienced 
previous neurologic symptoms and met the following re- 
quirements: 


(1) The extracranial DSA was unequivocally diagnostic 
and demonstrated >50% stenosis of one or both common 
carotid or internal carotid arteries. 

(2) There was no history of prior cerebrovascular op- 
erations. 

(3) Any carotid endarterectomy following the DSA ex- 
amination was performed by one of the authors. Patients 
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who required simultaneous carotid reconstruction and 
coronary bypass were excluded. 

(4) Complete late information was available (none lost 
to follow-up). 


No DSA was accepted unless it demonstrated both ex- 
tracranial carotid systems clearly enough to be comparable 
to standard angiography (Fig. 1).!! Under these strict cri- 
teria, a total of 211 patients qualified for the study, in- 
cluding 126 who received nonoperative management fol- 
lowing their DSA examinations and 85 others who un- ` 
derwent carotid endarterectomy. While this investigation 
is neither prospective nor randomized in the traditional 
sense, late information was obtained for all patients who 
satisfied the entrance requirements, and their treatment 
was as random as the advice of the many family practi- 
tioners, internists, neurologists, and surgeons who were 
responsible for it. 


Clinical Features 


A summary of several clinical features is presented in 
Table 1. The two cohorts comprised a total of 134 men 
(64%) and 77 women (36%), ranging from 18 to 86 years 
of age (mean: 64 years), Previous neurologic symptoms 
included focal TIA in 94 patients (45%), prior strokes in 
107 (51%), and vertebrobasilar syndrome in ten (4%). Of 
the 94 patients with transient, lateralizing symptoms, 61 
(65%) had experienced hemispheric motor or sensory def- 
icits, while the remaining 33 (35%) described amaurosis 
fugax alone. Hypertension requiring medical management 
was present in 149 patients (71%), and 37 patients (18%) 
were insulin-dependent diabetics. The follow-up interval 
for all 211 patients presently is 2-55 months (mean: 36 
months). 

Two differences in the composition of the treatment 
groups could be identified by statistical analysis. A greater 
majority (72%) of the surgical cohort were men (p = 0.028, 
Fisher exact test), and prior strokes were more prevalent 
(65%) among patients who received nonoperative treat- 
ment (p = 3.8 X 107’). 


Angiographic Carotid Disease 


The severity of extracranial carotid disease demon- 
strated by DSA is described in Table 2. Irrespective of the 
source of previous neurologic symptoms, the maximum 
degree of angiographic stenosis was 50-69% of lumen di- 
ameter in 59 (28%) of all 211 patients and exceeded 70% 
of the diameter in 73 others (35%). Complete occlusion 
of the common carotid or internal carotid artery’ was 
demonstrated in a total of 79 patients (37%). Conceding 
the fact that intimal erosion often may escape detection 
by intravenous DSA, unilateral atheromatous ulceration 
was identified in 58 patients (27%), and bilateral changes 
were discovered in another seven (3%). 


Ann, Surg. « August 1986 
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Fic. 1. Examples of the quality of intravenous digital subtraction an- 
giography required for this study: (4) 50-60% stenosis (arrow) of the left 
internal carotic artery; (B) 90% stenosis (arrow) of the right internal 
carotid; (C) ceclusions of the right internal carotid (curved arrow) and 
the left external carotid (straight arrow). 
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Two distinctions may be noted between the angio- 
graphic findings in the nonoperated and surgical groups. 
More patients receiving nonoperative therapy (49%) had 
_ internal carotid occlusions (p = 1.1 X 107°), whereas high- 
grade stenotic lesions were more common (53%) 
among those who underwent carotid endarterectomy 
(p = 7.5 X 10°). 


Management 


In the nonoperated group, previous neurologic symp- 
toms were associated with patent vessels and appropriate 
extracranial carotid stenosis or ulceration in 67 patients 
(53%) and with documented internal carotid occlusions 
in 53 (42%). The remaining six patients (5%) had no ob- 
vious angiographic lesions. One hundred (79%) of the 126 
patients were prescribed and complied with antiplatelet 
therapy (aspirin and/or dipyridamole), and six others (5%) 
received formal anticoagulation with Coumadin®. A sub- 
set of 20 patients (16%) had no specific medical treatment 
during the follow-up interval after their DSA studies. 

In the surgical group, previous symptoms could be at- 
tributed directly to patent but diseased extracranial carotid 
arteries in 76 patients (89%), while another nine (11%) 
were found to have internal carotid occlusions corre- 
sponding to the side of prior TIA or strokes. Including 
nine contralateral procedures in the subset with internal 
carotid occlusions, a total of 97 carotid endarterectomies 
(12 bilateral) were performed in the 85 patients who un- 
derwent surgical treatment. In addition, empiric medical 
management was continued throughout the follow-up 
period with the use of antiplatelet agents in 74 patients 
(87%) and with Coumadin anticoagulation in three (4%). 


Results 
Surgical Complications 


There were no early deaths in the surgical group, but 
one (1.2%) of the 85 patients experienced an operative 
stroke, which is included in all life table results of surgical 
treatment in this report. In comparison, nine iatrogenic 
strokes (2.2%) occurred following a total of 406 carotid 
endarterectomies that the authors performed in patients 
with previous neurologic symptoms during the complete 
study period of 1980-1982 (unpublished data). 


Late Survival 


Twenty-two (18%) of the patients in the nonoperated 
group and 20 (24%) of the surgical patients have died 
within a mean follow-up interval of 36 months. Late 
mortality was attributed to cardiac events in 26 patients 
(62%), to cancer in five (12%), and to all other causes in 
11 (26%). Only one patient (1%) in each treatment group 


g . sustained a fatal stroke. Life table data were calculated 
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TABLE 1. Comparison of Clinical Features between the 
Nonoperated and Surgical Groups 








Carotid 
No operation Endarterectomy 
Clinical Features No. % No. % 
Patients 126 100 86 100 
Men 73 58 61 72 
Women 53 42 24 28 
Age 
Range 18-86 50-86 
Mean 63 66 
Previous 
symptoms 
Focal TIA 36 29 58 68 
Prior stroke 82 65 25 29 
Vertebrobasilar g 6 2 3 
Risk factors 
Hypertension 
Diabetes 92 73 57 67 
mellitus 25 20 12 14 
Follow-up interval 
(mos.) 
Range 2-55 2-54 
Mean 36 36 


TIA = transient ischemic attacks. 


according to Cutler and Ederer!? and were analyzed for 
statistical significance using the method described by Lee 
and Desu.'? Figure 2 depicts actuarial survival for the 
entire series, as well as for subsets of patients who had 
either previous TIA or prior strokes. There was no sig- 
nificant difference in survival between the nonoperated 
and surgical groups throughout the 4-5 years comprising 
the study period (p = 0.38). 

Clinical indications of associated coronary artery dis- 
ease (CAD) appeared to influence late survival to a greater 
extent than did the neurologic status. Of the 211 patients 


TABLE 2. Maximum Degree of Extracranial Carotid Disease Dem- 
onstrated by Intravenous Digital Subtraction Angiography 
in the Nonoperated and Surgical Groups 


Carotid 
No Operation Endarterectomy 
(N = 126) (N = 85) 
Angiographic gee ee 
Carotid Disease No. % No. % 
Stenosis 
50-69% 36 29 23 27 
> 70% 28 22 45 53 
Occlusion 62 49 17 20 
Intimal ulceration 
None 88 70 58 68 
Unilateral 33 26 25 29 


Bilateral 5 4 2 3 
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Fic. 2. Life table survival for all patients and for symptomatic subsets. 
(Numbers in parentheses indicate patients who are still eligible for con- 
sideration.) 


in this investigation, 70 had no evidence of CAD either 
by history or by electrocardiographic findings. Another 
85 patients were suspected to have CAD by these criteria, 
and 56 others have at some time required myocardial 
revascularization. Cumulative 5-year survival for these 
three subsets was 90%, 69%, and 88% among the the 126 
patients who received nonoperative management of their 
extracranial lesions, compared to cumulative figures of 
78%, 50%, and 92% for the 85 patients who underwent 
carotid endarterectomy. In the surgical group, 5-year sur- 
vival for patients who had incidental coronary bypass 
(92%) was significantly better (p = 0.002) than for those 
with suspected but uncorrected CAD (50%). 


Neurologic Events 


Crude incidence. During identical periods of observa- 
tion, late neurologic events thus far have occurred in 15% 
of the 126 patients in the nonoperated group (9 TIA, 10 
strokes) and in 14% of the 85 patients who underwent 
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carotid endarterectomy (6 TIA, 6 strokes). All events were 
associated with hemispheric motor and/or sensory deficits 
or with monocular retinal ischemia. As indicated in Table 
3, the overall incidence of late stroke was comparable in 
the two treatment groups. While the surgical cohort con- 
tained too few women and diabetics for adequate com- 
parisons, none of the slight differences achieved statistical 
significance (p > 0.22). In the nonoperated group, 9% of 
patients for whom antiplatelet agents were prescribed have 
had subsequent TIA, and another 10% have sustained 
late strokes. No neurologic events have occurred in smaller 
subsets of patients receiving either Coumadin anticoag- 
ulation or no treatment at all. 

Cumulative data. Figure 3 illustrates cumulative free- 
dom from all subsequent neurologic events (TIA and 
strokes) and the total incidence of late stroke in the non- 
operated and surgical groups. Irrespective of previous 
symptoms, there were only minor differences in overall 
complication rates, and none of these approached statis- 
tical significance. At least two observations may be made 
from these data. First, any perceived benefit of carotid 
endarterectomy would have been seriously compromised 
if more than one (1.2%) of the 85 surgical patients had 
sustained operative strokes. Secondly, parity in the out- 
come of nonoperative and surgical treatment (Fig. 3) re- 
flects the clinical presentation rather than an objective 
documentation of the distribution and severity of extra- 


TABLE 3. Comparison of the Crude Incidence of Late Stroke Occurring 
in the Nonoperated and Surgical Groups 


Carotid 
No Operation Endarterectomy 
(N = 126) (N = 85) 
Late Stroke No. % No. % 
Total 10 8 6 7 
Men 6 8 2 3 
Women 4 & 4 17 
Age 
Range 53-80 58-81 
Mean 64 70 
Previous 
symptoms 
Focal TIA 2 6 5 9 
Prior stroke 7 9 f 4 
Vertebrobasilar l 12 0 — 
Risk Factors 
Hypertension 
Diabetes 9 10 5 9 
melitus 4 16 0 — 
Follow-up interval 
(mos.)} 
Range l-42 0-29 
Mean 23 13 


TIA = transient ischemic attacks. 
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subsets of patients at special risk for neurologic compli- 


























































cations could be classified according to specific angio- ° Se sil ky 849 
prape cena. os 810 810 B10 810 810 
Carotid stenosis. High-grade stenotic lesions were more i ; l 

common in surgical patients, but they also were present a 
in sufficient numbers for analysis within the nonoperated | : 
group. As indicated in Figure 4, carotid endarterectomy % A EEEE era 
thus far has had no measurable advantage over nonop- 40 è CAROTID ENDARTERECTOMY (N=23) 
erative treatment in the prevention of neurologic com- 
plications among patients with stenosis representing 50- 
69% of lumen diameter. Nevertheless, results of surgical 20 100 100 00 100 
management were clearly superior in patients having ca- = f /.e----- @------ @--- ~~ ~~ = ~~~ ° 
rotid stenosis of greater severity. In subsets with >70% o 7 
stenosis, surgical treatment was associated with an 18% B ae 
reduction in the incidence of all neurologic events. More- 924 
. : i e E ¢ 876 
over, late strokes occurred in 31% of patients in the non- eel 331 
F 917 ian 2" 
k Operated group in comparison to only 7% of those who 80 O 
underwent carotid endarterectomy. This difference was TANS 
statistically significant (p = 0.04). o o 
The graphic illustrations in this report depict the total 60 654 ‘654 
incidence of all late TIA and/or strokes, but permanent % MAXIMUM >70% STENOSIS 
eae i O NO OPERATION (N=28) 
complications caused by surgically correctable but un- 40 ® CAROTID ENDARTERECTOMY (N=62) 
312 312 
Oma o 
—— FREEDOM FROM NEUROLOGIC EVENTS "a 167,7" 
~-~ CUMULATIVE LATE STROKE : o” 
335 3 
100 p PFs a 
@ = game BST 824 824 SE rt et ee 
80 ‘902 889 gaa SS 8 | 2 3 4 5 
60 ALL PATIENTS ii THS YEARS 
JA o NO OPERATION (N= 126) . 
40 © CAROTID ENDARTERECTOMY (N=85) Fic. 4. Cumulative neurologic results according to the maximum severity 
129 129 i i igi 
a 050 064 080 555 O85 of carotid stenosis by digital angiography 
025 052076 --0------ o 
B acm s 5s: —— operated carotid disease on the same side as previous 
100 878 Ses aes hemispheric symptoms warrant particular interest. In the 
ë a 8 =è A 823 nonoperated group of 126 patients, 67 had prior neuro- 
a62 843 623 283 >87 logic symptoms directly referrable to patent common and 
g a A ERATION (N=42) internal carotid arteries. Sixteen of these 67 patients were 
40 © CAROTID ENDARTERECTOMY aso found to have <50% stenosis on the appropriate side, and 
20 O71 091 O91 oor “ee none in this subset experienced late strokes. Of the re- 
ae Ae mms ae ia Berge eae maining 51 patients, 29 had 50-69% stenosis on the ap- 
Cc propriate side, and 22 had >70% stenosis. The cumulative 
1000 1.000 
100 a ane soy _ incidence of subsequent strokes caused specifically by 
80 = ‘965 9l M = : “6 these uncorrected lesions was 3.7% and 27%, respectively 
| 84: _ 
60 + PRIOR STROKE eee (p = 0.07). | 
o, O NO OPERATION (N=84) Internal carotid occlusion. Seventeen of the 85 patients 
40 © CAROTID ENDARTERECTOMY (N=25) 


in the surgical group required carotid endarterectomy on 
the side opposite to documented internal carotid occlu- 
sions. As shown in Figure 5, 94% of the patients in this 
subset have remained free of neurologic events, and none 

YEARS has sustained late strokes. In the nonoperated group, oc- 
_ Fic. 3. Cumulative neurologic results for all patients and for symptomatic cluded internal carotid arteries represented the maximum 
k subsets. degree of extracranial disease in a total of 62 patients. 
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FIG. 5. Cumulative neurologic results according to the status of the con- 
tralateral carotid bifurcation on the side opposite to an internal carotid 
occlusion. 


Sixteen of these had >50% stenosis of the contralateral 
carotid bifurcation, while the remaining 46 patients had 
<50% stenosis on the opposite side. Late results in the 
subset of nonoperated patients with trivial contralateral 
disease were nearly identical to those of carotid endarter- 
ectomy. In comparison, only 72% of the small subset of 
patients with >50% contralateral stenosis remained free 
of subsequent neurologic events, and 20% of this subset 
have sustained late strokes (p = 0.03). 

Bilateral carotid stenosis. The composite risk of bilat- 
eral carotid stenosis is illustrated in Figure 6. There were 
no statistically significant differences in the incidence of 
either TIA or late stroke between patients with unilateral 
carotid involvement in the nonoperated and surgical 
groups. Another 27 patients receiving nonoperative treat- 
ment and 40 others who underwent carotid endarterec- 
tomy had bilateral carotid disease representing some 
combination of lesions exceeding 50% stenosis and/or in- 
ternal carotid occlusions. Subsequent neurologic symp- 
toms occurred in 28% of the nonoperated subset, and 
23% of these patients have sustained permanent deficits. 
In comparison, 97% of those with bilateral involvement 
in the surgical group have remained free of symptoms, 
and none of the patients in this subset have had late strokes 
(p = 0.004). 

Ignored surgical lesions. For several years, three angio- 
graphic criteria generally have been employed to select 
symptomatic patients for carotid reconstruction at the 
Cleveland Clinic: (1) any degree of bifurcation stenosis 
or atheromatous ulceration consistent with a microem- 
bolic source for previous focal neurologic events; (2) >70% 
stenosis of the common or internal carotid artery on either 
side, irrespective of the distribution of prior symptoms: 
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and (3) >50% carotid stenosis in conjunction with con- 
tralateral internal carotid occlusion. Under these terms, 
56 of the 126 patients comprising the nonoperated group 
in this report did not have a surgical lesion at the time of 
their initial DSA examinations. Instead, they were found 
to have either normal extracranial vessels or stable internal 
carotid occlusions on the same side as previous hemi- 
spheric symptoms and no serious stenosis involving the 
contralateral carotid bifurcation. Using these same criteria, 
however, the remaining 70 nonoperated patients had tra- 
ditionally surgical disease for which carotid endarterec- 
tomy was not performed. 

Figure 7 illustrates the cumulative results for these two 
subsets, as well as for the 85 patients in this investigation 
who received surgical management. Although all 211 pa- 
tients in this series had similar neurologic symptoms, their 
5-year outcome may best be stratified according to ob- 
jective angiographic features. In the surgical group, 18% 
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symptoms, and 8% have had completed strokes. In the 
nonoperated group, 92% of the subset without surgical 
lesions have remained free of symptoms, and only 1.8% 
have had late strokes. In comparison, further symptoms 
have occurred in 25% of the 70 patients with uncorrected 
surgical lesions, and 21% of this subset have sustained 
permanent strokes (p = 0.03). 


Discussion 


Controversy concerning the appropriate treatment of 
symptomatic extracranial carotid disease is based on a 
single quintessential dilemma: many patients who pres- 
ently undergo carotid endarterectomy would never ex- 
perience permanent strokes even if no operations were 
performed. The selection of candidates for surgical man- 
agement obviously 1s a critical issue, but independent at- 
tempts to determine which patients otherwise face the 
greatest risk for disabling complications often have pro- 
vided conflicting data. 

Although Whisnant et al.'* found that the 5-year cu- 
mulative incidence of subsequent stroke was 42% in un- 
treated patients with TIA, other similar surveys of symp- 
tomatic patients have described inconsistent annual stroke 
rates ranging from less than 1% to over 15%.'° Bardin 
and Bernstein et al.'®' have suggested that high operative 
risk and poor late results may discourage the use of carotid 
endarterectomy in patients who already have had prior 
strokes caused by carotid bifurcation lesions, but Mc- 
Cullough et al.'® encountered recurrent deficits in 42% of 
such patients that might have been prevented by early 
surgical intervention. The Canadian Cooperative Stroke 
Study Group!” originally indicated that, at least in men, 
antiplatelet therapy might be effective in the prevention 
of late stroke in symptomatic patients. Nevertheless, Car- 
son et al.” have demonstrated that aspirin does not confer 
immunity from neurologic complications and may only 
suppress transient symptoms until carotid bifurcation 
disease has progressed to the point of subtotal stenosis or 
occlusion, 

Confronted by these and countless other contradictory 
opinions, many cerebrovascular surgeons and neurologists 
not surprisingly appear to take adversarial positions con- 
cerning the merit of angiographic investigation and carotid 
endarterectomy. An adequate randomized trial of medical 
and surgical treatment eventually may address this po- 
larized issue, but, until it does, a number of thoughtful 
reports already have presented convincing evidence that 
some symptomatic carotid lesions simply are more dan- 
gerous than others. 

In a study of untreated TIA in which 93 of 144 patients 
underwent documentary cerebral angiography, Ziegler 
and Hassanein' discovered that nearly half of their subset 
with >70% carotid stenosis developed strokes within the 


y> first 3 years of observation. Imparato et al.,?! Lusby et 
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Fic. 7. Cumulative neurologic results according to the traditional defi- 
nition of a surgical! carotid lesion at the Cleveland Clinic (see text). 


al., and O’Donnell et al.” have demonstrated that high- 
grade stenosis often is associated with subintimal carotid 
hemorrhage. This complication produces a structurally 
unstable plaque with a propensity for cerebral micro- 
embolization that even may be aggravated by antiplatelet 
therapy or formal anticoagulation. Conversely, several 
investigations have shown that patients with unilateral 
internal carotid occlusions have a low risk for subsequent 
stroke, provided that serious contralateral stenosis is sur- 
gically corrected.**?° While neurologic symptoms may 
be caused by shallow intimal ulcers, intermediate carotid 
stenosis, subtotal lesions, or internal carotid occlusions, 
their prognosis for future strokes is hardly comparable. 
In our experience with the 211 symptomatic patients 
in this report, there was no overall difference in the in- 
cidence of late stroke between nonoperative and surgical 
treatment in the presence of >50% carotid stenosis con- 
firmed by digital angiography. However, parity in outcome 
was maintained in these groups only because of the prev- 
alence of intermediate (50-69%) stenosis and stable in- 
ternal carotid occlusions in the nonoperated cohort. Dur- 
ing a mean follow-up interval of 36 months, carotid 
endarterectomy provided statistically superior stroke pre- 
vention under the following specific circumstances: (1) 
>70% unilateral stenosis; (2) >50% bilateral stenosis; (3) 
internal carotid occlusion in conjunction with 50% con- 
tralateral stenosis. Five-year stroke prevention in the sur- 
gical group was consistent with the long-term benefit of 
carotid endarterectomy reported earlier from this center.’ 
The conclusions that may be drawn from these results 
appear to strike a logical balance between the prevailing 
attitudes of both neurologists and surgeons. Provided they 


162 


experience no further neurologic events under medical 
treatment and serious progression of recognized disease 
is excluded by periodic reassessment, many symptomatic 
patients with intermediate degrees of extracranial carotid 
stenosis may be managed successfully with antiplatelet 
therapy alone. Nevertheless, our data also confirm that 
high-grade stenosis or severe bilateral involvement is as- 
sociated with substantial stroke risk unless carotid end- 
arterectomy is performed. 
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rectal area and dry thoroughly before use. Attach plastic 
applicator to tube, and squeeze tube lightly to fill applica- 
tor with cream. Lubricate applicator with cream, then gent- 
ly insert into rectum and squeeze tube again lightly to 
extrude a similar applicator dose of cream into the rectum 
Can also be applied topically to irritated anorectal tissues. 
Use morning and evening and after each bowel movement 
The recommended duration of treatment is two to six days. 


For Topical Use: Apply to affected areas of the skin two to 
four times daily. The recommended duration of treatment is 
two weeks. 


HOW SUPPLIED: CORTICAINE Cream (hydrocortisone ace- 
tate 0.5% and dibucaine 0.5%) is supplied ina 1 oz tube 
with a rectal applicator (NDC 0173-0358-72). 


Keep container well closed and store between 15° and 30°C 
(59° and 86°F). 
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CLASSIFIED AD SECTION 


Classified advertising is available in ANNALS OF 
SURGERY for those recruiting personnel or interested in 
obtaining positions. Display space also is available for 
those desiring greater visibility or more space for their 
message. 


Classified ad copy, like other advertising copy, will be 
reviewed for approval prior to publication. 


Classified Rates: $9.00 per line or fraction of line. The 
average line will be 40 characters. 


Box Numbers: Replies may be directed via Box # to 
J.B. Lippincott Company, at an extra charge per insertion 
of $6.50 to cover handling costs in forwarding such 
replies to the advertiser. 


How to Order: Send typewritten text copy for the ad 
with remittance in full to: 


ANNALS OF SURGERY 
c/o J.B. Lippincott Company 
Attn: Kim McLean 
East Washington Square 
Philadelphia, Pa. 19105 
(215) 238-4280 


Deadline: Copy received by the 15th of month will run 
in the second following month's issue, e.g. November 
15th for January issue. Ads received after the 15th will run 
in the next available issue. 





PROFESSIONAL RESUME SERVICES. Curriculum vitae 
preparation for physicians. Prompt and confidential. Mailing 
services available. Call toll free 1-800-6-CAREER. In PA, (215) 


433-4112. 





Board Certified or Eligible GENERAL SURGEON: The larg- 
est physician-owned multispecialty medical group in Los 
Angeles County seeks physician well-trained in General 
Surgery. This opportunity includes guaranteed income, 
well-equipped offices, malpractice, health, life and disability 
benefits, and partnership eligibility after two years. Interested 
applicants should send CV to: Dr. Rafael Amaro, HCMG, Inc., 
5959 W. Century Blvd., Suite 1122, Los Angeles, CA 90045. 





GENERAL/VASCULAR SURGEON WANTED: Solo phy- 
sician with large volume surgical practice located in central 
Maine seeks BC/ BE associate. Salary negotiable. Partnership 
potential. For more information and/or candidate considera- 
tion, contact: Linda P. Lanchak, R.N., Physician 
Recruiter / Consultant, 400 GSB Bldg., 1 Belmont Avenue, Bala 
Cynwyd, Pa. 19004. 





GENERAL SURGEON: Board Certified or Eligible. Imme- 
diate need for multispecialty group in Virginia coastal region. 
Small town environment with metropolitan area and beaches 
nearby. Guaranteed salary and incentive program. Possible 
ownership 12-18 months with outstanding benefit and financial 
package to fit all specialties. Send C.V. to Box ANN8A, J.B. 
Lippincott Co., East Washington Square, Philadelphia, PA 
19105. 





Continued on page 24A 


F: atal 


pulmonary embolism 
doesn't 
happen often. 


But once 1s enough. 
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Please see brief summary of full prescribing 
information on next page. 


Crances ARE, you've never seen a pulmonary 
embolism (PE), much less a fatal one. But even 
so, you know the consequences can be 
catastrophic. 

Now there is a way you can decrease the 
odds of that happening: with Embolex (DHE 
0.5 mg/heparin 5000 units) Injection. 


An advanced, two-pronged defense. 


A unique combination of low-dose heparin 
and dihydroergotamine, Embolex Injection acts 
to prevent postop deep-vein thrombosis (DVT) 
and PE ina way heparin alone can't. 

As you'd expect, the low-dose heparin 
component prevents hypercoagulability.? But 
Embolex Injection does more. Its DHE compo- 
nent acts on the venous system to help prevent 
venous Stasis.” 

Embolex increases venous tone up to 
250%' and venous blood flow up to 50%. Yet 
Embolex Injection affects other hemodynamic 
parameters only minimally.’ 


44% decrease in deep-vein thrombosis 
compared with heparin alone. ' 
A l6-site U.S. multicenter study confirmed a 
44% decrease in DVTs for Embolex Injection 
compared with low-dose heparin as diagnosed 
by the radiofibrinogen uptake test. 

The same study revealed no statistically 
significant difference in postop bleeding between 
Embolex Injection and placebo. In both cases, 
postop bleeding was at the 2% level. Wound 
hematoma was 3% with Embolex Injection and 


2% with placebo. ' 


This protection is safe, easy and inexpensive. 

Embolex Injection is easy to administer: just 

one subcutaneous injection two hours preop and 

one injection b.i.d. for five to seven days there- 

after. Cost to the hospital is less than $5.00 a day. 
So wouldn't you agree Embolex Injection 

is well worth evaluating on your next high-risk 

patients’ The results are impressive and the risks 

relatively few. 


7N Put the odds in your favor 
EMBOLEX 






(dihydroergotamine mesylate and heparin sodium; 
with lidocaine HCI) Injection 
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Before prescribing or administering, see package circu- 
lar for full product information. The following is a brief 
summary. 
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(dihycroergotamine mesylate and heparin sodium; 
with lidocaine HCI) Injection 


INJECTION 


Indications and usage: Embolex (dihydroergotamine mes- 
ylate and heparin sodium; with lidocaine HCl) Injection (a 
low-dose regimen) is indicated for the prevention of post- 
operative deep venous thrombosis and pulmonary embo- 
lism in patients undergoing major abdominal, thoracic, or 
pelvic surgery (see DOSAGE AND ADMINISTRATION) 
Such prophylaxis should generally be reserved for patients 
over the age of 40 who are undergoing major surgery. 
Contraindications: Embolex (dihydroergotamine mesy- 
late and heparin sodium; with lidocaine HCl) treatment is 
contraindicated in patients who have previously shown 
hypersensitivity to heparin, ergot alkaloids, or lidocaine 
This combination is also contraindicated in patients with 
known peripheral vascular disease, coronary insufficiency, 
angina, severe hypertension, impaired hepatic or renal 
function, sepsis, severe thrombocytopenia, or in patients 
receiving oral anticoagulant therapy. 

Heparin should not be administered to patients with an 
uncontrollable active bleeding state, or patients unable to 
submit to suitable blood coagulation tests (e.g., whole 
blood clotting time, partial thromboplastin time). While 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) contains heparin, this con- 
traindication refers to full dose heparinization. Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCl), which utilizes low dose heparin as one of 
its components, does not require monitoring of patients 
having normal coagulation parameters. 

DHE possesses oxytocic properties. Therefore, Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCl) Injection should not be administered dur- 
ing pregnancy. 

Warnings: Need to Rule Out Bleeding Disorders: All patients 
should be screened prior to administration of Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCl) prophylaxis to rule out bleeding disorders; 
appropriate coagulation tests should be repeated just prior 
to surgery. Test values should be normal or only slightly 
elevated at these times. 

Caution in Disease States in Which There is an Increased 
Danger of Hemorrhage: Embolex (dihydroergotamine mes- 
ylate and heparin sodium; with lidocaine HCl) Injection 
should be used with extreme caution in disease states in 
which there is increased danger of hemorrhage. The poten- 
tial for increased bleeding both during and after surgery 
should be considered. Some of the conditions in which 
increased danger of hemorrhage exists are: 
Cardiovascular: Subacute bacterial endocarditis; severe 
hypertension. 

Surgical: During and immediately following (a) spinal tap 
or spinal anesthesia or (b) major surgery, especially involv- 
ing the brain, spinal cord, or eye. 

Hematologic: Conditions associated with increased bleed- 
ing tendencies, such as hemophilia, thrombocytopenia, 
and some vascular purpuras. 

Gastrointestinal: Ulcerative lesions and continuous tube 
drainage of the stomach or small intestine; liver disease 
with impaired hemostasis. 

Thrombocytopenia: Thrombocytopenia has been reported 
to occur in patients receiving heparin with a reported inci- 
dence of 0 to 30%. Mild thrombocytopenia (count greater 
than 100,000/mm3) may remain stable or reverse even if 
heparin is continued. However, thrombocytopenia of any 
degree should be monitored closely. If the count falls below 
100,000/mm3 or if recurrent thrombosis develops (see 
White Clot Syndrome, PRECAUTIONS), Embolex (dihy- 
droergotamine mesylate and heparin sodium; with lidocaine 
HCl) administration should be discontinued. 
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Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) Injection does not have fibri- 
nolytic activity; therefore it will not lyse preexisting or estab- 
lished deep vein thrombi. If clinical evidence of 
thromboembolism develops despite Embolex (dihydroer- 
gotamine mesylate and heparin sodium; with lidocaine 
HCl) prophylaxis, this should be discontinued and full ther- 
apeutic doses of anticoagulants administered unless 
contraindicated. 

Arterial Spasm: DHE, like other ergot alkaloids, can cause 
vasospastic reactions, including angina, although it seems 
to do so less commonly than other ergots. This action 
appears to be dose-related; however, some patients may 
demonstrate individual sensitivity to the agent. 
Vasospastic reactions are manifested by intense arterial 
vasoconstriction, producing signs and symptoms of periph- 
eral vascular ischemia (e.g., muscle pains, numbness, cold- 
ness and pallor of the digits), angina or unusual syndromes 
such as mesenteric ischemia. Because persistent vaso- 
spasm can result in serious morbidity (gangrene) or death, 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) should be discontinued imme- 
diately if signs or symptoms of vasoconstriction develop. 
In worldwide experience with Embolex (dihydroergot- 
amine mesylate and heparin sodium: with lidocaine HCI), 
representing about 2.8 million exposures, there have been 
66 reports of vasospasm, most in severely traumatized 
patients or patients with a severe debilitating condition 
such as sepsis. In most cases, cessation of Embolex (dihy- 
droergotamine mesylate and heparin sodium; with lido- 
caine HCI) and institution of vasodilator therapy reversed 
the vasospasm. 

In clinical trials of Embolex (dihydroergotamine mesylate 
and heparin sodium; with lidocaine HCl) there were two 
instances of mesenteric ischemia, one of which progressed 
to bowel necrosis, that may have been related to DHE. 
Precautions: This combination should be used with cau- 
tion in patients with hypertension. 

“White Clot Syndrome”: Rare patients on heparin may 
develop new thrombus formation in association with throm- 
bocytopenia resulting from irreversible aggregation of plate- 
lets induced by heparin, the so-called white clot syndrome. 
The process may lead to severe thromboembolic compli- 
cations like skin necrosis, gangrene of the extremities, myo- 
cardial infarction, pulmonary embolism and stroke. 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) administration should be 
promptly discontinued if a patient develops new throm- 
bosis in association with thrombocytopenia. 

Heparin Resistance: Increased resistance to heparin has 
been frequently encountered in fever, thrombosis, throm- 
bophlebitis, infections with thrombosing tendencies, myo- 
cardial infarction, cancer and in postsurgical patients. 
Increased Risk in Older Women: A higher incidence of 
bleeding has been reported in women over 60 years of 
age. 

Laboratory Tests: Periodic platelet counts, hematocrits, and 
tests for occult blood in stool are recommended during 
the entire course of heparin therapy, regardless of the route 
of administration. 

Drug Interactions: Agents of the ergot alkaloid class, of 
which DHE is a member, have been shown to interact with 
antibiotics of the macrolide class, resulting in increased 
plasma levels of the unchanged alkaloid. 

Platelet aggregation is the main hemostatic defense of hep- 
arinized patients. Drugs which interfere with platelet aggre- 
gation reactions (such as acetylsalicylic acid, dextran, 
phenylbutazone, ibuprofen, indomethacin, dipyridamole, 
hydroxychloroquine and others) may induce bleeding and 
should be used with extreme caution in patients receiving 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) Injection prophylaxis. 
Digitalis, tetracyclines, nicotine, or antihistamines may par- 
tially counteract the anticoagulant action of heparin 
sodium. 

Drug/Laboratory Test Interactions: Hyperaminotransfera- 
semia: Significant elevations of aminotransferase (SGOT 
S-AST and SGPT S-ALT) levels have been reported in a 
high percentage of patients (and healthy subjects) who 
have received heparin. Since aminotransferase determi- 
nations are important in the differential diagnosis of myo- 
Cardial infarction, liver disease, and pulmonary emboli, 
elevations that may be caused by drugs [like Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCI) Injection] should be interpreted with caution. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: No 
long-term studies in animals have been performed to eval- 
uate carcinogenic potential of either DHE or heparin. Also, 
no reproduction studies in animals have been performed 
concerning mutagenesis or impairment of fertility. 
Pregnancy: Pregnancy Category X. See CONTRA- 
INDICATIONS. 

Nursing Mothers: Heparin is not excreted in human milk 
It is not Known whether DHE is excreted in human milk. 
Because many drugs are excreted in human milk, cau- 
tion should be exercised when Embolex (dihydroergot- 
amine mesylate and heparin sodium: with lidocaine HCI) 
Injection is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness of DHE in children 
has not been established. 

Adverse reactions: 

Hemorrhage: Hemorrhage is the chief complication that 
may result from Embolex (dihydroergotamine mesylate and 
heparin sodium, with lidocaine HCl) administration (see 
WARNINGS). An overly prolonged clotting time or minor 
bleeding complications during therapy can usually be con- 
trolled by withdrawing the drug ‘see OVERDOSAGE). 
Deep subcutaneous administration of Embolex (dihydroer- 
gotamine mesylate and heparin sodium; with lidocaine 
HCl) Injection may produce local irritation, mild pain, ecchy- 
mosis, or hematoma at the injection site. These complica- 
tions are much more common after intramuscular use, 
and such use is not recommended. 
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HEMORRHAGIC COMPLICATIONS—U.S. STUDY 
Number and Percentage of Patients 


TREATMENT GROUP 

Complication | DHE/HEP | DHE/HEP 
Excessive 

N=212 N = 227 N=220 |N= 106 

4 (2%) 8 (4%) 7 (3%) 2 (2%) 
Pretreatment 
vs. Day 5 
Catheterized & 
Uncatheterized 


N=81 
15 


Postoperative 
N= 165 N=173 
=1.3 — 1,2 
Postop 


Bleeding 
Mean 

Wound N=208 | N=219 | N=216 |N= 109 
Hematomas 6 (3%) 4 (2%) 7 (3%) 2 (2%) 
Hematoma at N = 209 N = 225 N=221 |N=109 
Injection Site | 24 (11%) | 27 (12%) | 26(12%) | 7 (6%) 


Change in 
Hemoglobin 
Levels in 
gm/100 ml 
Microscopic 
Hematuria- 
Day 5- N = 156 N 
All Patients- 38 (24%) 


157 | N=159 
43 (27%) | 41 (26%) 


N=77 
28 (36%) 





Other Adverse Effects: DHE is known to produce a num- 
ber of reactions on occasion, including: numbness and 
tingling of fingers and toes, muscle pain in the extremi- 
ties, weakness in the legs, precordial distress and pain, 
transient tachycardia and bradycardia, nausea, vomiting, 
and localized itching and edema. 

Generalized hypersensitivity reactions have been reported 
in patients receiving heparin therapy. The most common 
symptoms associated with such reactions are: chills, fever, 
and urticaria. Asthma, rhinitis, lacrimation, headache, nau- 
sea and vomiting, and anaphylactoid reactions, including 
shock, have also been reported more rarely. Itching and 
burning, especially on the plantar side of the feet, may 
occur. 

Thrombocytopenia has been reported to occur in patients 
receiving heparin with a reported incidence of 0-30%. 
While often mild and of no obvious Clinical significance, 
such thrombocytopenia can be accompanied by severe 
thromboembolic complications such as skin necrosis, gan- 
grene of the extremities, myocardial infarction, pulmonary 
embolism, and stroke. (See WARNINGS, PRECAUTIONS). 
In preliminary studies with normal volunteers, doses of 
DHE of 2-3 mg resulted in an increased frequency of head- 
ache, leg cramps and soreness, nausea and vomiting; 
these were relatively uncommon in domestic and foreign 
controlled trials in surgical patients, where DHE was used 
at the recommended dose of 0.5 mg. The following table 
shows the frequency of adverse reactions reported in con- 
trolled trials for all treatment groups pooled: 


INSTANCES OF ADVERSE EFFECTS* 
U.S. EMBOLEX (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCI) CLINICAL TRIALS 









TREATMENT GROUP 
Complication | DHE/HEP | DHE/HEP 
by Body 5000 2500 | HEP 5000 | Placebo 
System N=478 | N=236 | N=232 |N=197 


GASTRO- 
INTESTINAL 
Nausea 
Vomiting 
Abdominal 
Discomfort 

GI Bleeding 
Miscellaneous 


CARDIO- 
VASCULAR 
Chest Pain 
Hypertension 
Myocardial 































11 (2.3%) 
11 (2.3%) 


1 (0.4%) |2 (1.0%) 


2 (1.0%) 


2 (1.0%) 
2 (0.8%) | 2 (0.9%) 


= 1 (0.4%) |2 (1.0%) 
Rash 1 (0.4%) 1 (0.4%) |2 (1.0%) 
Miscellaneous | 9 (1.9%) | 1 (0.4%) 2 (1.0%) 


*Not all of the adverse reactions can be attributed to 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl), as these postsurgical patients 
received other drugs. 






3 (0.6%) 








3 (1.3%) 













4 (0.8%) 






7 (1.5%) 
2 (0.4%) 






2 (0.8%) 


























Infarction 2 (0.4%) | 1 (0.4%) 1 (0.4%) 
Shortness of 

Breath 2 (0.4%) 

Tachycardia 2 (0.4%) | 1 (0.4%) 







Miscellaneous 
CNS 

Pyrexia 3 (0.6%) 
Miscellaneous | 5 ( 


SKIN 






How supplied: Embolex (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCI) Injection is available 
as a single ampul in packages of 20 and 100 as follows: 
os 0.5 mg/2500 USP Units Heparin/Lidocaine HCI 

5.33 mg 

Package of 20 ampuls (NDC 0078-0118-03). 

Package of 100 ampuls (NDC 0078-0118-05). 

This combination strength is not currently available. 

DHE 0.5 mg/5000 USP Units Heparin/Lidocaine HCI 
7.46 mg 

Package of 20 ampuls (NDC 0078-0119-03). 

Package of 100 ampuls (NDC 0078-0119-05). 

Store and dispense: Store below 77°F (25°C), dispense 
in light-resistant containers. 


Manufactured by Sandoz, Ltd., Basle, Switzerland for 
Sandoz Pharmaceuticals Corporation, East Hanover, 
NJ 07936. 
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290 Patients Documented by Intravenous Angiography 


t NORMAN R. HERTZER, M.D: 
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Surgical Versus Nonoperative Treatment of 
Asymptomatic Carotid Stenosis — 





EDWIN G. BEVEN, M.D. 


From 1980 through 1982, intravenous extracranial digital sub- 
traction angiography (DSA) was performed in 6684 patients at 


= the Cleveland Clinic. Of these, 290 previously unoperated pa- 


“ tients had asymptomatic carotid stenosis exceeding 50% of lumen 


‘diameter on unequivocal DSA studies. Elther the presence or 


the absence of carotid bruits substantially misrepresented the 
severity of angiographic stenosis on approximately 30% of sides. 
Nonoperative management was employed in 195 patients, in- 
cloding 104 (53%) who received antiplatelet therapy, while an- 
other group of 95 patients underwent prophylactic carotid end- 


_ arterectomy. During mean follow-up intervals of 33-38 months, 


surgical treatment significantly reduced the cumulative incidence 
of subsequent neurologic events in men (p = 0.05). Statistically 


` unconfirmed trends also suggested that carotid endarterectomy 


tended to prevent late strokes in subsets of patients with >70% 
stenosis or bilateral carotid lesions. The overall stroke rate for 


women was higher in the surgical group (p = 0.03), in part be- 
cause of their unusual risk for perioperative complications (9%) 


in this particular series. 


TOPICS concerning vascular disease are as con- 
troversial as the management of asymptomatic 


carotid stenosis. The merit of prophylactic carotid 


+- endarterectomy is debatable even among surgeons, and 
scores of references may be cited to support the conflicting 


a 
J 


opinions that elective surgical treatment either ‘does or 


does not prevent strokes among patients who never have 


experienced transient ischemic attacks (TIA).! Since the 
introduction and wide deployment of reliable noninvasive 
methods to detect asymptomatic extracranial lesions, 
however, the number of carotid endarterectomies per- 
formed throughout the United States has escalated dra- 
matically during the past decade.*~ In response to this 
trend, some prominent neurologists contend that sudden 
stroke without premonitory TIA is an unusual compli- 
cation of carotid stenosis and have proposed a prospec- 
tively randomized trial of antiplatelet agents as well as 


Reprint requests: Norman R. Hertzer, M.D., The Cleveland Clinic 
Foundation, 9500 Euclid Avenue; Cleveland, OH 44106. 
Submitted for publication: March 18, 1986. 
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RICHARD A. FLANAGAN, JR., M.D. 


PATRICK J. O'HARA, M.D. 


From the Department of Vascular Surgery, The Cleveland 
Clinic Foundation, Cleveland, Ohio 


surgical treatment in asymptomatic patients.*’ Chambers 
and Norris’ calculated that such a study must identify a 
subset of patients with an annual stroke rate in excess of 


-5% despite medical therapy in order to justify carotid re- 


construction.. 

A number of independent attempts already hàye been 
made to clarify. the natural history of untreated asymp- 
tomatic stenosis. In addition to population surveys in 
Evans County, Georgia, and the Framingham Study, | 
clinical reports of patients with asymptomatic carotid 
bruits have suggested that this nonspecific physical finding 
is associated with higher risk for neurologic complications, 


myocardial infarction and cardiac mortality than i is. an- 
- ticipated within the general population.*!! Nevertheless, 
‘these and similar bruit studies are open to speculation 


because of the inconsistent relationship of bruits, carotid 
stenosis, and subsequent neurologic events.!>!? Other in- 
vestigations employing noninvasive blood flow assessment 
or ultrasound..carotid. imaging. have_demonstrated that 


- Jate TIA and strokes are significantly more common ‘in 
` patients who have objective evidence of high-grade 


asymptomatic stenosis at the time they entered the follow- 
up period.'*” Despite their convincing data‘and the:pre- 
sumed accuracy of their noninvasive methods, however, 
none of these important studies was monitored by cerebral 
angiography. Unfortunately, angiographic confirmation 
of the severity of stenosis under observation usually has 
been restricted to the contralateral bifurcation i in series of 
patients who previously have undergone unilateral carotid 
endarterectomy, a situation that may not accurately reflect 
the natural history of untreated asymptomatic stenosis.?! 

In selected patients, the quality of intravenous digital | 
subtraction angiography (DSA) is comparable to that of 
conventional intra-arterial techniques.” Since the Cleve- 
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FIG. 1. Representative intravenous digital subtraction angiograms demonstrating the quality necessary for inclusion in this study: (4) 50% stenosis 
(arrow) of the left internal carotid artery; (B) 70% stenosis of the left internal carotid (long arrow), with approximately 60% stenosis (short arrow) of 
the right internal carotid; (C) 90% stenosis (arrow) of the rigat internal carotid in conjunction with (D) left internal carotid occlusion (arrow). 
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land Clinic has provided the facilities to test prototype 
DSA equipment for several years, considerable experience 
with intravenous contrast imaging of the carotid arteries 
has been accumulated at this center. To compare the late 


~ results of nonoperative and surgical treatment of carotid ` 


stenosis documented by some form of angiography, we 
have critically reviewed all carotid DSA examinations 
performed during the study period of 1980-1982. Data 


concerning 211 symptomatic patients who were evaluated- 


because of previous TIA or strokes have been presented 
elsewhere.”* The present report is a review of 290 patients 
with asymptomatic carotid stenosis confirmed by un- 
equivocal DSA studies. 


Material and Methods . 


From 1980 to 1982, the Cleveland Clinic maintained 
the first, if not the only, DSA unit in northeastern Ohio. 
During this interval, 6684 patients underwent intravenous 
- extracranial DSA examinations, and many then returned 
7 to their referring physicians for subsequent management. 
For the purpose of this report, each of these DSA studies 
was personally reviewed, and complete follow-up data 
were obtained from patients, their surviving family mem- 
bers, or physicians for all candidates who met the following 
requirements: 


(1) The extracranial DSA was unquestionably diag- 
nostic and demonstrated at least 50% stenosis of one or 

both common carotid or internal carotid arteries. 
' (2) There was no history of prior cerebrovascular op- 
erations. 

(3) Any carotid endarterectomy following the DSA ex- 


amination was performed by one of the authors. Patients ~ 


who required simultaneous carotid reconstruction and 
coronary bypass were excluded. 

(4) Complete late information was available (none lost 
to follow-up). 


Y No DSA was accepted unless it demonstrated both ex- 
tracranial carotid systems clearly enough to be comparable 
to standard angiography (Fig. 1). Under these strict cri- 
teria, a total of 290 patients qualified for the study, in- 
cluding 195 who received nonoperative management fol- 
lowing their DSA examinations and 95 others who un- 
derwent carotid endarterectomy. While this investigation 


is neither prospective nor randomized in the traditional 


sense, late information was obtained for all patients who 
satisfied the entrance requirements, and their treatment 
was as random as the advice cf the many family physi- 
cians, internists, neurologists, and surgeons who were re- 
sponsible for it. 


Clinical Features 
A summary of several clinical features is presented in 


„»x> Fable 1. The 187 men (64%) and the 103 women (36%) 
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TABLE 1, Comparison of Clinical Features between the Nonoperated 
and 





Surgical Groups 
; Carotid 
No Operation Endarterectomy 
Clinical Features No. % No. % 
Patients 195 100 95 100 
Men 124 64 63 66 
Women 71 36 32 34 
Age 
Range 39-90 43-85 
Mean ` 67 64 
Risk Factors 
Hypertension 
- Diabetes 121 62 67 71 
mellitus 37 19 19 20 
Follow-up interval 
(mos.) 
Range 1-53 0-54 
Mean 33 38 


` comprising the two treatment cohorts ranged from 39 to 


90 years of age (mean: 66 years). None had experienced 
hemispheric or vertebrobasilar TIA or strokes preceding 
DSA evaluation. Hypertension requiring medical man- 
agement was present in 188 patients (65%), and 56 patients 
(19%) were insulin-dependent diabetics. The follow-up 
interval for all 290 patients presently extends to 54 months 
(mean: 34 months). 


Angiographic Carotid Disease 


The severity of extracranial carotid disease demon- 
strated by DSA is described in Table 2. The maximum 
degree of angiographic stenosis was 50-69% of lumen di- 


TABLE 2. Maximum Severity of Carotid Disease Documented by 
Intravenous Digital Subtraction Angiography in the 


Nonoperated and Surgical Groups 
Carotid 
No Operation Endarterectomy 
l (N = 195) (N = 95) 
Angiographic ee ee ere 
Findings No % No % 
Carotid 
stenosis 
50-69% 90 46 4 4 
70-89% 51 26 36 38 
>90% 19 10 4 51 
Occlusion 35 18 7 
Atheromatous 
ulceration 
None 114 58 68 72 
Unilateral 68 . 35 2! 22 
Bilateral 13 7 6 6 
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CAROTID STENOSIS C] <50% 
DOCUMENTED BY 
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FiG. 2. Graphic correlation of asymptomatic carotid bruits and digital 
angiographic findings in the 252 patients who had bruits. 


ameter in 94 patients (32%), 70-89% of the diameter in 
87 (30%), and >90% of the diameter in 67 (23%). Com- 
plete occlusion of the common carotid or internal carotid 
artery was demonstrated in another 42 patients (14%). 
Conceding the fact that intimal erosion often may escape 
detection by intravenous DSA, unilateral atheromatous 
ulceration was identified in 89 patients (31%), and bilateral 
changes were interpreted in another 19 (7%). 

Although each angiographic subset was represented in 
both treatment cohorts, several differences in the com- 
position of the nonoperated and surgical groups could be 
confirmed by statistical analysis. Intermediate degrees (50- 
69%) of stenosis (p = 4.9 X 107'*, Fisher exact test) and 
documented internal carotid occlusions (p = 0.02) were 
more common among patients receiving nonoperative 
therapy. In comparison, the incidence of subtotal lesions 
exceeding 90% stenosis was higher among patients selected 
for carotid endarterectomy (p = 8.6 X 10714). 


Carotid Bruits 


The presence of asymptomatic carotid bruits clearly 
comprised the most common indication for DSA inves- 
tigation in this series. A total of 252 (87%) of the 290 
patients had bruits, including 163 (83%) of the nonoper- 
ated group and 89 (94%) of those who underwent carotid 
endarterectomy. Bruits were absent in only 38 patients 
(13%), and intravenous carotid imaging was obtained in 
most of these patients because they had other evidence 
of generalized vascular disease. 

Figure 2 illustrates the correlation between carotid 
bruits and angiographic findings in the 252 patients who 
had bruits on physical examination. While carotid bruits 
reflected >50% angiographic stenosis on 70% of sides, the 
remaining 30% of bruit sides were associated either with 
lesser degrees of involvement (26%) or internal carotid 
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occlusions (4%). Conversely, DSA revealed >50% stenosis 
on 22 (18%) of the sides without bruits, and another 18 
silent sides (14%) had internal carotid occlusions. These 
data support two preliminary conclusions regarding the 
potential risk for neurologic complications represented — 
by carotid bruits in this series: (1) subsequent TIA or 
strokes would not be anticipated on 26% of bruit sides 
having trivial angiographic involvement: and (2) neuro- 
logic events would not be inappropriate if they occurred 
on 32% of silent sides having >50% stenosis or internal 
carotid occlusions. 


Management 


Of the 195 patients in the nonoperated group, 104 (53%) 
were prescribed and complied with antiplatelet therapy 
(aspirin and/or dipyridamole), and nine others (5%) re- 
ceived formal anticoagulation with Coumadin®. No spe- 
cific medical treatment was recommended for the re- 
maining 82 patients (42%). A total of 116 carotid endar- 
terectomies (21 bilateral) were performed in the 95 
patients who underwent surgical treatment, including 
seven contralateral procedures in the subset with unilateral 
internal carotid occlusions. In addition, empiric medical 
management was continued throughout the follow-up 
period with the use of antiplatelet agents in 74 patients 
(78%) and with Coumadin anticoagulation in one. 


Results 
Surgical Complications 


One (1.1%) of the 95 patients in the surgical group died 
with a postoperative myocardial infarction. Four others 
(4.2%) experienced operative strokes following 116 carotid 
endarterectomies (3.4%), and each of these events is en- 
tered into all appropriate life table calculations concerning 
the results of surgical treatment in this report. In com- 
parison, | 1 iatrogenic strokes (2.4%) occurred within the 
complete series of 466 carotid procedures performed by 
the authors for asymptomatic carotid stenosis during the 
same study period of 1980-1982, a figure that includes 
patients who received simultaneous myocardial revas- 
cularization (unpublished data). 


Late Survival 


During a mean follow-up interval of 35 months, there 
have been 43 late deaths (22%) in the nonoperated group 
and 13 late deaths (14%) in the surgical group. Late mor- 
tality was attributed to cardiac events in 30 patients (54%), 
to cancer in eight (14%), to fatal strokes in four (7%), and 
to all other causes in 14 (25%). Life table data were cal- 
culated according to Cutler and Ederer? and were ana- 
lyzed for statistical significance using the method described 
by Lee and Desu.” Actuarial survival for men, women, 
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and the entire series is depicted in Figure 3, with 140 
(48%) of the 290 patients eligible for consideration at least 
through 4 years. Despite one death among eight remaining 
patients in the final year of observation, overall 5-year 


„survival in the surgical group (mean age: 64 years) was 


superior (p = 0.01) to nonoperated patients (mean age: 
67 years). This difference attained significance in women 
(p = 0.05) but not in men (p = 0.07). 

Additional comparisons suggested that associated cor- 
onary artery disease (CAD) had a substantial influence 
on late survival after carotid enderterectomy. Cumulative 
5-year survival was 80% for 21 patients receiving surgical 
treatment- who had no evidence of CAD either by history 
or by electrocardiographic findings. Another 38 patients 
in the surgical group were suspected to have CAD by these 
criteria, and 36 others have at some time required myo- 
cardial revascularization. Cumulative survival for these 
two respective subsets was 48% and 94%, but this differ- 


. ence was not statistically significant (p = 0.1). 
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TABLE 3, Comparison of the Crude Incidence of Late Stroke Occurring 
in the Nonoperated and Surgical Groups 


Carotid 
No Operation Endarterectomy 
(N = 195) (N = 95) 
Late Stroke No. % No. % 
Total 18 9 7 7 
Men 16 13 2 3 
Women Tr 3 5 16 
Age 
Range 48-90 43-7} 
Mean 65 62 
Risk factors 
Hypertension 
Diabetes 10 § 6 9 
mellitus 4 il 3 16 
Follow-up interval 
(mos,) 
Range 0-43 0-36 
Mean 15 ii 
Neurologic Events 


Crude incidence. Late neurologic events thus far have 
occurred in 17% of the 195.patients in the nonoperated 
group (16 TIA, 18 strokes) and, including four operative 
deficits, in 12% of the 95 patients who underwent carotid 
endarterectomy (4 TIA, 7 strokes). All but one of the 45 
events were associated with hemispheric motor and/or 
sensory deficits or with monocular retinal ischemia, and 
27 (19%) of the 34 patients who experienced neurologic 
symptoms during nonoperative management had their 
complications on the same side as uncorrected >50% ca- 
rotid stenosis. A summary of the crude incidence of late 
stroke in both treatment cohorts is presented in Table 3. 
Five of the 18 strokes in the nonoperated group occurred 
at the time of open heart procedures or resection of a 
thoracoabdominal aortic aneurysm, and since the etiology 
of such events could be completely unrelated to incidental 
carotid stenosis, none of these five patients has been con- 
sidered in the life table calculations comprising the re- 
mainder of this report. 

Cumulative data. Figure 4 illustrates cumulative free- 
dom from all neurologic events (TIA and strokes) and 
the incidence of late stroke in the nonoperated and surgical 
groups. During the 5 years following carotid endarterec- 
tomy, 91% of men have remained asymptomatic, and 
their cumulative stroke rate was only 4%. In comparison, 
32% of men in the nonoperated group have experienced 
either transient or permanent deficits (p = 0.05), and 
nearly 18% have sustained late strokes (p = 0.07). Con- 
versely, freedom from symptoms was not enhanced by 
surgical treatment in women. In fact, three (9.4%) of the 
32 women who underwent carotid reconstruction had 
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FIG. 4. Cumulative neurologic results for men, women, and the entire 
series. 


iatrogenic deficits, and their 5-year stroke rate (16%) thus 
exceeded stroke risk in the nonoperated group (p = 0.03). 

Clinical outcome is displayed according to age in Figure 
S, Surgical intervention had no apparent effect on the 
incidence of TIA or stroke among 132 patients ranging 
from 60 to 69 years of age. In smaller subsets of patients 
less than 60 and over 70 years of age, 95% of those in the 
surgical group remained asymptomatic, and only 4% had 
strokes within 5 years of their operations. Although 
symptoms occurred in approximately 30% and strokes in 
9-12% of patients of similar ages in the nonoperated 
group, none of these differences achieved statistical Sig- 
nificance (p = 0.09). 

Carotid stenosis. Since an unequivocal DSA exami- 
nation was an entry requirement for this study, subsets 
of patients who might be at special risk for neurologic 
complications could be classified according to discrete 
angiographic criteria. In Figure 6, late results are stratified 
according to the maximum severity of carotid stenosis 
that either was corrected by endarterectomy or was placed 
under observation. This illustration represents 157 of the 
190 follow-up patients in the nonoperated group because 
the remaining 33 only had stable internal carotid occlu- 
sions rather than patent, stenotic lesions. 
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A total of 96 patients had angiographic stenosis com- 
promising the internal carotid lumen by 50-69%, but only 
eight received surgical management. While adequate sta- 
tistical analysis was precluded by the small size of this 
subset, 84% of comparable nonoperated patients have re- 
mained asymptomatic, and late strokes have occurred in 
but 4%. Eighty-seven of the 95 patients in the surgical 
group underwent carotid endarterectomy to correct either 
70-89% or >90% stenosis. The cumulative incidence of 
neurologic symptoms and late strokes in each of these 
two subsets was 8-12% and 7%, respectively. In compar- 
ison, 33-51% of nonoperated patients with higher grades 
of angiographic stenosis have experienced some type of 
neurologic complications, and 24-33% have had com- 
pleted strokes. Nevertheless, none of these differences has 
yet attained statistical significance (p = 0.23). 

Bilateral carotid involvement. The composite risk of 
bilateral carotid disease is illustrated in Figure 7. The 
nonoperated group contains a total of 33 patients who 
had internal carotid occlusions on one side, including 22 
with trivial contralateral carotid changes (Fig. 7A) and 11 
with >50% contralateral stenosis (Fig. 7B). Equivalent 
cumulative results were obtained among patients having 
unilateral lesions in both treatment cohorts. In the pres- 
ence of bilateral >50% stenosis, 36% of patients in the 
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Fic. 5. Cumulative neurologic results according to age. 
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nonoperated group eventually experienced neurologic 
symptoms, and 20% have had completed strokes. In 
comparison, 91% of those with bilateral carotid disease in 
_ the surgical group have remained asymptomatic, and 
-the 5-year stroke rate in this subset was only 6%. None 
of these differences, however, was statistically significant 
(p = 0.08). 

Other factors. Of the 190 patients in the nonoperated 
group for whom cumulative neurologic results were cal- 
culated, 111 received antiplatelet therapy (N = 102) or 
Coumadin anticoagulation (N = 9), while 79 had no 
medical treatment (Fig. 8A). Although the overall inci- 
dence of late neurologic events was similar in both subsets, 
21% of untreated patients sustained strokes in comparison 
to 7% of those under some form of medical management. 
Neurologic events occurred in 34% and strokes in 15% of 
patients who had angiographic evidence of atheromatous 
ulceration, but none of these features attained statistical 
~ significance. 

For several years, two angiographic criteria generally 
have been employed to select asymptomatic patients for 
prophylactic carotid reconstruction at the Cleveland 
Clinic: (1) >70% stenosis of either common or internal 
carotid artery; (2) >50% stenosis in conjunction with 
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_. Fic. 6. Cumulative neurologic results according to the maximum severity 
K of documented carotid stenosis. 
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Fic. 7, Cumulative neurologic results for unilateral and bilateral carotid 
stenosis. 


contralateral internal carotid occlusion. In this context, 
106 of the patients in the nonoperated cohort did not 
have a surgical lesion at the time of their original DSA 
studies, while the remaining 84 had traditionally surgical 
disease for which carotid endarterectomy was not per- 
formed (Fig. 8B). During the 5 years comprising the fol- 
low-up investigation, 86% of the subset without surgical 
lesions have remained free of symptoms, and only 5% 
have had subsequent strokes. In comparison, neurologic 
events have occurred in 38% of the 84 patients with un- 
corrected surgical lesions, and 22% of this subset have 
experienced permanent strokes. At the present time, 
however, neither of these apparent trends is statistically 
significant (p = 0.13). 


Discussion 


Experienced surgeons recognize that stroke is not an 
inevitable outcome of carotid stenosis and that many 
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FIG. 8. Cumulative neurologic results in the nonoperated group according 
to whether medical therapy (antiplatelet agents or formal anticoagulation) 
was administered and whether a traditional surgical lesion was ignored 
(see text). 


asymptomatic patients would never have neurologic 
complications even if prophylactic operations were not 
performed. Encouraged by the safety and successful late 
results of carotid endarterectomy for symptomatic lesions, 
however, most vascular centers in the United States offer 
surgical treatment to selected asymptomatic patients with 
severe Carotid stenosis under the fundamental presump- 
tion that the risks of its natural history surpass those as- 
sociated with elective reconstruction. Although surpris- 
ingly little information is available concerning the course 
of patients with asymptomatic lesions who are placed un- 
der observation or medical treatment, at least two recent 
reports indicate that the 5-year cumulative stroke rate for 
those having objective evidence of =50% carotid stenosis 
exceeds 20%. In a heterogeneous group of 125 peripheral 
vascular patients with asymptomatic bruits and/or ab- 
normal Doppler ultrasound examinations, Barnes et al.'4 
discovered that strokes occurred in 22% and TIA in an- 
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other 34% during follow-up intervals of 2-44 months 
(mean: 22 months). Using similar diagnostic methods. 
Moore et al.'” determined that 21% of patients with =50% 
stenosis sustained permanent deficits within 5 years and 
found that only one of the 36 strokes in this study was - 
preceded by a herald TIA. 

The composite 5-year incidence of completed strokes 
or delayed surgical intervention for TIA also was 22% 
among patients receiving nonoperative treatment in our 
series, and our data further suggest that stroke risk was 
concentrated among those who were documented to have 
at least 70% unilateral stenosis or bilateral 50% carotid 
involvement by digital angiography. The 5-year cumu- 
lative stroke rate ranged from 20 to 33% for unoperated 
patients in these specific angiographic subsets, and such 
results are consistent with the repeated observation that 
high-grade carotid lesions often undergo subintimal hem- 
orrhage or plaque necrosis, which may precipitate either 
cerebral microembolization or sudden occlusion of the 
internal carotid artery.” Late strokes occurred in 22% 
of patients in the nonoperated group who otherwise had 
sufficient extracranial disease to merit traditionally their 
consideration as candidates for surgical treatment at this 
center. In comparison, the 5-year stroke rate in the surgical 
group was 8%, a figure that is identical to our previous 
experience with carotid endarterectomy.*' Although sev- 
eral of the trends established in this study have not yet 
attained statistical significance, they clearly suggest that 
some asymptomatic lesions simply are more dangerous 
than others. Provided the severity of carotid stenosis is 
objectively documented, however, its risk appears to fol- 
low a logical pattern. 

The incidence of perioperative stroke (9.4%) among 32 
women in the surgical group does not accurately represent 
the complication rate (2.4%) for all 466 asymptomatic 
patients who underwent carotid reconstruction at the 
Cleveland Clinic from 1980 to 1982. Nevertheless, early 
results obviously influenced the late success of carotid re- 
construction in this limited subset, and it must be con- 
ceded that an unacceptable operative risk would seriously 
jeopardize the benefit of surgical management if it were 
the rule rather than the exception. In two publicized com- 
munity surveys, the combined morbidity and mortality 
of carotid endarterectomy was found to be 21% in Spring- 
feld, Ilinois, and 9.5% in Cincinnati.” While those op- 
posed to surgical treatment of asymptomatic extracranial 
disease have interpreted these data to reflect the results 
of carotid endarterectomy throughout the United States, 
similar reports have demonstrated that the combined risk 
of elective surgical management ranges from 2 to 4.4% 
in Cleveland, San Francisco, and Allentown, Pennsyl- 
vania.**-*° Obviously, only one equitable conclusion may 
be drawn from such studies: the safety of carotid endar- 


terectomy must be established at every hospital in which -4 
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it is conducted. Perhaps the most serious obligation of 
any prospectively randomized investigation regarding ca- 
rotid endarterectomy for asymptomatic stenosis will be 
to measure the intrinsic merit of the operation, not the 
surgeons selected to perform it. 
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Cadaver kidneys remain a scarce resource, yet single pediatric 
donor kidneys are underutilized at some centers. Between 1967 
and 1984, 133 single pediatric and 318 adult donor cadaver 
transplants were performed. Patient and graft survival, renal 
function, and complications in adult recipients grouped by donor 
age were compared. Recipient age for all groups was similar 
(34-36 years). Life table analysis revealed no difference in graft 
survival in recipients of kidneys from donors aged 2, 3, 4, 5-10, 
and 11-15 when compared with adult donors. Graft survival in 
these groups improved over time with current l-year survival 
over 75%. Recipients from donors less than 24 months of age 
demonstrated significantly poorer results, with no kidney sur- 
viving >2 months. Serum creatinine of grafts functioning >6 
months was similar in all groups. It is concluded that single 
pediatric kidneys from donors greater than 2 years of age can 
be successfully transplanted to adults with good long-term results. 


ONCERN OVER functional capability, technical 
problems, and early graft loss have limited the 
transplantation of pediatric kidneys into adult 

recipients at some centers.'~? Others*-’ have shown that 
a single pediatric kidney will grow and adequately sustain 
life in the adult. However, some authors?’ have advocated 
the transplant of both kidneys from pediatric donors to 
a single recipient to overcome some of the perceived 
problems. The continued shortage of kidneys for renal 
transplantation mandates continued efforts to determine 
the appropriate use of this pool of donor kidneys. We 
reviewed an 18-year experience with the transplantation 
of single pediatric donor kidneys to adults to determine 
if there exists a critical donor age associated with decreased 
graft function or survival. 


Methods 


From January 1967 to December 1984, 514 cadaveric 
donor renal allograft transplants were performed in adult 
recipients at Montefiore Medical Center. For the purpose 
be a ra et ie oh Fae otc op 
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tn 
of comparison with other studies, the term pediatric was 
defined as under age 16. During the period reviewed, 133 
transplants were from the pediatric age group, while 381 
were from donors aged 16 and over, 

The transplanted kidneys were either harvested at our 
own institution or were procured through the New York 
Regional Transplant Program. The methods of organ 
preservation and recipient selection were similar for all 
patients. Operative technique was standard, including the 
use of a Carrel patch of the donor aorta for anastomosis 
to the recipient iliac artery. This was considered man- 
datory with the small pediatric donor vessels, and, in such 
cases where a sufficient amount of aorta was not available 
for a patch, the kidney was not used. Basic immuno- 
suppression was achieved with prednisone and azathio- 
prine, while rejection episodes were treated with intra- 
venous methylprednisone and/or a course of antilym- 
phocyte globulin. 

The transplant recipients were divided into four groups 
based on the age of the donor: E 1-4 years; II: 5-10 years; 
HI: 11-15 years; and IV: over 15 years. In addition, group 
I was further subdivided by years of age. The mean age 
of recipients in each group was calculated. Data from the 
earlier transplant years (1967-1 979) were compared with 
those from later years (1980-1984). Computer-assisted 
actuarial analysis of patient and graft survival was deter- 
mined.'' Statistical significance of the differences in sur- 
vival curves was calculated with the log-rank test.!2 In 
addition, long-term renal function, complications, and 
causes of graft failure were investigated and analyzed by 
the chi square test and Student’s t-test where applicable. 


Results 
Of the 514 cadaveric renal transplants to adult recipi- 


ents carried out during the period reviewed, 26% were * 
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TABLE 1. Mean Recipient Age for Each Donor Age Group 


Donor Age Men 
Donor Age Range Recipients Recipient age 
Group (Years) N (®) Years (+SD) 
I 1-4 33 (6) 35 (12) 
H 5-10 46 (9) 35 (10) 
Ill 11-15 54 (11) 35 (9) 
IV Adult 381 (74) 36 (11) 


from pediatric donors, while 15% (79) were from donors 
aged 10 years or less and 6% (33) were from donors aged 
4 or less (Table 1). The mean recipient age was not found 
to vary significantly among the groups (Table 1). 

Four-year patient survival for the full period of review 
was found to range from a low of 69% (ages 1-4) to a high 
of 79% (adult), with no significant differences between the 
groups. In the earlier period (1967-1979), however, a sig- 
nificant difference (p < 0.05) did exist between the 4-year 
~ patient survival in recipients of kidneys from the youngest 
donor age group (43%) and recipients of adult kidneys 
(69%), with the other pediatric groups showing survival 
similar to the adult. In the later period (1980-1984), a 
marked improvement in all groups has been realized, with 
patient survival in each group more than 90% at 4 years 
(Table 2). 

The life table graft survival for the full 18-year period 
of review is shown in Figure 1. Na statistically significant 
differences in survival were present. Graft survival in the 
earlier period ranged from 23 to 33% at 4 years, and all 
groups showed improvement in the later period (Table 
3). Calculation of the life table graft survival in the last 2 
years of the study (1983 and 1984) shows continued im- 
provement, with 1-year survival now over 75% for all pa- 
tients. Further evaluation of graft survival and function 
in group I by year of age demonstrated markedly poorer 
results in the 6 recipients of kidneys from donors aged 1 


“*" year (mean: 16 months of age). None of the kidneys in 


this group survived beyond 2 months posttransplant, and 
the mean survival period was less than 1 month (Fig. 2). 
While graft survival in recipients of kidneys from the 1 

. year of age donor was significantly lower, survival in re- 
cipients of kidneys from donors aged 2 through 15 was 
similar to or better than survival in recipients of adult 
donor kidneys. . 

Renal function in the recipients of pediatric donor kid- 
neys was compared with function in recipients of adult 
kidneys. Current serum creatinine level in all patients 
transplanted between 1980 and 1984 and who had func- 
tioning grafts with a minimum of 6 months of follow-up 
were reviewed. The serum creatinine in recipients of pe- 
diatric donor kidneys did not differ from that in adult 
kidney recipients (Table 4). The recipients of kidneys from 
the youngest donor age group had the lowest serum cre- 


ms” atinine, but this difference was not statistically significant. 
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TABLE 2. Per Cent Patient Survival at 4 Years* 





Donor Age 1967-1979 1980-1984 p Value of 
Years % % Differencet 
1—4 43 100 <0.01 
5-10 63 94 <0.1 
11-15 66 94 <0.05 
Adult 69 90 <0.001 





* Patients transplanted between 1967 and 1979 are compared with 
those transplanted between 1980 and 1984. 
t Log-rank test. 


Chronic rejection was the most frequent cause of graft 
failure, responsible for 62% of all graft failures (Table 5), 
while acute rejection and primary nonfunction had 
somewhat lower incidences, 15 and 13%, respectively. 
Miscellaneous causes of graft failure included vascular 
and urologic complications, hyperacute rejection, sepsis, 
infarction, and withdrawal of medications (Table 5). Acute 
rejection as a cause of graft failure was higher in the 1-4 
year donor age range when compared to the others, al- 
though the difference was not significant. Causes for graft 
failure in the -year donor group are included in Table 5 
and are found to correspond to those for the adult. 

The complication rate for the later period (1980-1984) 
was reviewed and found to be 17% for all patients (Table 
6). The overall rate for the pediatric donor group (19%) 
was not significantly different than that for the adult (17%). 
However, a greater rate of urologic complications and 
renal artery stenosis was found in the pediatric group (Ta- 
ble 6), although again the differences were not statistically 
significant. In addition, these complications were treatable: 
of the four recipients of pediatric donor kidneys with renal 


Percent Survive! 





Months Post Transplant 


Fic. 1. Life table graft survival 1967-1984. Per cent graft survival in 
four donor age groups. 
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TABLE 3. Per Cent Graft Survival at 1 and 4 Years Posttransplant* 
aie tre E ai eg i pA SD SSE CSE LE ES Ac ARE SRE ree 


1967-1979 
1980-1984 
Donor Age | Year 4 Years 1 Year 
Years % % % 
1-4 32 32 55 
5-10 37 33 53 
ii-15 50 23 59 
Adult 35 23 63 


* Earlier and later periods compared. 


artery stenosis (donor ages 4, 5, 6, and 13), all were suc- 
cessfully treated with percutaneous transluminal angio- 
plasty, and all four kidneys are presently functioning with 
a mean serum creatinine of 2.2 mg/dl. A 13% compli- 
cation rate was found in the 1-4 year donor group indi- 
cating that the recipients of the smaller pediatric kidneys 
did not have a disproportionate number of complications. 


Discussion 


Utilization of the pediatric donor kidney remains an 
unresolved issue. Almost 10 years ago Silbur'> docu- 
mented a rapid increase in renal size and function in rats 
when neonatal kidneys were transplanted into adults. This 
phenomenon of compensatory hypertrophy allows the 
pediatric donor kidney to achieve normal renal function 
in the adult recipient within weeks of the transplant. While 
most clinical studies have confirmed this finding, concern 
still exists that the smaller kidney must withstand the 
trauma of the donor harvest, storage, the transplant sur- 
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Fic. 2. Life table graft survival 1967-1984. Per cent graft survival by 
individual age of survivors under six versus adult. 
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TABLE 4. Mean Serum Creatinine in All Grafts at Least 
6 Months from Transplant 





Donor Age Number Mean Creatinine 
Years N mg/d! (+SD) 
2-4 10 1.6 (0.73) 
5-10 8 2.0 (1.1) 
11-15 14 E 
Adults 85 1.9 (1.2) 





gery itself, and possible rejection episodes with treatment, 
all prior to the completion of the hypertrophy. There are 
a number of reports in the literature addressing these is- 
sues. Kootstra? in 1978 reported on 24 pediatric donor 
recipients and demonstrated that while 1-year graft sur- 
vival was equivalent to that in recipients of adult kidneys, 
pediatric kidney recipients more frequently required early 
postoperative dialysis. 

Seven years ago Boczko et al.* from this institution 
reported on recipients of kidneys from donors less than 
9 years of age. At that time it was concluded that the long- 
term graft survival was actually better with the pediatric 
donor kidney (32% compared to 15%), although the 
numbers were relatively small and a statistically significant 
difference was not found. The feasibility of using the pe- 
diatric donor kidney appeared to be confirmed by Glass 
et al. in 1979 with a larger group of patients (N = 65). 
They found no statistically significant differences in the 
graft survival between recipients of pediatric and adult 
donor kidneys. However, in a later study from the same 
institution, Hong et al.’ reported that graft survival in 
recipients of kidneys from donors less than 10 years of 
age was inferior. Specifically, none of nine kidneys from 
donors under 5 years of age survived more than 6 months 
when transplanted into adults. Managadze et al.* similarly 
found significantly poorer graft survival with pediatric 
donors. They reported a 1-year graft survival of 49% in 
recipients of kidneys from donors less than 16 years old 
versus 67% in recipients of kidneys from donors over 16. 
In addition, they had twice as many technical complica- 
tions in the pediatric donor group. Graft loss in their study 
was early, and the difference in survival was established 
within the first 3 months posttransplant. 

Our results clearly support the utilization of kidney: 
from donors greater than 24 months of age. We found ar 
increase in graft loss only in recipients of kidneys from 
donors under 24 months. Current patient and graft sur: 
vival in recipients of kidneys from donors aged 2-5 years 
6-10, or 10-15 was similar to that in recipients of adul 
kidneys. In view of our data, serious consideration shoulc 
be given before a single kidney transplant is undertakes 
utilizing donors under 24 months of age. While 26% o 
our transplants were from donors in the pediatric ag 
range (under 16 years), less than 1% of our transplant 
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TABLE 5. Cause of Graft Failure in Each Donor Age Group (1967-1984). 
Donor Number Primary Acute Chronic 
Age Failed Nonfunction Rejection Rejection Miscellaneous 
Years N N (%) N (%) N (%) N (%) 
l 6 1 (17) 1 (17) 3 (50) 1 (17) 
2-4 14 1 (7) 4 (29) 8 (57) 1 (7) 
5-10 31 6 (19) 2 (6) 21 (68) 2 (6) 
11~15 33 4 (12) 4 (12) 24 (73) 1 (3) 
Adult 240 30 (13) 38 (16) 145 (60) 27 (11) 
Total 324 42 (13) 49 (15) 210 (65) 32 (10) 


were in this especially high-risk group. While complica- 
tions such as renal artery stenosis and ureter leaks ap- 
peared more frequently in the recipients of pediatric kid- 
neys, the differences were not significant and were not 
reflected in survival. In fact, complications such as renal 
artery stenosis may now be treated successfully with per- 


~ cutaneous angioplasty. 


baa al 


Recently, Schneider et al.? reported a 10-year experience 
with double pediatric cadaver donor renal transplants. Of 
the 21 double transplants, only three donors were aged 1 
year or younger; six were aged 2 years; and 12 were be- 
tween 3 and 10. The average donor age was 4.4 years. 
They found that the survival rate in this group was similar 
to that in a matched adult donor recipient group. Results 
were not compared to single pediatric donor recipients. 
Our results suggest that the use of double pediatric cadaver 
donors from the 2 years of age and older group is neither 
indicated nor justified. In this group, graft survival with 
single kidneys is comparable to survival with adult kid- 
neys. Therefore, the use of double kidney transplants 
would reduce by 50% the number of transplants available 
from this group of donors. If only double transplants were 
performed at our institution for the 2-10 year donor age 
group, 73 fewer transplants would have been performed. 

In summary, we have found that patient and graft sur- 


TABLE 6. Complications (1980-1984) 


Adult Pediatric 

Complication N = 170 N = 54 

Urologic 5 (2.9%) 3 (5.5%) 

Renal artery stenosis 8 (4.7%) 4 (7.4%) 

Miscellaneous” 15 (8.8%) 3 (5.6%) 
Total 28 (16.5%) 10 (18.5%) 


* Including infection, hemorrhage, infarction, lymphocele. 


vival with the transplantation of kidneys from donors 24 
months of age or over is equivalent to that with adult 
donors. The notably poor results with single kidney trans- 
plantation from donors less than 24 months suggests that 
the double kidney approach warrants further considera- 
tion in this particular group. 
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Twenty-four Hour Blood Flow in the Forefoot 
after Reconstructive Vascular Surgery 





ROLF JELNES, M.D. 


” Local blood flow in the forefoot (SBF) was measured continu- 
ously during 24 hours by “xenon clearance technique in 10 
patients prior to and at least 1 year after successful reconstructive 
vascular surgery for severe arterial insufficiency (mean: 18 
months, range: 12-36). A group of 10 patients with normal pe- 
ripheral circulation served as a control group. In spite of a con- 
siderable increase of the ankle/arm systolic blood pressure in- 


dex—-preoperative: 0.30 + 0.12, postoperative: 0.78 + 0.28 (mean | 


+ 1 SD)—the SBF decreased by 50% (p < 0.001) following 
reconstructive vascular surgery during day activities. During 
‘sleep, however, SBF increased by 80% (p < 0.001). The relative 
changes in SBF from day to night at the postoperative exami- 
nation did not differ from that of the control group, Le., the 
normal 24-hour blood flow pattern had been obtained. These 
changes in SBF are explained by the reappearance of peripheral 
vasoregulatory mechanisms. Postreconstructive hyperemia was 
evaluated by the same technique. The changes in SBF following 
surgery in the positions supine, awake and supine, asleep were 
found to be insignificant (0.80 < p < 0.90). It is concluded that 
the long-term postreconstructive hyperemia merely ts a reflection 
of the normal 24-hour blood flow pattern. 
| commonly used to evaluate the effect of reconstruc- 
tive vascular surgery is to measure the ankle systolic 
blood pressure. The good correlation between an increase 
in ankle systolic blood pressure and the clinical improve- 
ment following surgery is well documented.'* The ankle 
systolic blood pressure is, however, a measure of the ar- 
terial systolic blood pressure, which does not give any 
information about nutritional blood flow. 

Recent investigations by measurement of 24-hour sub- 
cutaneous blood flow in the forefoot (SBF) revealed highly 
characteristic flow patterns in patients with severe occlu- 
sive arterial disease. In normal subjects the SBF during 
night increased significantly as compared with a low blood 


N THE VASCULAR LABORATORY the method most 


Reprint requests: Rolf Jelnes, M.D., Maglekrogen 32, DK-2860 Soe- 


borg, Denmark. 
Submitted for publication: January 30, 1986. 


176 


From the Departments of Clinical Physiology /Nuclear 
Medicine and Surgery M, Vascular Division, Bispebjerg 
Hospital, Copenhagen, Denmark _. 


flow state during daytime activities. In patients with isch- 
emic nocturnal rest pain, the night blood flow was reduced 
compared to that during the day.’ 

With the use of the isotope washout technique under 
laboratory conditions, an increase in blood flow has been 
demonstrated after reconstructive vascular surgery.” This 
increase in blood flow has been termed postreconstructive 
hyperemia and has been shown to persist for up to at least 
300 days.* The etiology of this phenomenon is not clear. 

The aim of the present study was to elucidate the dy- 
namic changes in the 24-hour blood flow pattern in the 
forefoot after reconstructive vascular surgery and to in- 
vestigate the possible postreconstructive hyperemia in the 
forefoot. 


Materials 


Ten patients (4 women and 6 men) had reconstructive 
vascular surgery performed for severe arterial insufficiency 
in ten lower limbs (femoropopliteal bypass: 5 patients; 
aortic bifurcation graft: 2 patients; two-level reconstruc- 
tion: 2 patients; and axillofemoral bypass: 1 patient). Sur- 
gery was performed on two patients because of severe, 
disabling intermittent claudication and on eight patients 
because of ischemic nocturnal rest pain. The mean age 
was 66 years (range: 58-71 years). Only the worst limb 
of each patient was examined. 

A control group of ten patients (7 women and 3 men) 
without signs or symptoms compatible with arterial in- 
sufficiency were investigated for comparison. The mean 
age was 58 years (range: 32-67 years). 

None of the patients was diabetic, and none had pre- 
viously had arterial surgery performed. 
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Twenty-four hour continuous registration of xenon 
(Xe) washout from a local depot in the forefoot, ankle 
~ systolic blood pressure by strain-gauge technique® and a 
postural test (see below) was performed both before op- 
eration and at the postoperative examination. The latter 
was performed at least 1 year after the reconstruction 
(mean: 18 months, range: 12-36 months). Clinically, none 
of the patients had edema of the foot at either of the ex- 
aminations. 

The above investigations were undertaken once in the 
control group. 
= Twenty-four hour continuous registration of '*Xe 
washout was perfornied from a local depot of '’Xe in 
the adipose tissue pad in the first metatarsal space in the 
forefoot. One to two microcuries of "Xe dissolved in 0.1 
ml 0.9% saline was injected in the loose subcutaneous 
_, tissue on the dorsal side of the foot between the extensor 
. tendons to the first and second toes. Since xenon Is a 
highly lipophilic tracer, the underiving adipose tissue pad 
was labeled atraumatically. A portable semiconductor de- 
tector was mounted over the local isotope depot and fixed 
to the skin by adhesive tape. The detector was connected 
by a cable to a memory component (Memolog® 500, Novo 
Diagnostic Systems, Bagsveerd, Denmark), thus allowing 
for continuous registration of the isotope washout. Be- 
cause of the close relationship between the detector and 
thé isotope depot, a correction of the washout rates for 
diffusion and convection must be undertaken. This cor- 
rection has been validated.? In the following, only cor- 
rected rate constants will be considered for further anal- 
ysis. 

In the same adipose tissue pad in the first metatarsal 
space in the forefoot, a postural test was performed. This 
was done by recording the isotope washout rate at a ref- 
erence level, i.e., the supine position at the level of the 


“Y heart (ker), at least 40 cm below the reference level (k_49) 


and at the reference level (ken). A Nal scintillation de- 
tector was placed at least 15 cm from the isotope depot 
to record the count rate of the isotope. The washout rates 
at reference level were calculated and averaged. The 
changes in local blood flow were calculated as relative 


subcutaneous blood flow (RSBF): 
k_49 
RSBF = ——-——_-- . 
(Kreg, + Kreg, )/2 


The ankle systolic blood pressure (ASBP) was recorded 
by a mercury-in-Silastic® gauge. The ankle-arm systolic 
blood pressure index (A/T) was calculated. 

Subcutaneous blood flow in the forefoot (SBF) was cal- 
culated as: 


SBF = k X À X 100 (ml X (min X 100 g)~), 


me where k denotes the washout rate of the indicator and À 
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TABLE 1. Ankle Systolic Blood Pressure (ASBP) and Ankle/arm 
Systolic Blood Pressure Index (A/I) at the Pre- and Postoperative 
Examination as well as for the Control Group* 


Occlusive Arterial Disease 


Preoperative Postoperative Control 

Examination Examination Group 

ASBP (mmHg) 45+19 121 +45 142 + 30 
(28-82) (70-213) (110-210) 
A/I 0.30 +0.12 0.784028 1.10 0.08 
(0.19-0.53) (0.49-1.22) (1.00-1.20) 


* Mean + SD, min-max, N = 10. 


denotes the tissue-to-blood partition coefficient of the in- 
dicator in the tissue under study. In the present ii À- 
xenon was taken to 7.5 ml X g7!.!° 

The relative postreconstructive hyperemia (RPH) was 
calculated as the ratio between the washout rates in the 
supine, awake position at the postoperative and preop- 
erative examination: 


RPH = Kponoperative l 
Koreoperative 
The patients gave informed verbal consent and the 
project received the approval of the Municipal Ethical 
Committee of Copenhagen. 


Statistics à 


Results are given as mean + 1 S.D. Groups of paired 
data were compared by analysis of variance with random 
blocks.!! Student’s t-test was applied when unpaired data 
were compared; p < 0.05 was considered as significant. 
Least square logarithmic regression was performed when 
the washout rates were calculated. 


Results 
Changes after Reconstructive Vascular Surgery 


All operations proceeded uneventfully, and no com- 
plications were encountered. Three patients were bothered 
after operation with slight intermittent claudication. None 
of the patients complained of ischemic nocturnal rest pain. 
The ankle systolic blood pressure as well as the ankle/ 
arm systolic blood pressure index increased significantly 
following surgery (t = 4.98, p < 0.001), Table 1. Normal 
ankle systolic blood pressure (i.e., A/I = neo was ob- 
tained in only 3 cases. 

A set of original 24-hour washout curves ae a patient 
with ischemic nocturnal rest pain is shown in Figure 1. 
The figure illustrates the 24-hour blood flow pattern in 
the subcutaneous tissue in the forefoot at the preoperative 
(Fig. 1A) and at the postoperative examination (Fig. 1B), 
respectively. 
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Fic. 1A, Illustrates the original 24-hour washout curve from a patient 
having ischemic nocturnal rest pain. As the slope of the curve is pro- 
portional to local blood flow, a decrease in local blood flow during sleep 
is seen. *indicates pain. 
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FG. 1B. The original 24-hour washout curve from the same patient as 
in Figure | A after reconstructive vascular surgery. Great changes in diur- 
nal and nocturnal blood flow have taken place. 


It is evident that great changes in diurnal and nocturnal 
blood flow have taken place. The estimated SBF during 
daytime activities—sitting and quiet walking (erect po- 
sition)—and during nighttime hours—supine, asleep—at 
the pre- and postoperative investigations are given in Table 
2. At the preoperative examination, the SBF during the 
night decreased by 33% compared to daytime activities (t 
= 3.28, p < 0.005). After operation, SBF during the night 
increased by 150% compared to daytime activities (t 
= 6.99, p < 0.001). 

When the postural test was performed, a reduction of 
blood flow on dependency was found to be present in two 
feet before operation, both having ischemic nocturnal rest 
pain. At the postoperative examination, a reduction in 
bloed flow on dependency was found in all feet under 
investigation (Table 3). 


Control Group 


The control group was confirmed to have no obliter- 
ations in the arterial tree until the level of the ankle of 
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TABLE 2. Changes in SBF-—ml(min 100 g)"'—from Day to Night at 
the Pre- and Postoperative Examination as well as for 
the Control Group™, Xy, = 7.5 mig 


Occlusive Arterial Disease 


areenan, 











Preoperative Postoperative Contro! 
mi (min 100 gy"! Examination Examination Group 
Daytime activities 2.8+0.8 13+0.5 19 + 0.3 
(1.6-4.3) (0.8-2.3) (1.4-2.5) 
Asleep (night hours} 1.9 + 0.6 3,2 + 1.4 3.6 + 1.0 
(0.9-2.7) (1.4-5.6) (2.8-5.5) 
N.S 


* Mean + SD, min-max, N = 10. 


hemodynamic importance at rest. The ankle/arm systolic 
blood pressure index was above 1.00 (Table 1). 

The estimated SBF during daytime activities and 
nighttime hours is given in Table 2. The SBF during the : 
night increased by 87% on the average compared to that ` 
during daytime activities (t = 5.19, p < 0.001). 

When the postural test was performed, a decrease in 
SBF was found in all feet on dependency. The decrease 
averaged 50% (range: 30-68%) (Table 3). 

In a comparison of the postoperative examination and 
the control group, the relative changes in SBF from day- 
time activities to nighttime hours was found to be insig- 
nificant (t = 1.93, p > 0.05) (Table 2). 


Relative Postreconstructive Hyperemia (RPH) 


The changes in SBF under three different physiological 
conditions following reconstructive vascular surgery are 
shown in Figure 2. Firstly, while the patients were awake 
in the erect position (daytime activities), the SBF decreased 
by an average of 53% (t = 5.41, p < 0.001) (Fig. 2A). 
Secondly, while the patients were awake in the supine 


TABLE 3. Changes in RSBF Performing the Postural Test at the Pre- 
and Postoperative Examination as well as for the Control Group* 


Occlusive Arterial Disease 





Preoperative Postoperative Control 
RSBF Examination Examination Group 
<0.80 0.75 0.50 0.51 
(0.72-0.78) (0.25-0.74) (0.32-0.70) 
N=2 N = 10 N = 8 
0.80-1.20 0.95 
(0.91-0.97) 
N = 3) N=0 N= 0 
21.20 1.70 
(1.20-2.21) 
N=5 N=0 N=0 


* Mean, min-max. 
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position (RPH), SBF increased by 73% on the average (t 
= 2.84, p < 0.02) (Fig. 2B), and thirdly, while they were 
asleep in the supine position, SBF increased by 71% (t 
= 4.86, p < 0.001). The difference between the relative 
changes in the positions supine, awake (RPH) and supine, 
asleep were insignificant (t = 0.20, 0.80 < p < 0.90). The 
changes in SBF were unrelated to the type of reconstruc- 
tion performed. 


Discussion 


After successful reconstructive vascular surgery, the 24- 
hour blood flow pattern returned to a normal configu- 
ration, viz., there was no significant difference between 
the relative changes from day to night at the postoperative 
examination and in the control group. This normalization 
was achieved even though the A/I did not go above 1.00. 
In the present study, the A/I rose from 0.30 + 0.12 (range: 


_ 0.19-0.53) to 0.78 + 0.28 (range: 0.49-1.22) following 


surgery. 

In the patients undergoing reconstructive vascular sur- 
gery, a preoperative decrease in SBF during nighttime 
hours was found, as compared to daytime activities. The 
reduction was of the same order of magnitude as that 
previously reported.* 

Two mechanisms acting in conjunction may explain 
this decrease in SBF in the severely ischemic foot. Firstly, 
there is the 20—30% reduction during sleep of the systemic 
blood pressure,'* combined with paralysis of the peripheral 
vascular bed. Secondly, SBF in the proximal nonischemic 
tissue of the limb is increased as local resistance is reduced 
because of positional changes (abolition of the local va- 
soconstrictor response, see below). The latter has been 
described as proximal steal. 

The tone of the peripheral vascular bed was examined 
by performing the postural test. The purpose of this test 
is to unveil the reactivity of the arterioles due to increased 
venous pressure as well as to increased arterial pressure. 
When a limb is lowered, the arterial as well as the venous 
pressure increases similarly, i.e., the perfusion pressure in 
the foot is kept constant. In normal subjects SBF has been 
demonstrated to decrease by approximately 50% on de- 
pendency, ie., a vasoconstriction.'*:'4 This vascular re- 
sponse——the vasoconstrictor response——has been shown 
to be triggered when the transmural pressure of the veins 
exceeds approximately 25 mmHg. The response is trans- 
mitted by a local, venoarteriolar, sympathetic axon reflex 
causing arteriolar constriction.'? Previous studies have 
shown the vasoconstrictor response to be absent in the 
severely ischemic foot.*!*!> In the majority of patients 
with ischemic nocturnal rest pain, an increase in SBF on 
dependency has been demonstrated. This implies a re- 
duction of peripheral vascular resistance and vascular tone 
(vasoparalysis), local blood flow being dependent on the 
systemic blood pressure and the hydrostatic pressure. 
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Fic. 2. Relative changes in local blood flow following reconstructive 
vascular surgery under three different physiological conditions: (a) erect, 
awake; (b) supine, awake (RPH); (c) supine, asleep. 


These findings have been supported by the present study 
(Table 3). 

In spite of the increase in A/I, SBF during daytime 
activities (erect position) decreased compared to preop- 
erative values. In a recent paper, a significant difference 
in daytime biood flow in patients with and without arterial 
insufficiency could not be demonstrated.” There was, 
however, a tendency for the blood flow to be less in pa- 
tients with normal circulation compared to patients with 
severe ischemia. Significance was probably not obtained 
because of the great variations among individuals in the 
tissue-to-blood partition coefficient of xenon. '® 

The decrease in SBF seen after surgery, during daytime 
activities, can be explained by the reappearance of the 
local vasoconstrictor response in the forefoot. Following 
reconstructive vascular surgery, the local vasoregulatory 
mechanisms have been shown to reappear within the first 
weeks after operation.'° The present study is in accordance 
with these findings (Table 3). 


Control Group 


In the control group the SBF increased during sleep in 
spite of the expected drop of the systemic blood pressure. 
The increase in SBF may be explained by the decrease in 
peripheral resistance (abolition of the local vasoconstrictor 
response) being greater than the drop in systemic blood 
pressure, causing a net increase in blood flow. The major 
mechanisms influencing the peripheral resistance in nor- 
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mal subjects has been demonstrated to be sympathetic 
vasoconstrictor activity mediated by central!’ as well as 
local sympathetic reflexes.'? The latter has been shown to 
be of greatest importance.'’ Humoral factors, including 
catecholamines and metabolites, may also contribute to 
the increase in SBF during sleep in normal subjects. 


Postreconstructive Hyperemia 


Postreconstructive hyperemia has been studied previ- 
ously in the vascular laboratory with the patient in the 
supine position and awake. In the present study the rel- 
ative changes in SBF following surgery were found to be 
insignificant when comparing lying, awake (RPH) and 
lying, asleep (Figs. 2B and C). Furthermore, as the blood 
flow pattern at the postoperative examination had been 
normalized, the term postreconstructive hyperemia eval- 
uated by the present method ('*?Xe clearance technique) 
at least | year after surgery thus seems improper, as the 
changes in SBF are compatible with a normalization of 
the 24-hour blood flow pattern. 

Postreconstructive hyperemia has been shown to be 
most pronounced in limbs with longstanding arterial in- 
sufficiency and in which no vasoconstrictor response or 
autoregulatory mechanisms could be demonstrated before 
operation.” By venous occlusion plethysmography, a great 
increase (tenfold) in blood flow of the calf was demon- 
strated following surgery.'* The blood flow declined grad- 
ually within the first postoperative months, most probably 
while the local vasoregulatory mechanisms were restored. 

The blood flow in subcutaneous adipose tissue has been 
shown to increase two- to fourfold under reactive hyper- 
emia compared to an increase of 8-10 times in muscular 
tissue under the same physiological conditions.!”° This 
may be due to the smaller capillary density per milligram 
in adipose tissue compared to muscular tissue”! and may 
be responsible for the variability in blood flow, when eval- 
uating the postreconstructive hyperemia. 

In conclusion, the present study has demonstrated a 
normalization of the 24-hour blood flow pattern in pa- 
tients having had successful reconstructive vascular sur- 
gery for severe arterial insufficiency. This may be obtained 
even though the A/I does not come within normal range 
(1.e., 21.00). During daytime activities such as sitting and 
quiet walking, the blood flow in the nonischemic forefoot 
is less than in the ischemic forefoot due to the local va- 
soregulatory mechanisms. The postreconstructive hyper- 
emia evaluated by the "Xe clearance technique in the 
subcutaneous tissue in the forefoot is a reflection of the 
normalization of the blood flow pattern and not a true 
hyperemia. 
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NOLVADEX does not have the harsh, 
debilitating side effects associated with 
cytotoxic chemotherapy. And, the efficacy of 
NOLVADEX is established: 

It is first-line hormonal therapy in metastatic 
breast cancer in postmenopausal women. 
NOLVADEX allows women to carry on with 

g their lives. Very simply, that’s the 
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BRIEF SUMMARY 

NOLVADEX:« (tamoxifen citrate) 10 mg tablets 

indications and Usage: NOLVADEX is effective in the treatment of 
metastatic breast cancer in postmenopausal women. Available evi- 
dence indicates that patients whose tumors are estrogen receptor 
positive are more likely to benefit from NOLVADEX therapy. 

NOLVADEX in combination with cytotoxic chemotherapy following 
radica! or modified radical mastectomy is effective in delaying recur 
rence of surgically curable breast cancer in postmenopausa! women or 
women age 50 or older with positive axillary nodes. In the Hubay and 
NSABP B-09 studies most of the benefit to date has been in the sub- 
group with 4 or more positive axillary nodes. The contribution of the 
cytotoxic chemotherapy is uncertain. The estrogen and progesterone 
receptor values may help to predict whether the adjuvant therapy 's 
hkely to be beneficial. 

Contraindications: None known. 

Warnings: Ocular changes have been reported in a few patients who, 
as part of a Clinical trial, were treated for periods greater than one year 
with NOCVADEX at doses at least four times the highest recommended 
day dose of 40 mg. The ocular changes consist of retinopathy and, in 
some patients. there are also corneal changes and a decrease in visual 
acuity. 

in addition. a few cases of ocular changes including visual! distur- 
Dance. corneal changes and/or retinopathy have been reported in 
patients treated with NOLVADEX at recommended doses. It is uncer- 
tain if these effects are due to NOLVADEX. 

As with other additive hormonal therapy (estrogens and androgens). 
nypercaicerma has been reported in some breast cancer patients with 
pone metastases within a few weeks of starting treatment with 
NOLVADEX. ff hypercalcemia does occur, appropriate measures 
should be taken and, if severe, NOLVADEX should be discontinued. 
Precautions: General NOLVADEX shouid be used cautiously in 
patents with existing leukopenia or thrombocytopema. Observations 
of feukopenia and thrombocytopenia occasionally have been made, 
Dut tis uncertain if these effects are due to NOLVADEX therapy. Tran- 
sient decreases in platelet counts, usually to 50.000-100,000/cu mm, 
infrequently lower, have been occasionally reported in patients taking 
NOLVADEX for breast cancer No hemorrhagic tendency has been 
recorded and the platelet counts returned to normal levels even though 
treatment with NOLVADEX continued 

Laboratory Tests. Periodic complete blood counts. including platelet 
counts, may be appropriate 

Carcinogenesis, Mutagenesis, impairment of Fertility: While no con- 
ventional bioassay has been conducted. endocrine changes in 
immature and mature mice were investigated in a 13-month study. Vari- 
ous tumors were found in all treated groups 

No mutagenicity or fertility studies have been conducted 

Pregnancy Category C NOLVADEX has been shown to affect re- 
productive functions in rats when given at dose levels somewhat 
higher than the human dose. In reproductive studies in rats. develop- 
mental changes of the nb were seen There are no adequate and well- 
controlled studies in pregnant women. NOLVADEX shouid be used 
during pregnancy only if the potential benefit justifies the potential risk 
to the fetus 

Nursing Mothers: itis not known whether this drug is excreted in 
human mik. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions in nursing infants 
from NOLVADEX, a decision should be made whether to discontinue 
Nursing or to discontinue the drug. taking into account the importance 
of the drug to the mother. 

Adverse Reactions: The most frequent adverse reactions to 
NOLVADEX are hot flashes, nausea, and vomiting. These may occur in 
wp to one-fourth of patients. bul are rarely severe enough to require 
discontinuation of treatment 

Less frequently reported adverse reactions are vaginal bleeding 
vaginal discharge. menstrual irregularities, and skin rash. Usually 
these have not been of sufficient severity to require dosage reduction 
of discontinuation of treatment 

increased bone and tumor pain. and also local disease tiare have 
occured, which are sometimes associated with a good tumor re- 
sponse. Patients with increased bone pain may require additional 
anaigesics Patients with soft tissue disease may have sudden in- 
creases in the size of preexisting lesions, sometimes associated with 
marked erythema within and surrounding the lesions. and/or the de- 
velopment of new lesions. When they occur, the bone pain or disease 
Hare are seen shortly after starting NOLVADEX and generally subside 
rapidly. 

Other adverse reactions which are seen infrequently are hyper- 
calcema, peripheral edema. distaste for food. pruritus vulvae, 
depression. dizziness, light-headedness. and headache. There have 
been infrequent reports of thromboembolic events occurring during 
NOLVADEX therapy. Since for cancer patients in general, an increased 
incidence of thromboembolic events is known to occur, a Causal rela- 
tionship io NOLVADEX remains conjectural. An increased incidence 
has been reported when cytotoxins are combined with NOLVADEX, 

if adverse reactions are severe. itis sometimes passibie to control 
them by a simple reduction of dosage without loss of contra! of the 
disease. 

Overdosage: Acute overdosage in humans has not been reported. 
Signs observed at the highest doses following studies to determine 
LO, in animals were respiratory difficulties and convulsions. No spe- 
cific treatment for overdosage is known: treatment must be 
symptomatic. 

Dosage and Administration: One or two 10 mg tablets twice a day 
{morning and evening). 

How Supplied: Tablets containing tamoxifen as the citrate in an 
amount equivalent to 10 mg of tarnoxifen (round, biconvex, uncoated. 
white tablet identified with NOLVADEX 600 debossed on one side and 
a Cameo debossed on the other side) are supplied in bottles of 60 
tablets and 250 tablets. Protect from heat and light 
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Continued from page 18A 


A full time attending staff position is available for a board 
eligible/ board certified general surgeon with interest in Surgical 
Critical Care. Time will be equally divided between the surgical 
Intensive Care Unit and one of our General Surgery Services. 
Responsibilities will include supervision of Surgical Critical 
Care fellows and surgical residents in patient care, teaching and 
research. Successful candidate will also be eligible for academic 
appointment at the University of Hlinois College of Medicine. 
To apply, send your current curriculum vitae, or write to 
Samuel K. Appavu, M.D., Chairman, Division of Surgical 
Intensive Care, Cook County Hospital, 1825 West Harrison 
Street, Chicago H. 60612. Phone (312) 633-8502. 





DIRECTOR OF SURGICAL RESIDENCY PROGRAM: 
The Orlando Regional Medical Center has an opening for a 
Director of Surgical Education. O.R.M.C. is a 1035 bed hospi- 
tal and Level I Trauma Center with university affiliation. 
He/she should have academic background, certified in General 
Surgery and at least 5 years practice/teaching experience. Five 
references should accompany application with curriculum 
vitae, Mail to: Harry P. Raymond, M.D., Chairman, Depart- 
ment of Surgery, Orlando Regional Medical Center, 1414 S. 
Kuhl Avenue, Orlando, FL 32806. 





CHAIRPERSON DEPARTMENT OF SURGERY: The Per- 
manente Medical Group is taking applications for the position 
of chairperson for the Department of Surgery at our Oakland 
Medical Center. The Oakland facility is a 330-bed acute care 
teaching hospital with a five-vear general surgery residency 
program. The Surgery Department is composed of seven board 
certified general surgeons; two having completed vascular fel- 
lowships. Interested candidates must be board certified and 
prior experience with resident training programs preferred. 
Please send curriculum vitae to: Richard Brown, M.D., Chair- 
man, Search Committee, Kaiser Permanente Medical Group, 
Inc., 280 W. MacArthur Blyd., Oakland, California 94611. 





INDIANA - Six member multispecialty group serving a central 
Indiana community of 15,000 near Indianapolis seeks addi- 
tional general surgeon. New 88 bed hospital. Excellent 
compensation/benefits package. Send CV: VHA, 1600 
Embassy Square Blvd., Suite 1605, Louisville, KY 40299. 





WEST VIRGINIA - Well equipped 128 bed hospital located 
near Huntington seeks additional general surgeon to establish 
private practice. Crosscoverage. New medical arts complex. 
Complete incentive package. Send CV: VHA, 1600 Embassy 
Square Bivd., Suite 1605, Louisville, KY 40299. 





West Virginia University School of Medicine is seeking a board 
certified surgeon with an established record of scholarly achieve- 
ment to chair its Department of Surgery. A strong commitment 
to excellence in teaching and clinical service also is essential, 
Candidates must have demonstrated leadership and administra- 
tive skills. Qualified applicants should submit their curriculum 
vitae and names and addresses of three references by September 
12, 1986 to Dr. G. Robert Nugent, Professor of Neurosurgery 
and Chairman of the Surgery Search Committee, WVU Medi- 
cal Center, Morgantown, WV 26506. West Virginia University 
is an Affirmative Action/ Equal Opportunity Employer. 
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Surgery as Palliative Treatment for Distant 


Metastases of Melanoma 





ISAAC L. WORNOM III, M.D. 
JUDY W. SMITH, A.R.T. 


SENG-JAW SOONG, PH.D. 


Sixty-five patients with distant metastatic melanoma amenable 
to surgical treatment had excision of 94 metastatic lesions from 
the brain, lung, abdomen, distant subcutaneous sites, and distant 
lymph nodes. Relief of symptoms, if present, was obtained after 
excision of 77% of brain metastases, 100% of lung metastases, 
88% of distant lymph node and subcutaneous metastases, and 
100% of abdominal metastases. Medtan survival after excision 
of brain metastases was 8 months, lung metastases 9 months, 
abdominal metastases 8 months, and distant subcutaneous and 
lymph node metastases 15 months. Sixteen per cent of patients 
lived for 2 years or longer. These results demonstrated that sur- 
gery can achieve an effective local disease control in selected 
patients with distant melanoma metastases and that a few have 
a relatively long-term survival. 


HE TREATMENT PLANNING for melanoma patients 
with distant metastases is difficult since neither 
surgery, radiation therapy, chemotherapy, or im- 

munotherapy alone, nor in combination, leads to consis- 
tent long-term survival. Thus, their treatment at present 
is largely palliative. Because systemic treatment with che- 
motherapy or immunotherapy has been generally inef- 
fective, surgery and sometimes radiation therapy are the 
most useful means to achieve maximum local disease 
control. Careful patient selection is important in this set- 
ting because survival rates are not improved in most pa- 
tients. The potential benefits should outweigh the risks, 
and the cost should be minimized wherever possible. 
Several institutions have reported the results of surgical 
treatment for metastatic melanoma to the brain, lung, 
and other sites,' but only a few have systematically eval- 
uated their surgical results for all sites and none has ad- 
dressed its impact on quality of life and cost-effectiveness. 





This work was supported by grants from the NIH CA27197. 
Reprint requests: Marshall M. Urist, M.D., Department of Surgery, 

University Station, 320 Kracke Building, Birmingham, AL 35294. 
Submitted for publication: January 13, 1986. 
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CHARLES M. BALCH, M.D. 


From the Departments of Surgery and Biostatistics, 
University of Alabama at Birmingham, The Comprehensive 
Cancer Center, and The Veterans Administration 

Medical Center, Birmingham, Alabama 


In this study we examined the efficacy of surgery as pal- 
liative treatment in 65 patients with distant metastatic 
melanoma amenable to surgical excision of 94 metastatic 
lesions from various sites. In patients selected for such an 
approach, quality of life was improved or maintained in 
the vast majority, while a few even lived for more than 2 
years after developing distant metastatic disease. 


Materials and Methods 


The Melanoma Registry comprises over 1100 mela- 
noma patients whose surgical treatment was performed 
at the University of Alabama at Birmingham since 1955. 
All clinical and pathologic data are recorded in a com- 
puterized format. This represents 99% of all surgical pa- 
tients treated for melanoma at this institution during the 
past 20 years. There were 200 patients whose disease pro- 
gressed to nonregional metastatic sites.” Of these, 65 pa- 
tients (32%) had 94 surgical procedures for their metastatic 
disease. These 94 operations were divided into four basic 
categories based on the location of the metastatic lesion 
resected: central nervous system, lung, abdomen, and dis- 
tant subcutaneous tissue and distant lymph nodes. 

Most patients received chemotherapy at some time 
during the course of metastatic disease. Dacarbazine was 
the most commonly used drug, often given in combina- 
tion with other drugs. Some patients were also treated 
with Corynebacterium parvum or BCG immunotherapy 
after the development of their distant disease. Over 90% 
of patients with brain metastases also received cranial ir- 
radiation after operation. 
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TABLE 1, Patient Data and Results of Palliative Surgery for Metastatic Melanoma at Distant Sites 


Median Operative Relief of 
No. Symp- Length of Compi- Recurrence Recurrence Symptoms 
: No. Opera- toms Hospital Stay cations Mortality Recurrence at in That in Other If Present 
Site Patients tions (%) (Range) (%) (%) That Site (%) Organ (%) Organs (%) (%) 
Central nervous 
system 
Brain 17 18 100 16 (9-41) 22 1] 6 66 53 77 
Spinal cord l 1 100 12). * 0 0 0 100 100 
Lung 17 18 11 9 (7-50) 0 0 0 4] 70 100 
Intra-abdominal 5 7 85 9 (7-12) 33 14 , 0 60 i00 100 
Distant lymph 
nodes, skin, 
and SQ 37 50 50 2 (0-20) 15 9 20 27 92 88 


SQ = subcutaneous. 


A description of the University of Alabama Melanoma 
Fegistry and the statistical methods used in this study 
have been published. Survival curves were calculated 
based on the method of Kaplan and Meier’ with the sur- 
v.val rate being computed from the time of diagnosis of 
d-stant metastases. A generalized Wilcoxon test was used 
tc determine whether significant differences existed be- 
tween curves. Chi-square analysis was employed in sta- 
tistical assessment where appropriate. 


Results 
Surgical Treatment 


The 65 patients underwent 94 operations to remove 
distant metastatic disease. The most frequent sites were 
superficial lesions in the skin, subcutaneous tissues or dis- 
tant lymph nodes (50 operations), followed by lung (18), 
brain and spinal cord (19), and intra-abdominal sites (7). 
Results are summarized in Table | and described below 
according to the site of metastases. 


Brain and Spinal Cord 


There were 18 craniotomies in 17 patients with brain 
metastases. Surgery was considered when the patient had 
a suzgically accessible solitary lesion. All the patients had 
sym>toms, headache being the most common presenting 


TABLE 2. Presenting Symptoms of Brain Metastases 


Fo 
Headache 82 
Vision disturbance 36 
Nausea and vomiting 27 
Unsteady gait 18 
Localized weakness 18 
Seizures ‘- 9 
Syncope | 9 


complaint (Table 2). An additional patient had symptoms 
of a spinal cord metastasis. 
The brain metastases were located in the occipital lobe 
(38%), frontal lobe (31%), and parietal lobe (15%). Two 
patients (15%) had two lesions resected in the frontal and 
temporal and parietal and occipital lobes, respectively. 
The length of hospital stay averaged 16 days (range: 9- 
41 days). Four operations were followed by life-threatening 
postoperative complications and two of these patients 
died, for an overall 11% operative mortality. One patient 
developed a wound infection that resolved after a 36-day 
hospital stay but was readmitted 3 days after discharge 
with seizures and subsequently died. The second death 
was after a 34-day hospital stay during which the patient 
required multiple blood transfusions for gastrointestinal 
bleeding. At autopsy, a second metastasis was found in 
the duodenum, which was the source of bleeding. An ad- 
ditional patient developed thrombophlebitis and recov- 
ered after thrombectoniy, while a second patient devel- 
oped a postoperative pulmonary embolus and recovered. 
Symptoms caused by the metastatic brain lesions were 
relieved by surgery after 14 of the 18 operations (77%). 
There was complete relief of symptoms after 12 of the 
operations. There was only partial relief of symptoms after 
two of the operations, with one patient having a persistent 
unsteady gait and a second having a persistent right hom- 
onymous hemianopsia after excision of a right occipital 
metastasis. Two other patients remained ill with persistent 
headaches and neurologic symptoms until death. There 
was a local recurrence in the brain in only one patient, 
but 10 of 15 patients (65%) who survived operation later 
developed metastatic disease elsewhere in the brain. Eight 
of the 15 (53%) patients relapsed at distant sites as well. 
The single patient with a cervical spinal cord lesion was 
treated with a decompressive C-6/T-1 laminectomy and 
excision of a spinal cord metastasis for symptoms of right 
arm pain, weakness, and paresthesia. After a 12-day hos- 
pitalization, the patient was discharged and received ra- 
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diation therapy as an outpatient. He recovered with some 
residual right arm weakness and eventually developed 
metastatic disease elsewhere. 


Lung 


There were 18 thoracotomies in 17 patients with pul- 
monary metastases. Only two patients had symptoms. 
They presented with persistent cough, which was relieved 
in both patients after surgery. The remainder were dis- 
covered on screening chest roentgenogram. 

The average length of hospital stay in these patients 
was 9 days (range: 7-50 days). The patient who required 
a 50-day hospitalization had excision of a primary mel- 
anoma of the face followed by resection of pulmonary 
metastases and a transurethral resection of the prostate. 
There were no complications or deaths related to opera- 
tions for lung metastases. 

Fifteen of the 18 patients had complete resection of 
their metastases. There were no recurrences at the excision 
site. Four patients láter developed metastases at other sites 
in the lung, while 12 developed distant disease elsewhere. 
Three of 18 thordcotomies revealed unresectable meta- 
Static disease. Two patients had diffuse lung involvement 
not seen on chest roentogenogram, and one had unre- 
sectable mediastinal nodes. 


Abdomen 


Seven pee were performed on five patients with 
intra-abdominal metastases. Four of these seven opera- 
tions were performed for mechanical sinall bowel ob- 
struction. One operation was performed to remove an 
intra-abdominal tumor that had regressed significantly 
after chémotherapy. Another operation was performed 
for asyniptomatic bilateral adrenal masses discovered on 
computed tomographic scan during a follow-up exami- 
nation in one of these five patients 1 year after resection 
of a small intestinal metastasis presenting with anemia. 

The median hospital stay was 9 days (range: 7-12 days). 
There were two complications rélated to these operations, 
both of which occurred in the same patient: This patient 
developed pneumonia and atelectasis after excision of an 
intra-abdominal tumor. Nine months later, she was re- 
explored for small bowel obstruction and found to have 
diffuse disease throughout her abdomen. Ah enteroenter- 
ostomy was done to bypass the point of obstruction, and 
she left the hospital but died at home 19 days after op- 
eration. . 

Metastatic disease was controlled at the site of resection 
in all five patients. However, three of the five patients 
later developed diffuse disease elsewhere in the abdomen, 
and all developed disease at other distant sites. All oper- 
ations for small bowel obstruction successfully relieved 
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the symptoms, and the one patient with anemia had res- 
olution of his gastrointestinal bleeding. 


Skin, Subcutaneous, and Lymph Node Metastases 


There were 50 operations performed on 37 patients for 
metastatic disease in the skin, subcutaneous tissues,’ or 
distal lymph nodes. Twenty-five of these 50 lesions (50%) 
were associated with symptoms of pain, itching, burning, 
or bleeding. Most of these lesions (60%) were first discov- 
ered by the patients (who were taught to examine them- 
selves for such lesions). 

The metastatic disease recurred locally at the site of 
resection after ten of 50 operations (20%). Five of these 
recurrences were in one patient who developed multiple 
metastatic lesions in the wound after excision of a right 
thigh metastasis. The disease went on to recur at other 
sites involving the skin, subcutaneous sites, and other dis- 
tant lymph nodes in ten of 37 patients (27%) and even- 
tually develaped at other distant organs in 34 of the 37 
patients (92%). Relief of symptoms was obtained after 22 
of the 25 operations (88%) where this was the primary 
indication for surgery. 

The average length of hospital stay was only 2 days 
(range: 0 to 20 days). There were complications after seven 
of the operations (14%). All of these weré wound com- 
plications, such as seromas and wound infections, that 
resolved uneventfully with outpatient treatment. There 
were no serious complications or mortalities. 


Survival Analysis 


The median survival time for all 65 patients was 14 
months. By comparison, median survival of a separate 
group of patients who did not have surgery because. of the 
location or number of metastases was only 5 months. 

Patients with resection of disease in the brain, lung, 
and abdomen had medián survivals of 8-9 months. There 
were some long-termi survivors with 5-year actuarial sur- 
vival rates of 13% after excision of brain metastases and 
21% for lung metastases (Fig. 1, Table 3). No patients 
lived over 2 years aftér excision of an intra-abdominal 
metastasis. 

Patients with resection of metastases at superficial lo- 
cations (distant lymph nodes, subcutaneous tissue, skin) 
were further subgrouped according to the presence or ab- 
sence of visceral metastases at the time of excision. Those 
patients with combined visceral and resected superficial 
metastases had a median survival of 14 months (Fig. 2, 
Table 3). Patients who had resection of superficial me- 
tastases and no detectable evidence of visceral metastasis 
had a slightly longer median survival of 17 months. The 
2-year survival was 29% for both groups. There were no 
5-year survivors among patients with combined visceral 
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FIG. 1. Survival of patients after surgical treatment of lung, brain, and 
intra-abdominal melanoma metastases. Dashed lines represent survival 
curves after the last death. 


and superficial metastasés, but two patients (14%) without 
visceral disease survived 5 years or more: 

There were occasiondl long-term survivors among our 
patients. One patient had a left inguinal lymphadenec- 
tomy for metastatic disease from a melanoma of the con- 
tralateral leg and is currently alive and well 16 years later. 
A second patient is alive and well 9 years after excision 
of an isolated metastasis in the brain. A third patient had 
excision of disease in his brain, lung, and GI tract over a 
10-year period before dying of diffuse disease. 


Discussion 
These results demonstrate that, in sélected patients, 
surgery can be an effective and safe palliative treatment 


for distant melanoma metastases. In all anatomic regions 
a high percentage of patients with symptoms had relief of 


TABLE 3. Survival of Patients Undergoing Palliative Surgery for 
l Metastatic Melanoma at Distani Sites 


Actuarial Survival 


i ; Rates (%) 
No. of Median E 
Site Patients Survival* 2-Year 5-Year 
3rain 17 8 mo 13 13 
~UNg 17 9 mo 2! 21 
-ntra-abdominal . 5 8 mo 0 0: 
subcutanéous, distant 
lymph nodes plus 
visceral sites 24 14 mo 29 0 
Distant lymph nodes, 
skin, and SQ only 13 17 mo 29 14 


SQ = subcutaneous. 


fy 


* p = 0.09 comparing overall survival for patients with metastases at 
visceral sites vs. distant lymph nodes, skin, and SQ. 
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Fic. 2. Survival of melenoma patients after surgical therapy for metastases 


at distant lymph node, skin, and subcutaneous (SQ) sites. Patients with 
additional visceral metastases had a poorer survival. 


their symptoms after surgical removal of the metastatic 
lesion. Our data on length of hospital stay and compli- 
cations of operation suggest that these operations can be 


_ carried out with acceptable morbidity and cost-effective- 


ness. ! 

Only craniotomy for metastatic brain disease led to any 
major life-threatening complications (22% of patients) and 
mortality (11% of patients). This is similar to an operative 
mortality rate of 9.5% in Fell’s series of 42 patients who 
underwent excision of brain metastases of melanoma at 
the M. D. Anderson Hospital and Tumor Institute.* Our 
87% of patients with brain metastases who had relief of 
symptoms after surgery is similar to Fell’s 87% of patients 
who had neurologic improvement.’ Other authors!!! 
have noted similar rates of effective palliation and mor- 
tality as well as occasional long-term survivals'*!? after 
excision of brain metastases. 

Only two patients who underwent thoracotomy for re- 
moval of lung lesions had symptoms. This emphasizes 
the value of routine chest radiographs in the follow-up of 
patients with primary melanoma. Mathisen and Calan 
have noted the importance of finding primary lung car- 
cinoma or benign disease at thoracotomy in patients with 
ling lesions who have had a previous melanoma." In 
Mathisen’s series, one third of patients were found to have 
nonmalignant disease.’ Indeed, there have been several 
patients iù our experience who underwent thoracotomy 
for suspected metastatic melanoma and were found to 
have benign disease or a peripherally located primary lung 
carcinoma. The uncertainty of diagnosis is perhaps one 
of the most important reasons to excise solitary pulmonary 
nodules in patients with known melanoma. At present, 
patients who develop a solitary pulmonary nodule are 
followed for 1-3 months with serial chest roentgenograms 
to determine the growth rate of the tumor and whether 
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other metastatic lesions will develop. Should the nodule 
remain solitary, a thoracotomy is performed. 

Operation for metastatic disease in the abdomen should 
be undertaken for specific life-threatening conditions, such 
as small bowel obstruction or anemia. Our experience is 
similar to that of Das Gupta, Fraser, and Goodman, who 
found that long-term survival after'excision of gastroin- 
testinal metastases is very low.”!*!> However, palliation 
of symptoms from bowel obstruction or persistent gas- 
trointestinal blood loss can be achieved with surgical in- 
tervention. l | 

The effect of surgery on survival in these patients is 
dificult to analyze without simultaneous controls. We 
previously showed that the three prognostic factors influ- 
encing survival in patients with the distant metastatic dis- 
ease were: (1) the number of metastatic sites (1 vs. 2 vs. 
3), (2) the remission duration, and (3) the location of the 
metastasis (visceral vs. nonvisceral). By virtue of patient 
selection, almost all of our patients initially had disease 
in one site, and frequently that disease was a solitary me- 
tastasis. Therefore, these patients had a better prognosis 
prior to their surgical treatment than those with multiple 
metastatic sites. Nonetheless, the occasional long-term 
survivors show that some patients benefited from surgery 
with ‘substantial prolongation of life (>2 years). 

' Almost all of these patients eventually died of metastatic 
disease. The survival rates in our patients were generally 
shorter than those reported from the M. D. Anderson 
Hospital and Tumor Institute. For resection of brain 
metastases, they reported a median survival of 15 months® 
compared to 8 months in our series. For lung metastases, 
they reported a median survival of 16 months® as com- 
pared to 9 months in our series. For patients with distant 
lymph node and subcutaneous disease, their median sur- 
vival was 23 months! compared to 15 months in our series. 

Surgery is seldom the final answer in the treatment of 
distant melanoma metastases. Until better systemic treat- 
ments are developed, surgery can aid in the management 
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of these patients through relief of symptoms and local 
control of the metastatic disease. In occasional patients, 
long-term survival can occur. 
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Closure of the Urinary Bladder with — 
Steel and Absorbable Staples 





THOMAS B. JULIAN, M.D. MARK M. RAVITCH, M.D. 


Stapling is widely accepted in the field of pulmonary and gas- 
trointestinal surgery. However, this has not been the case in 
urinary tract surgery, presumably because of the possibility of 
stone formation on the staples. In addressing the issue, both 
stainless steel staples and absorbable staples (Polysorb™) were 
evaluated in 104 linear stapled closures of dog bladders. The 
mucosa to mucosa closures were performed in bladders with 
sterile, acutely infected, and chronically infected urine. Staple 
lines were resected and examined both grossly. and microscopi- 
cally at periods from 1 week to 4 months after the closures. No 
animal suffered a clinical leak or abscess formation. Four steel 
closures developed exposed staples, one of which developed a 
small amount of crystal formation. Twenty-nine absorbable clo- 
sures contained exposed staples in which two closures developed 
crystal formation. All closures were secure’and healed without 
difficulty. It appears that closure of the bladder with stainless 
er absorbable staples is safe and effective. 


HERE HAS BEEN wide use of the automatic stapling 
device in the fields of pulmonary and gastroin- 
testinal surgery.' However, metal staples have 

yet to be adopted in urinary tract surgery. As is the case 
with nonabsorbable sutures, ’~!? it was assumed that metal 
staples would act as foreign bodies and stimulate stone 
formation. There have been several reports, by Assadnia,!° 
Eergman,'* Bisson,!* and Heney’® noting stone formation 
on steel staples in ileal loops. The highest incidence was 
in Heney’s series!® of 41 patients four of whom passed 
stone with embedded staples (Fig. 1). It appears that this 
is associated with stasis, preventable in a properly con- 
structed pouch, chronic infection, and acid urine but is 
only a minor complication since the stones are away from 


Stainless steel Polysorb™ staples were supplied by United States Sur- 
gical Corporation. 

Reprint requests: Thomas B. Julian, M.D., 3459 Fifth Avenue, Pitts- 
buzgh, PA 15213. 

Submitted for publication: March 6, 1986. 


From the Department of Surgery, Montefiore Hospital, 
University of Pittsburgh, School of Medicine, 
Pittsburgh, Pennsylvania 


the ureters and can be directly removed. With properly 
made loops, the incidence is low.'”"!8 

The present study was originally undertaken to evaluate 
absorbable staples under the impression that steel staples 
placed through and through in mucosa-to-mucosa bladder 
closures would necessarily invite stone formation. The 
review of the literature in preparation for the design of 
the protocol reminded us of the study of Healey and War- 
ren with the use of steel staples in mucosa-to-mucosa clo- 
sure of the bladder. Healy and Warren” resected and 
closed bladders with stainless steel staples in 12 dogs fol- 
lowed for 9 months. During that period, no stones were 
found nor were any staples expelled. 

The new absorbable Polysorb™ staple is a polymer 
(Lactomer™) of glycolic and lactic acids. In vivo, the co- 
polymer undergoes breakdown by hydrolysis to water and 
carbon dioxide. The formulation of the Lactomer for this 
study was one of several made to determine the effective 
life of the staple in tissue. The Polysorb staple is composed. 
of a perforated retainer bar that accepts the barbed fastener 
on each staple prong and has a built-in spacer to control 
the compression of the stapled tissue (Fig. 2). 


Methods 


Female mongrel dogs were divided into three groups: 
(1) noninfected urinary bladders (48), (2) acutely infected 
urinary bladders (28), and (3) chronically infected urinary 
bladders (28). In each of these groups, half of the animals 
had stainless steel staple (TA 55™) closed bladder resec- 
tions and half had absorbable staple (Polysorb 55™) 
closed bladder resections. The Polysorb 55 staple fits Pre- 
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FIG. 1, Stone with the embedded staple removed endoscopically from 
an ileal loop for urinary diversion (courtesy of F. W. Schwentker). The 
incidence of such stones varies widely in incividual reports and is probably 
chiefly dependent on the free drainage or stasis of urine in the ileal loop. 
In any case, the stapled suture line is not near the ureteral stoma and is 
not dangerous. The stone is readily removed, as it was in this instance. 





Fic. 2. A Polysorb™ staple is shown in its component parts. A. A barbed 
fastener with spacer (arrow), B. Retainer; the total width of the retainer 
is the height of the staple closed. 
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Fic. 3A. Polvsorb 55™ cartridge. 


mium TA 55 stapling instruments (Figs. 3A—C). Jn vivo, 
the copolymer is hydrolyzed back to lactic acid and gly- 
colic acid and then broken down into carbon dioxide and 
water. All animals had preoperative urine cultures, and 
only dogs with initially noninfected urine samples were 
entered into the study. All animals underwent a preop- 
erative, a 1-week postoperative, and a preresection cys- 
tography as well as a urine culture before they were killed. 
Each was anesthetized with Innovar® and prepped with 
Betadine®. The bladder was exposed through a midline 
incision. The dome of the bladder was grasped with Bab- 
cock clamps, the TA 55 device applied across the dome 
and fired (Fig. 4), delivering either a double staggered row 
of 3.5 mm stainless steel staples (Fig. 5A) or a double 
Staggered row of Polysorb 55 staples (Fig. 5B). The dome 
was then resected on the edge of the still applied stapler. 
The closures were thus all mucosa to mucosa. 





FIG. 3B. Pelysorb 55™ staples—Top view with bridging connections 
depicted by white arrows. 
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Fic. 3C. Polysorb 55™ staples—side view. 


At |, 2, 3, and 4 weeks and thereafter monthly for 4 
months, the suture lines were resected beyond a new staple 
line | cm behind the prior one. All resected suture lines 
were immediately visually inspected under a 2.5 power 
dissecting microscope for exposed staples, stone/crystal 
formation, and healing of the closure. Each of the stainless 
steel suture lines was examined radiographically after re- 
section, and the number of staples counted. The Polysorb 
55 staples are radiolucent. Each resected specimen was 
then fixed in formalin and studied histologically, 

Urinary infections were produced by cystoscopic 
placement into the bladder of a | cm X I cm X 0.2 cm 
piece of sterile foam rubber sponge. Before the cystoscope 
was withdrawn, the bladder was inoculated with 5 ml of 
a 24-hour old broth culture of Morganelli Morgann con- 
taining 10° organism/ml. Animals in the acutely infected 





Fic. 4. TA-55'™ Stapler applied across bladder. At intervals, as stated 
in the protocol, the stapler is reapplied behind the old staple line, which 
is excised for study, the new staple line eventually being harvested in its 
turn. 
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Fic. 5A. Stainless steel closure with external scarcely visible steel staples. 


groups were operated on immediately after inoculation. 
Dogs in the chronically infected groups were operated on 
at least 1 week after inoculation. 


Results 


After operation, all dogs survived until they were killed, 
at intervals up to 4 months. No evidence of bladder leak 
or abscess formation was found at reoperation or at au- 
topsy in any dog. In one animal of the acutely infected 
group with a stainless steel closure, a small leak was iden- 
tified by cystography at | week. However, the animal had 
no clinical signs of a leak or abscess formation. At autopsy, 
no intra-abdominal fluid or abscess was found. Exami- 
nation of the external portion of the suture line showed 
only a small hematoma without exposed staples or sinus 
tract to the peritoneal cavity. No staples were found to 





FiG. 5B. Polysorb 55™ closure with grossly visible staple assemblies. 
However, each type of closure is mucosa to mucosa. 
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Fic. 6A. Postoperative radiograph showing intact TA 55™ stainless steel 
line (arrows). 


be exposed on the mucosal surface, and all staples were 
accounted for. 

In all three stainless steel groups, the staples were 
counted at the time of operation on the postoperative 
cystogram (Fig. 6) and on the radiograph of the specimen 
(Fig. 7). All stainless steel staples were accounted for, and 
none had been expelled (Table 1). 

The number of exposed staples and the presence of 
crystal formation varied in each group. In the stainless 
steel series, two dogs with noninfected urine were found 
to have a total of four staples exposed to view on the 
mucosal surface. Of these four staples, only one had a 
minute amount of crystal formation (Fig. 8). Two dogs 
in the acutely infected group had one exposed staple each, 
but no crystal formation. No animal in the chronically 





Fic. 6B. Postoperative cystogram showing intact stainless steel staple 
» line (arrows). 
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Fic. 7. In each dog the steel staples were counted in the bladder at the 
time of operation, in a postoperative roentgenogram, and in a radiograph 
(above) of each specimen. In no instance was a single s:aple discharged. 


infected group had exposed steel staples. In the absorbable 
staple animals, 12 of the noninfected dogs had 26 exposed 
staples at intervals of 3 weeks to 4 months after operation, 
seven of the acutely infected dogs had 20 exposed staples 
from 2 weeks to 4 months after operation, and 10 chron- 
ically infected dogs had 14 exposed staples from | week 
to 4 months after operation (Fig. 9). Two dogs of the 
seven in the acutely infected group had the only crystal 
formation with the absorbable staples (Table 2). Two of 
the dogs in the infected series, with stainless steel closures, 
were maintained for 6 months. At autopsy, no exposed 
staples were found, and all staples were accounted for. 
The line of incision in the bladder was ccvered by con- 
tinuous mucosa, and no crystals or stones were produced. 
All crystal formations were analyzed and the crystals 
found to be struvite. Thus four of 52 bladder closures 
with steel staples showed one or two staples visible from 
the mucosa, and one of these showed crystal formation. 
Twenty-nine of 52 bladder closures with absorbable staples 
showed a total of 60 visible staples, and there was crystal 
formation on two of the staples. 

In all groups, inspection under the dissecting micro- 
scope at between | and 2 months showed a well healed 
suture line without furrowing of the mucosa (Fig. 10). 


TABLE |. Mortality and Morbidity of Stapled Bladder Closures 


Abscess Leak Death 
Noninfected Stainless steel staples (24) Q 0 0 
Absorbable (24) 0 0 0 
Acutely Stainless steel staples (14) 0 l 0 
infected Absorbable staples (14) 0 Q 0 
Chronically Stainless steel staples (14) 0 0 0 
infected Absorbable staples (14) 0 Q 0 
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cG. 8. A stainless steel closure with two steel staples exposed (arrows). 
No stone formation was noted in any steel closure, and no staples were 
expelled. 


Only three of the 48 noninfected dogs developed urinary 
tract infections. All 56 of the acutely and chronically in- 
fected dogs remained infected for the duration of the ex- 
periment. 

Histologic specimens were graded on several charac- 
teristics: (1) inflammatory cell response around staples— 
minimal, moderate, or severe—and (2) mucosal closure— 
no cleft, moderate cleft, or deep cleft. 

In the stainless steel closures of bladders uninfected, 
acutely infected, or chronically infected, there was no dif- 
ference in the inflammatory response of the mucosa-to- 
mucosa closure. Usually in the first 4 weeks, there was 
mild to moderate inflammation. After | month, only oc- 
casional polymorphonuclear leukocytes could be found 





Fic. 9. Mucosal view of a closure with an exposed Polysorb™ staple. 
Twenty-nine closures contained exposed staples, which were due to ne- 
crosis through to the mucosa. 
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TABLE 2. Exposed Staples and Crystal Formation*™ 








Number Number Number 
of Dogs of Dogs of Dogs 
with Exposed with Crystal with Stone 

Staples Formation Formation 








Stainless steel 


staples 
Noninfected 2 i 0 
Acutely infected 2 0 0 
Chronically 

infected 0 Q 0 


Absorbable staples 


Noninfected 12 0 0 
Acutely infected F; 2 0 
Chronically 

infected 10 9 0 
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* No steel staples were discharged. The “exposed” absorbable staples 
were often obviously at the point of being discharged into the lumen of 
the bladder. 


around staple holes. Mucosal healing was usually complete 
between | and 2 months, as determined by an absent or 
shallow mucosal cleft. Tissue response was similar for the 
absorbable stapled closures despite the larger diameter of 
the two staple posts and the compression mechanism of 
closure. 


Discussion 


The use of mechanical stapling has reduced operating 
time and improved results in both general and thoracic 
surgery. Stapled excision and closure mucosa to mucosa 
of a portion of bladder in the dog proved rapid, easy, and 
secure without exception in 103 closures. Stone formation 
on nonabsorbable sutures was described as early as 1955 
by Levack? and undoubtedly noted earlier by others. Ka- 


Fic. 10A. A healed stainless steel bladder closure (between arrows). 
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FIG. 10B. A healed Polysorb™ bladder closure (between arrows). 


~ minski,§ Morrow, !! and Yudofsky!* found that stone for- 
mation occurred on all types of suture. 

In this series, steel staples were visible and at risk for 
stone formation in four closures out of $2. In one of these, 
struvite crystals were seen (1.9%). Although more staple 
lines (7.7%) had one or more visible Staples than in Heal- 
ey’s series,” a larger number of closures was performed 
in this series, and infections were deliberately produced 
in 28 of the dogs. One animal had a subclinical leak but 
developed no complications. In contrast, 3.8% of the ab- 
sorbable staple closures developed crystals, while 55.8% 
had exposed staples on the mucosal surface. 

In four closures, steel staples were visible, a single staple 
at the end of 3 weeks, three staples in a second closure at 
the end of 4 weeks, and a Staple in each of two closures 
both at the end of 2 months. No staples came loose or 
were discharged. The reason for the mucosal exposure of 
staples is not certain, but there was no associated clinical 
leak or infection, and on Only one was there any crystal 
formation. 

Of the Polysorb stapled closures, 29 were found to have 
larger or smaller portions of the Polysorb staple at 1 week 
to 4 months discharging into the lumen. The presence of 
such a large number of migrating staples is perhaps of as 
much interest as the question of stone formation since it 
involves the principle of staple closure. Absorbable Staples 
were found at various stages of resorption throughout the 
Study, but no staples were found to be completely reab- 
sorbed. Those staples that were exposed were sometimes 
found whole or with portions of fastener and retainer 
missing, but no free portions were found in the open 
bladder, indicating either dissolution in the urine or pas- 
sage through the urethra. Since the time of Hultl, staples 
have been closed in a “B” shape, and, like others, we have 
_ Stressed the nonstrangulating nature of such a staple clo- 
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FIG. 11. The rigid form of the Polysorb™ s-aple. 


sure. The Polysorb staple, given the rigidity of the elas- 
tomer, has had to be made on a different principle (Fig. 
11). The discharge into the bladder of staples placed ex- 
ternally on an everted closure must mean that the fasten- 
ing bar of the Polysorb staple necroses the compressed 
tissues but, like the Dupuytren or Mikulicz spur crusher, 
at a rate slow enough to permit secure healing of the tissue. 
Since some of the Polysorb staples were discharged still 
closed, the tissues enclosed by them must all have 
sloughed. In any case, the life in tissue of the experimental 
polymer used in these studies is substantially longer than 
is required. Absorbable staples have been used experi- 
mentally in bowel and vagina, and clinically as well.2°”! 


Summary 


In experiments designed to test the risx of stone for- 
mation with absorbable and steel staples in mucosa-to- 
mucosa bladder closures in sterile, acutely infected, and 
chronically infected bladders: (1) all closures were secure 
and healed without clinical evidence of a leak; (2) steel 
Staples rarely surfaced to offer a potential site for stone 
formation; (3) Lactomer staples, of the experimental for- 
mulation employed, survived long enough to slough into 
the lumen of the bladder and invited deposition of stone 
crystals; (4) the safety and effectiveness of the bar-closed 
Lactomer staple is of interest. 
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Triple-action inhibition of pain. 
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MOST COMMON GI SIDE EFFECTS 


GI DISTRESS 


DYSPEPSIA 


NAUSEA 


DIARRHEA/LOOSE STOOL 





, E SHORT-TERM [] LONG-TERM 100 


Side effects occurring in 3%-9% of patients in 
long-term studies include: abdominal pain, con- 
stipation, vomiting, and flatulence. 

Peptic ulceration and GI bleeding have been re- 
ported in approximately 1% of patients receiving 
SUPROL (suprofen) capsules. 

In long-term studies approximately 20% of the 
patients were discontinued due to adverse 
reactions. 


EFFECTS ON MAJOR ORGANS 


In long-term studies, the incidence of elevated 
liver enzyme levels for SUPROL was approxi- 
mately 1%. In all cases, the elevations were not of 
a serious nature and disappeared promptly upon 
discontinuation of SUPROL. 

Acute flank pain associated with renal insuffi- 
ciency has been reported. As with other nonste- 
roidal analgesics, SUPROL should be given under 
close supervision to patients with renal or hepatic 
impairment or with a history of upper GI tract 
disease. 


PAIN FROM 
COMMON STRAINS 
AND SPRAINS 


PAIN FROM 
BACK SPRAIN 





POSTOP PAIN 


PAIN OF 


OSTEOARTHRITIS 


SUPROL"* (suproten) 200-mg Capsules 
The following is a brief summary only. Before prescrib- 
ing, see complete prescribing information in SUPROL 
product labeling. 
Contraindications: SUPROL should not be used in patients 
who have previously exhibited intolerance to the drug As with 
other nonsteroidal anti-inflammatory drugs. SUPROL should 
not be given to patients in whom aspirin and/or other nonste- 
roda! anti-intlammatory drugs induce bronchospasm, rhini- 
ts, urticaria or other sensitivity reactions Rare anaphylactic 
reactions to suprofen have been reported, although the asp: 
rin sensitivity history of the patients is unknown 
Warnings: There have been reports of the abrupt onset of 
flank pain associated with generally reversible renal insuffi 
ciency. sometimes with abnormal urinary sediment, in pa 
tients who have taken as few as one to two doses of SUPROL 
(suproten) It flank pain occurs. SUPROL should be discantin- 
ued and rena! function monitored 

SUPROL (suprofen) should be given under close supervi- 
sion to patients with a history of upper gastrointestinal tract 
disease and only after consulting the ADVERSE REACTIONS 
section Peptic ulceration and/or gastrointestinal bleeding 
have been reported in 1% of patients receiving SUPROL Cap 
sules at 800- 1600 mg/day 
Precautions: General: Renal Toxicity As with other non 
steroidal ants-inflammatory drugs (NSAID's). long-term 
administration of suprofen to animals has resulted in renal 
papillary necrosis and other abnormal renal pathology In hu 
mans. there have been reports of acute nephntis with hema- 
tuna proteinuna and occas« nally nephrotic synarome 

Another form of renal toxicity has been seen in patients with 
prerenal conditions leading to a reduction in renal blood flow 
or blood volume. where the renal prostaglandins have a sup 
portive role in the maintenance of renal perfusion In these pa 
tients administration of an NSAID may cause a dose- 
dependent reduction in prostaglandin formation and may pre 
cipitate overt renal decompensation Patients at greatest risk 
of this reaction are those with hear failure, liver dysfunction 
those taking diuretics, and the elderly Discontinuation ot 
NSAID therapy 1s typically followed by recovery to the pre- 
treatment State 

Since SUPROL and its metabolites are eliminated primarily 
by the kidneys patients with impaired renal function should 
be closely monitored. and it should be anticipated that they 
will require lower doses 
Anemia In long-term studies. decreases in hemoglobin and 
hematocrit have been reported in patients taking SUPROL 
Appropriate tests should be performed if signs or symptoms 
f anemia are evident 
Liver Chemistry Abnormalities As with other nonsteroidal 
inti-inflammatory drugs borderline elevations of one or more 
iver tests may occur in up to 15% of patients These abnor 
malities may progress, may remain essentially unchanged, or 
may be transient with continued therapy The SGPT (ALT) test 
s probably the most sensitive indicator of liver dysfunction 
Meaninaful (three times the upper limit of normal) elevations 
of SGPT or SGOT (AST) occurred in controlled clinical tnals 
in approximately 1% of patients A patient with symptoms and 
or SIGNS Suggesting liver dysfunction, or in whom an abnorma 
liver lest has occurred, should be evaluated for evidence of 
the development of more severe hepatic reactions while on 
therapy with SUPROL Severe hepatic reactions, including 
jaundice have been reported with SUPROL as well as with 
ther nonsteroidal anti-intlammatory drugs Although such re 
actions are rare, if abnormal liver tests persist or worsen, if 
clinical siqns and symptoms consistent with liver disease de 
velop. or if systemic manifestations occur (e g , eosinophilia 
rash, etc ) SUPROL should be discontinued. since liver re 
actions can be fatal 
Penpheral Edema Peripheral edema has been observed in 
5% of patients receiving long-term therapy Theretore 
SUPROL should be used with caution in patients with fluid re- 
tention heart failure or hypertension 
Ophthalmic Symptoms -- Ophthalmologic examinations per- 
formed on long-term patients both prior to initiation and after 
discontinuation of therapy failed to show any drug-related eye 
changes Three to 9% of patients reported changes in visual 
acuity. however and because of reports of adverse eye find- 
Ings in animals,1e . attenuated retinal vasculature, retinal de 
generation and cortical opacities in rats treated with 25 or 35 
mg/kg/day (approximately the human dose) for 24 months 
(life-time treatment), it ıs recommended that patients who de- 
velop visual complaints during treatment with SUPROL have 
an ophthalmologic evaluation 








Drug Inter- 
actions: A 
though supro 
fen is highly 
protein bound 
(see CLINI- 
CAL PHAR 
MACOLOGY) 
mn vitro stud 
ies have 
shown that 
SUPROL does 
not displace phenytoin, war 
farin or tolbutamide from their plasma 
protein-binding sites As a result, the concomitant adminis- 
tration of SUPROL (suprofen) with highly protein-bound 
weakly acidic therapeutic agents would not be expected to in- 
fluence the efficacy or safety of these compounds. However 
as prostaglandins are directly involved in the regulatory 
mechanisms of hemostasis and glucose metabolism, pa- 
tents on anticoagulant or h pog! cemic therapy should be 
carefully observed while on ŠUP dL as with other nonsterot- 
dal antiinflammatory drugs 

Patients taking diuretics are at greater risk of developing 
renal failure secondary to a decrease in renal blood flow 
caused by prostaglandin inhibition by nonsteroidal anti- 
inflammatory drugs, including suprofen (See PRECAU- 
TIONS — General ) 

Drug/Laboratory Test Interactions: The drug has been 
shown to inhibit platelet aggregation and prolong template 
bleeding time in vivo, but the platelet function begins to nor- 
malize within 4 hours after dosing and approaches normal 
within 24 hours after the last dose of SUPROL Therefore, pa- 
tients who are taking anticoagulant therapy should be care- 
fully observed while SUPROL is administered 

Carcinogenesis, Mutagenesis, Impairment of Fertility: 
Iwo 2-year Studies in rats and an 18 month study in mice were 
performed to evaluate the carcinogenic potential of the drug 
The inital rat study had inadequate survival In mice, an in 
creased incidence of benign liver tumors occurred in females 
at a dose of 40 mg/kg/day (approximately three times the hu- 
man dose) Treated male mice (doses of 2.5, 10, and 40 mq/ 
kg/day) also had an increased incidence of hepatomas (not 
dose related) when compared to control animals. No evı- 
dence of carcinogenicity was found in doses as high as 40 
mg/kg/day in the rat and mouse Based on a battery of mu- 
tagenicity tests (Ames, Micronucleus and dominant lethal) su- 
profen does not appear to have mutagenic potential 

Reproductive studies in rats at a dose of up to 40 mg/kg 
day (approximately three times the human dose) revealed no 
impairment of fertility and only slight reductions of fertility at 
doses of 80 mg/kg/day (approximately 6 times the clinical 
dose) However, testicular atrophy/nypoplasia was observed 
in a Six-month dog study (at 80 mg/kg/day) and a 12-month 
rat study (at 40 mg/kg/day) 

Teratogenic Effects: Pregnancy Category B Reproduc- 
live studies have been performed in rabbits at doses up to 
200 mg/kg/day (approximately 15 times the human dose) and 
in rats at doses up to 80 mg/kg/day (approximately six times 
the human dose) In rats, doses of 40 mg/kg/day and above 
and in rabbits, doses of 80 mg/kg/day and above, resulted in 
an increased incidence of fetal resorption associated with 
maternal toxicity There was an increase in stillbirths and a de- 
crease in postnatal survival in pregnant rats treated with su- 
profen at 2 5 mg/kg/day and above As with other drugs 
known to inhibit prostaglandin synthesis, an increased inci- 
dence of delayed parturition occurred in rats As there are no 
adequate and well-controlled studies in pregnant women, this 
drug should be used during pregnancy only if clearly needed 
Because of the known effect of drugs of this class on the fetal 
cardiovascular system (closure of ductus arteriosus), use 
during late pregnancy should be avoided 

Nursing Mothers: The excretion of SUPROL in milk after a 
single dose to nursing mothers has been measured Peak 
concentrations of SUPROL in milk, 0.12 to 0.23 mcg/ml at one 
to two hours. were approximately 1% of the peak plasma con 
centrations and fell to 0 024-0107 mcg/ml four hours after 
drug administration 

The maximum total daily exposure of a nursing intant to 
SUPROL (assuming nursing at time of peak concentration) 
was Calculated trom this study to be 0 03-0 06 mg/kg/day 
which represents 0 015% to 0 03% of the usual daily adult 
dose Caution is advised in the use of SUPROL in nursing 
women since the safety of SUPROL in human neonates has 
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not been established 


Pediatric Use: Safety and effectiveness in children have 
not been established 


Adverse Reactions: Those adverse reactions listed below 
were reported in controlled clinical trials in over 800 patients 
who received treatment in studies for one week or longer, of 
whom 537 were treated for at least three months, 331 treated 
for at least six months, and 103 for at least one year 

Gastrointestinal symptoms were the most frequently re- 
ported adverse experiences, ranging from 10 to 20%, in 
SUPROL long-term studies (see below) 

Fifteen to 20% of patients dropped out of long-term studies 
bDecause of adverse effects 

The incidence of adverse reactions in approximately 2,000 
patients receiving short-term therapy for mild to moderate 
pain or dysmenorrhea was, in nearly all cases, lower than 
thase listed below 


Incidence Greater Than 1%— Gastrointestinal The most 
frequent adverse reaction occurring with SUPROL adminis- 
tration was nausea which occurred in about 15% of the pa- 
lents Reported less frequently were Dyspepsia, 13%, loose 
stools/diarrhea, 10%, gastrointestinal distress,” abdominal 
pain.* constipation,” vomiting,” flatulence," gastrointestinal 
bleeding, stomatitis, and other bowel changes 

Central Nervous System. Headache," dizziness,* seda- 
tron.“ mood changes,” sleep disturbances,” and paresthesia 

Body as a Whole Pain* and asthenia 

Cardiovascular/Respiratory. Edema," congestion (upper 
respiratory),” hypertension and palpitation s 

Dermatological Dermatitis,” pruritus,” and skin irritation 

Hematologic Purpura and bleeding 

Genitourinary: Urinary frequency, dysuria, and pyuria 

Musculoskeletal Muscle cramps," bursitis 

Special Senses: Changes in vision, conjunctivitis, and 
unnitus 

“Reactions occurring in 3% to 9% of patients treated with 
SUPROL Reactions occurring in fewer than 3% of the patients 
are unmarked 


Incidence Less Than 1% (Causal Relationship Proba- 
bie)— The following adverse reactions, some of which have 
been reported during post-marketing use abroad, occurred 
less frequently than 1 in 100 The probability exists that there 
is a Causal relationship between SUPROL and these adverse 
reactions 

Body as a Whole. Acute allergic reactions with dyspnea 
and epigiottal and/or laryngeal edema, anemia 

Gastrointestinal Peptic ulcers, gastroenteritis 

Cardiovascular. Epistaxis 

Dermatologic. Rash 

Central Nervous System. Appetite changes 

Urogenital; Acute nephritis, acute flank pain with renal in- 
sufficiency (see WARNINGS) 


Incidence Less Than 1% (Causal Relationship Un- 
known)— Other adverse reactions reported during clinical 
tnals or post-marketing use with a frequency of less than 1 ın 
100, but under circumstances in which a causal relationship 
between SUPROL and the reaction could not be determined 
These rarely reported reactions are being listed as alerting in- 
formation for the physician since the possibility of a causal re- 
lationship cannot be excluded 

Gastrointestinal Jaundice 

Cardiovascular/Respiratory. Tachycardia 

Hematological, Thrombocytopenia. acute hemolytic ane- 
mia leukopenia 

Genitourinary: Lime green urine 

Full directions for use should be read before admin- 
istering or prescribing. For information on symptoms and 
treatment of overdosage, see full prescribing information 
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Reference: 1. Capetola RJ, McGuire JL, Rosenthale ME In- 
troduction to the pharmacology of suprofen Pharmacology 
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INTRAVENOUS 


AXIN 


Imipenem-Cilastatin Sodium|MSD) 


For presumptive therapy 
in certain seriously ill patients with: 
Infections of unknown etiology _ 





PRIMAXIN is highly effective for infections caused by indicated bacteria in most body sites: 
lower respiratory tract, urinary tract, skin and skin-structure, intraabdominal, gynecologic, 
and bone and joint infections, bacterial septicemia, and endocarditis. 


PRIMAXIN is not active against chlamydiae and Pseudomonas maltophilia, some strains of 
Pseudomonas cepacia, many strains of methicillin-resistant staphylococci, Streptococcus 
faecium, some strains of anaerobic corynebacteria, and some strains of Flavobacterium. 
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PRIMAXIN is contraindicated in patients who have shown hypersensitivity to any component 
of this product. Before initiating therapy with PRIMAXIN, careful inquiry should be made con- 
cerning previous hypersensitivity reactions to penicillins, cephalosporins, other beta-lactams, 
and other allergens. If an allergic reaction to PRIMAXIN occurs, discontinue the drug. 

Serious hypersensitivity reactions may require epinephrine and other emergency measures. 


In vitro susceptibility does not necessarily imply in vivo effectiveness. 
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Copyright © 1986 by Merck & Co., INc. 
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(Imipenem-Cilastatin Sodium|MSD) 
THE BROADEST SPECTRUM 





Contraindications: PRIMAXIN is contraindicated in patients who have shown 
hypersensitivity to any component of this product. 


te) REACTIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH 
BETA LACTAMS. THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS 
WITH A HISTORY OF SENSITIVITY TO MULTIPLE ALLERGENS. 

THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY 
REACTIONS WHEN TREATED WITH ANOTHER BETA LACTAM. BEFORE INITIATING 
THERAPY WITH PRIMAXIN, CAREFUL INQUIRY SHOULD BE MADE CONCERNING 
PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS. CEPHALOSPORINS, 
OTHER BETA LACTAMS, AND OTHER ALLERGENS. IF AN ALLERGIC REACTION TO 
PRIMAXIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis has been reported with virtually all antibiotics, including 
PRIMAXIN: therefore it is important to consider its diagnosis in patients who 
develop diarrhea in association with antibiotic use. This colitis may range in 
Severity from mild to life threatening. 

Mild cases of pseudomembranous colitis may respond to drug discontinuance 
alone. In more severe cases, management may include sigmoidoscopy, appropriate 
bacteriological studies, fluid, electrolyte, and protein supplementation, and the use 
of a drug such as oral vancomycin, as indicated. Isolation of the patient may be 
advisable. Other causes of colitis should also be considered. 

Precautions: Genera/-CNS adverse experiences such as myoclonic activity, con- 
fusional states, or seizures have been reported with PRIMAXIN. These experiences 
have occurred most commonly in patients with CNS disorders (@.g., brain lesions or 
history of seizures) who also have compromised renal function. However, there were 
rare reports in which there was no recognized or documented underlying CNS 
disorder. Close adherence to recommended dosage schedules is urged especially 
in patients with known factors that predispose to seizures. Anticonvulsant ther- 
apy should be continued in patients with a known seizure disorder. if focal 
tremors, myoclonus, of Seizures occur, patients should be placed on anticonvulsant 
therapy. If CNS symptoms continue, the dosage of PRIMAXIN should be decreased 
of discontinued. 

As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of 


nensusceptible organisms. Repeated evaluation of the patient's condition is essen- 


tial. If superinfection occurs during therapy, appropriate measures should be taken. 
While PRIMAXIN possesses the characteristic low toxicity of the beta-lactam group 
of antibiotics, periodic assessment of organ system function during prolonged 
tharapy is advisable. 
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Teratology studies with PRIMAXIN at doses up to 11 times the usual human dose in 
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Data from preliminary studies suggest an apparent intolerance to PRIMAXIN 
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keys that is not seen in nonpregnant animals in these or other species. In other 
Studies, PRIMAXIN was well tolerated in equivalent or higher doses (up to 11 times 
the average human dose) in pregnant rats and mice. Further studies are under 
way to evaluate these findings. 

There are, however, no adequate and well-controlled studies in pregnant women. 
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D e a a 


Abdominal wound dehiscence was quantitatively studied in a rat 
model. Polybutester suture is a new monofilament nonabsorbable 
suture that has unique stress-strain properties that are poten- 
tially beneficial for abdominal wound closure. The abdominal 
volume at the moment of wound dehiscence was correlated with 
the extensibility of the suture material used for closure. Inter- 
rupted sutures of polybutester cut through the tissues at a mean 
abdominal volume of 212 + 3 ml. This volume was significantly 
(p < 0.005) greater than the mean volumes reached with nylon 
(197 + 3 ml) or polyglycolic acid (187 + 4 ml). Closure of ab- 
domens with continuous polybutester suture resulted in a mean 
rupture volume of 218 + 3 ml, which was significantly (p < 0.005) 
greater than that achieved with the same suture employed as 
simple interrupted sutures (212 + 4 ml). The influence of width 
of tissue bite, suture size, and needle configuration was also 
evaluated. 


OLYBUTESTER (PBE) suture is a new nonabsorbable 
monofilament suture that has stress-strain prop- 
erties that differ markedly from those of other 

synthetic sutures.’ Most sutures exhibit limited elongation 
when exposed to increasing loads. Once their yield point 
is reached, they rapidly elongate until rupture occurs. In 
contrast, PBE sutures display a high degree of elastic 
stretch under low loads. After this early stretch, further 
elongation is limited until breakage occurs at load levels 
comparable to that of other sutures. This controlled stretch 
at low loads may offer distinct clinical advantages over 
that of other nonabsorbable monofilament sutures. 

One clinical situation where a more dynamic suture 
may prove beneficial is wound closure following abdom- 
inal surgery. Wound dehiscence in vertical abdominal in- 
cisions continues to be a problem, with a reported inci- 
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dence of 1-3%.? In almost every patient, wound dehis- 
cence occurs when unexpected stress is placed on the 
wound edges, causing the sutures to cut through the tissue. 
The triad of abdominal distention, coughing, and vom- 
iting appear to be the most significant causative factors 
of this increased abdominal pressure that leads to wound 
dehiscence.* 

In 1968, Hoerr speculated that a more elastic suture 
might alleviate the problem of sutures cutting through the 
tissue. A truly elastic suture would expand as the wound 
tissue swelled and thus diminish the stress on the suture 
loop encompassing the tissue. Since an elastic suture was 
not available, he developed a wound closure technique 
in which only alternate sutures were tied. Three or 4 days 
after closure when the sutures began to cut into the swollen 
tissue, a new closure was accomplished by tying the untied 
alternate sutures and removing the originally tied sutures. 
This technique may prevent tissue cut-through, but it is 
tedious, time consuming, and not adjustable when the 
swelling subsides, 

PBE sutures may possess sufficient elasticity to prove 
beneficial under these circumstances. It was the primary 
purpose of this study to evaluate the potential benefits of 
polybutester suture in abdominal wound closure. It was 
postulated that, following abdominal closure with PBE 
sutures, the “dynamic” properties of the suture would 
allow for greater abdominal expansion, less stress on the 
sutures, and less potential for suture cut-through and thus 
provide a greater margin of safety against wound dehis- 
cence. The role of various techniques of abdominal closure 
on wound security was also quantitatively evaluated. 
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Materials and Methods 
Suture Materials 


All suture materials were obtained from Davis & Geck 
(Danbury, CT). Three suture materials were selected for 
testing. The sutures were selected on the basis of their 
clinical applicability and on their degree of extensibility. 
The sutures selected were: 


Novafil™ (monofilament polybutester). 
Dermalon™ (monofilament nylon). 
Dexon “S”™ (braided polyglycolic acid). 


Except for two studies, all experiments involved size 
5/0 sutures swaged to PRE-2 reverse cutting needles. In 
one study, various size sutures were evaluated for their 
wound holding capacity. In another study, the wound 
holding capacity of abdominal incisions closed with su- 
tures swaged to tapered needles was compared to that of 
incisions closed with sutures swaged to reverse cutting 
needles. 


Stress~Strain Properties of Suture Loops in Vitro 


The elongation of standard loops of each suture ma- 
terial under increasing load was determined using an In- 
stron Universal Testing Instrument, Model 1122 (Instron 
Corp., Canton, MA). Loops were tied around two pins 
separated by a distance of 20 mm. This loop corresponded 
to the in vivo situation where a suture entered and exited 
a wound 10 mm from each wound edge. Each loop was 
secured with a four-throw square knot (1 = 1 = 1 = 1). 
Each loop, mounted on hooks placed in the jaws of the 
Instron tensometer, was elongated at a constant rate of 
10 mm/min until the knot broke. The load experienced 
by the loop during extension was continuously plotted on 
a calibrated recorder. 


Animal Model of Abdominal Rupture 


The technique for measuring the abdominal wound 
bursting strength was patterned after those previously re- 
ported.*> Female Sprague-Dawley rats were fasted for 12 
hours prior to surgery. After weight determinations were 
made, animals, within a 5 g weight variance (270-275 g), 
were assigned to specific treatment groups. The animals 
were then killed with a lethal intraperitoneal injection of 
sodium pentobarbital (215 mg/kg) and secured to an op- 
erating table in a supine position. A mid-line abdominal 
incision was made through the skin and panniculus car- 
nosus down to the abdominal wall. This incision extended 
from the xyphoid to the pubis. At the caudad and cephalad 
ends of the mid-line incision, lateral incisions were deep- 
ened through the skin and panniculus carnosus, and the 
skin was reflected off the abdominal wall, permitting vi- 
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sualization of the underlying musculoaponeurotic tissue. 
A template and indelible ink were used to mark on the 
abdominal wall the location of the standard mid-line in- 
cision, as well as the suture entrance and exit wounds. A 
6.6 cm incision was made in the linea alba, equidistant 
between the xyphoid and pubis. The incision was made 
through all musculoaponeurotic layers including the 
peritoneum. 

A stab wound was then made in the apex of the vagina 
through which a polyvinylchloride cannula (2.8 mm O.D. 
x 1.3 mm ID.) was passed into the peritoneal cavity. A 
latex balloon was then fixed to the cannula and positioned 
symmetrically over the abdominal viscera just beneath 
the diaphram. The mid-line incision was then approxi- 
mated over the undistended balloon using sutures that 
were introduced into the previously identified suture en- 
trance and exit sites. The sutures were passed through all 
musculoaponeurotic layers, including the peritoneum, in 
a single layer (mass closure). The sutures were tied with 
a four throw square knot (1 = | = 1 = 1) when the cut 
edges of the linea alba were just approximated. Thus, the 
formed suture loop applied the least possible tension to 
the tissue within the suture loop. The ears of the knot 
were cut to be 3 mm long. The distance between the ter- 
minal suture loops and the ends of the incision was 3 mm. 
Ten suture loops spaced 6 mm apart approximated the 
6.6 cm incision. Unless otherwise specified, the sutures 
were size 5/0 swaged to PRE-2 (13 mm) reverse cutting 
needles. 

Abdominal pressure was steadily increased by filling 
the balloon with water at a fixed rate. The water was sup- 
plied from a pressurized reservoir through a metering valve 
that maintained the flow rate at 0.5 ml/sec, regardless of 
the pressure generated in the balloon. The pressure in the 
balloon was monitored by a Gould pressure transducer 
(Gould, Inc., Oxnard, CA), which was connected to a cal- 
ibrated strip-chart recorder. The volume expansion in the 
balloon was documented by three separate procedures: 
the chart recorder speed was | mm/sec with | mm = 0.5 
ml of water: the animal was positioned on a top loading 
scale, and the increase in weight was monitored contin- 
uously; and the total volume in the balloon at the con- 
clusion of the experiment was measured. For each animal, 
the volume and pressure were recorded until wound de- 
hiscence occurred. 


Abdominal Wound Closure Techniques 


Bite width of interrupted sutures. In different groups of 
animals, the distance between the wound edge and the 
place where the suture entered the tissue (bite width) was 
varied. The bite widths evaluated were: 1.0 mm, 2.5 mm, 
5.0 mm, and 10.0 mm. For each bite width, wounds were 
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Fic. 1. The double-loop clo- 
sure techniques involves 
closing the abdominal fascia, 
including the peritoneum, in 
one layer. As the abdomen 
expands, the outer loop of the 
suture expands and constnicts 
the inner loop, which keeps 
the wound edges together 
during the periods of ab- 
dominal distention. 


closed with interrupted loops of each of the three suture 
materials. 

Suture size. Using only PBE sutures, interrupted suture 
loops were used for closure of the mid-line incision in 
which the distance between either the entrance or exit 
suture sites and the divided edges of the linea alba was 
5.0 mm. In different experimental groups, the diameter 
of the suture for each mid-line closure was either 3/0, 
4/0, 5/0, or 6/0. 

Needle type. Using PBE sutures in size 5/0, interrupted 
suture loops were used for wound closure in which the 
distance between either the entrance or exit suture sites 
and the cut edge of the linea alba was 5.0 mm. In one 
experimental group of animals, the suture was swaged to 
a tapered needle (TE 1, 12 mm), while a reversed cutting 
needle (PRE-2, 13 mm) swaged to the same suture was 
employed in another group. 

Continuous suture closure. Using the three different su- 
ture materials, a continuous unlocked suture was em- 
ployed separately for wound closure with the knots being 
constructed at the proximal and distal ends of the incision. 
The distance between either the entrance or exit suture 
sites and the cut edges of the linea alba was 5.0 mm with 
the spacing between sutures (6 mm) being identical to 
that used for interrupted suture loops. 

Interrupted double loop mass closure technique. With 
the double-loop mass closure technique, the suture entered 
the fascia 10 mm from the wound edge, passed through 
all musculoaponeurotic layers, including the peritoneum, 
then passed under the wound and returned through the 
entire abdominal wall and exited 10 mm from the con- 
tralateral wound edge (Fig. 1). The suture continued by 
entering the first wound edge again with a bite of 2.5 mm 
passing again through all the tissue layers, passing under 
the incision and exiting through the tissue on the contra- 
lateral side 2.5 mm from the wound edge. The loop was 
completed with a knot above the fascia positioned over 
the incision. Each of the three suture materials was eval- 
uated separately in three experimental groups. 

The statistical significance of the data for all experi- 
mental groups was determined using the Student’s t-test. 
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Results 
Load-Elongation Properties of Suture Loops 


The unique low-load elasticity of PBE sutures is dem- 
onstrated in the composite load-elongation curves for the 
three sutures evaluated (Fig. 2). Fifty per cent of the total 
elongation of PBE suture occurred at loads less than 25% 
of its breaking strength. At a similar load, nylon suture 
had only elongated 25% of its total elongation at knot 
break. The polyglycolic acid (PGA) suture exhibited the 
least degree of elongation (11%) at this low load. Although 
PBE suture elongated considerably at low loads, its total 
elongation at break (10.5 + 0.8 mm) was similar to that 
of nylon (8.3 + 0.6 mm). Furthermore, PBE suture ex- 
hibited a knot break strength (12.55 + 0.65 N) that was 
comparable to that of nylon (13.65 + 0.60 N). In contrast, 
PGA sutures exhibited a very high knot-break load (19.20 
+ 0.65 N), but the mean total elongation of the PGA 
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Fic. 2, The unique ability of polybutester to elongate under small loads 
is demonstrated in these composite load-elongation curves, At 2.00 N 
polybutester suture has elongated four times more than nylon suture 
and ten times more than polyglycolic acid suture. 
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TABLE |. Abdominal Wound Dehiscence as a Function of Suturing Technique 





Dehiscence Pressure (mmHg) 


Tissue Bite* 

Suture Technique (mm) Polybutester Nylon 
Interrupted 1.0 186 +7 182 + 3 
Interrupted 2.5 220+ 6 218 +4 
Interrupted 5.0 239 +4 240 + 4 
Interrupted 10.0 240 + 7 242 +7 
Continuous 5.0 24144 23947 
Double loop 2.5/10.0 238 + 3 240 +9 


+ 


_ ™ Distance between the edge of the linea alba and the entrance or exit 
point of the suture. 
+ The abdominal wound dehiscence volumes of mid-line incisions 


sutures at knot break (5.5 + 0.4 mm) was only 52% of 
the mean value obtained for PBE sutures at knot break 
(10.5 + 0.8 mm). 


Abdominal Wound Closure 


The mechanism of wound dehiscence was similar in 
all experiments. Wound dehiscence occurred when the 
stress level reached the yield point of the abdominal wall 
and the sutures either cut through the tissue or the entire 
abdominal wall ruptured. Knot slippage or breakage was 
never a cause of wound dehiscence. 

The volume and pressure within the balloon at the time 
of wound dehiscence provided indices of the security of 
the different abdominal mid-line closure techniques. One 
mid-line closure technique was judged to be more secure 
than another if the volume and/or pressure within the 
balloon was greater than that encountered with another 
technique. The results of this experimental study dem- 
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Fic. 3. The relationship of abdominal pressure to abdominal volume is 
recorded as abdomens closed with different suture materials are contin- 
uously expanded with water. The greater abdominal volume afforded 
by polybutester suture resulted from its greater degree of elasticity com- 
pared to nylon suture or polyglycolic acid suture. 


Dehiscence Volume (ml) 


Polyglycolic Polyglycolic 
Acid Polybutester Nylon Acid 
[80 +7 [59 2 16h +1 160 +4 
216+5 178 £ 2ł 17044 166 +3 
242 +6 204 + 4f 190 + 3 182+4 
241 +3 212 ST 197 +3 187 +4 
240 + 6 218 + 3+ 205 + 3 192 +6 
239 + 3 184 + 4+ 1744 168 + 4 





closed with polybutester sutures were significantly (p < 0.05) greater 
than those encountered with abdomens closed with either nylon or 
polyglycolic acid sutures. 


onstrated several important factors that influenced the 
security of the abdominal wound closure technique. 

Suture material. The type of suture material used to 
close the abdomen had considerable influence on the ab- 
dominal volume at the time of wound dehiscence (Table 
1). Closure of the mid-line incision with interrupted PBE 
sutures allowed the abdomen to distend to a significantly 
larger volume than that encountered with either PGA or 
nylon sutures with a comparable size suture loop (distance 
between entrance or exit wounds and divided edges of 
linea alba = 2.5 mm). The influence of the type of suture 
material used for interrupted sutures on the pressure and 
volume within the balloon during expansion is illustrated 
in Figure 3, There was an early lag phase (0-70 ml) as 
the fluid filled the existing dead space of the abdomen. 
After this lag phase. the balloon exerted pressure on the 
abdominal cavity, causing stretching of the musculoapo- 
neurotic layers. While all suture materials resisted this 
expansion of the abdominal wall, their unique physical 
properties had considerable influence on the ultimate 
volume and pressure within the abdominal cavity before 
the interrupted sutures cut through the tissues. The more 
elastic PBE sutures, which elongated under lower loads 
than the other sutures, subjected the wounds to less pres- 
sure at volume = 80 ml of water than that encountered 
with the other suture materials. While the abdominal 
wound tissue closed with the three different suture ma- 
terials dehisced at comparable pressures, the interrupted 
PBE sutures allowed the abdominal cavity to enlarge be- 
fore dehiscence an additional 5 to 13%, respectively, as 
compared to those approximated by either nylon or PGA 
sutures. 

The type of suture material used in the continuous and 
double loop closure techniques also had considerable im- 
pact on wound security as measured by the abdominal 
dehiscence volumes. For both closure techniques, the 
wound dehiscence volumes were highest with the PBE 
suture, followed by the nylon suture and then the PGA 
sutures. The dehiscence pressure for the different suture 


Vol. 204 «No. 2 


materials using either interrupted, continuous, or double 
loop closure techniques did not differ significantly. 

Width of tissue bite. The bite width (the distance be- 
tween the suture entrance and exit sites and the divided 
edges of the linea alba) significantly influenced the security 
of abdominal wounds closed with interrupted sutures, as 
measured by abdominal wound dehiscence pressures 
(Table 1). With a 1 mm bite width in the rat abdomen, 
the suture did not pass through the rectus muscle, and 
tissue cut-through occurred at a mean pressure of 183 + 6 
mmHg. By increasing the bite width to 2.5 mm, the tissue 
cut-through pressure was significantly (p < 0.001) in- 
creased to a mean of 218 + 5 mmHg. With a 5.0 mm 
bite width, the mean tissue holding capacity was again 
significantly (p < 0.001) increased to 241 + 4 mmHg. 
This value of 241 mmHg remained relatively constant for 
further increases in bite width and different suturing tech- 
niques. The pressure at which suture cut-through occurred 
7 was not a function of suture material. 

Suture size. When abdominal incisions were closed with 
PBE sutures using interrupted sutures with 5.0 mm tissue 
bites, the size of the suture influenced wound security. 
An increase in suture size was associated with greater 
pressure required to cause the sutures to cut through the 
tissue (Table 2). The abdominal volume at the time of 
rupture was inversely related to suture size; the smaller 
the suture size the greater the abdominal volume at de- 
hiscence. 

Needle type. The suture needle configuration did not 
influence the security of abdominal wound closure as 
measured by the volume and pressure required for wound 
dehiscence. The dehiscence pressure (240 + 3 mmHg) 
and volume (202 + 3 ml) for wounds closed by tapered 
point needles did not differ significantly from the dehis- 
cence pressure (239 + 3 mmHg) and volume (204 + 3 
ml) encountered in wounds approximated by reverse cut- 
‘ ting needles swaged to the same type of suture. 

Continuous suture closure technique. Closure of the 
mid-line abdominal incision with an unlocked continuous 
suture allowed the abdomen to expand to a significantly 
(p < 0.001) greater volume before rupture than abdomens 
closed with interrupted sutures of the same material (Table 
1). Abdominal incisions closed with PBE sutures expanded 
to significantly (p < 0.05) greater volumes before rupture 
than did abdomens closed with either nylon or PGA su- 
tures. 

Double loop closure technique. The dynamics of wound 
dehiscence with the double loop closure technique differed 
significantly from that encountered with either the inter- 
rupted or continuous methods of closure. With the inter- 
rupted and continuous techniques, wound dehiscence oc- 
curred first by slight separation of the cut edges of the 
linea alba followed by the sutures cutting through the tis- 


Y sue. The distribution of forces resulting from the double 
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TABLE 2. Abdominal Dehiscence as a Function of Suture Size 


Dehiscence Pressure Dehiscence Volume 
Suture Size (mmHg) (ml) 
3/0 255% 4 192 +3 
4/0 241+ 3 198 +5 
5/0 239+ 3 204 + 3 
6/0 230 11 209 +5 





loop technique caused the divided edges of the linea alba 
to come together during abdominal distention by con- 
striction of the inner loops. Abdominal rupture did not 
occur at the suture sites but in the abdominal wall itself 
lateral to the suture line. Failure of the abdominal wall 
occurred at pressures identical to those encountered at 
the suture line in other experiments (Table 1). The con- 
figuration and dynamics of the double loop closure tech- 
nique provide the least abdominal expansion volume of 
the closure techniques evaluated. For each suture material, 
the continuous suture technique provided the greatest ab- 
dominal volume before rupture, followed by the inter- 
rupted suture technique and then the double loop tech- 
nique. With each technique, the use of PBE sutures pro- 
vided significantly greater expansion than did the use of 
either nylon or PGA sutures. 
Discussion 

In most dehisced abdominal wounds, sutures are ob- 
served to have cut through the musculoaponeurotic layers 
rather than break. The resistance of the abdominal tissue 
against the pulling force of the sutures can be quantitated 
and is a measure of the security of the sutural closure 
technique. Several factors have been identified which sig- 
nificantly influence the security of abdominal wounds. 
One of these factors is the anatomical orientation of the 
abdominal incision. Using cadaver specimens, Tera and 
Aberg’ noted that the tissue holding capacity of mid-line 
incisions against suture pull-through was greater than that 
of either transverse incisions or paramedian incisions. 
Haxton® corroborated these findings in experimental 
studies in cadavers demonstrating that wound dehiscence 
in paramedian incisions occurred at lower intra-abdom- 
inal pressures than midline incisions subjected to identical 
suturing techniques. 

The techniques used in sutural closure also play a sig- 
nificant role in wound security. The importance of taking 
adequate bites of tissue in closing laporotomy incisions 
is based on both mechanical and anatomical considera- 
tions. Using a simple mathematical model, Dudley’ dem- 
onstrated that the mean force per unit area at the tissue- 
suture interface was reduced as the radius of the suture 
loop was increased. On the basis of this theory, we see 
that there is some argument to favor a single layer closure 
with a large bite of tissue held by the suture. From an 
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anatomical perspective, the size of the bite in a mid-line 
incision must be wide enough to extend beyond the linea 
alba to encompass both the anterior and posterior rectus 
sheathes. Tera and Aberg’ reported that sutures placed 
lateral to the transition between linea alba and the rectus 
sheath were two-fold more resistant to pull-through than 
a suture passed through only the linea alba. Using a rat 
model, Sanders et al.'° confirmed the importance of the 
size of the suture bite on the wound’s ability to resist de- 
hiscence from increased intra-abdominal pressure. The 
intra-abdominal pressure required to rupture a mid-line 
incision approximated with 4-0 silk sutures using 5 mm 
bites of tissue was significantly greater than that needed 
to disrupt incisions closed by the same caliber suture em- 
ploying 1-2 mm bites. Our experimental studies likewise 
revealed that the tissue holding capacity against the pull 
ofa suture was optimal when the tissue bite was =5 mm, 
a site that was lateral to the transition between the linea 
alba and the rectus muscle in the rat abdomen. 

Suture diameter was another parameter in wound clo- 
sure evaluated in our studies. For wider diameter sutures, 
the wound dehiscence pressure was significantly greater 
than that for more narrow diameter sutures, indicating 
that the narrow diameter sutures cut through the tissues 
more readily than the wider diameter sutures. These re- 
sults are in agreement with Dudley’s” concept of the pres- 
sure per unit area of suture in which tissues are most 
prone to suture cut through by narrow diameter sutures. 
In Tera and Aberg’s’ investigation, the caliber of the suture 
was not an important determinant of the tissue holding 
capacity for cadaver musculoaponeurotic tissue. The 
considerable interindividual variation with regard to tissue 
strength against suture pull and the relatively small sample 
size may have made it difficult to perform a reliable eval- 
uation of the role of suture caliber in sutural wound se- 
curity. 

The influence of three different suturing techniques on 
wound security was also evaluated in this quantitative 
study. When compared to single interrupted sutures or 
interrupted double loops, the use of a continuous suture 
provided the greatest wound security as measured by the 
abdominal wound dehiscence volume. The dynamics of 
abdominal wound closure have been critically analyzed 
by Jenkins.'' In measuring the abdominal wound during 
distention, Jenkins found that the wound may increase 
in length as much as 30%. Unlike interrupted sutures, 
only with a continuous suturing technique can the suture 
adjust to compensate for this lengthening. In order to 
provide sufficient reserve suture to accommodate wound 
lengthening, Jenkins found that a ratio of suture length 
(SL) to wound length (WL) of at least 4:1 was required. 
When this ratio was employed in the clinical situation, 
abdominal wound dehiscence was eliminated. Jenkin’s 
clinical experiences were confirmed by the animal exper- 
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iments of Poole et al.,'* which demonstrated that closure 
of midline abdominal wounds with a continuous suture 
provided significantly greater resistance to wound disrup- 
tion than closure with interrupted sutures. The results of 
other clinical studies are consistent with these experi- 
mental investigations and indicate that a continuous su- 
ture is less time consuming and provides security equal 
to or greater than that of interrupted sutures.'*!4 

In wounds closed by either continuous or simple in- 
terrupted sutures, extensive abdominal distention caused 
the wound edges to separate prior to the sutures cutting 
through the tissue. This separation of wound edges, if it 
occurs, will interfere with wound healing and thus make 
the wound more susceptible to dehiscence. Wound edge 
separation can be eliminated by using a double loop tech- 
nique. The distribution of forces in the double loop tech- 
nique are such that as the abdomen distends the outer 
loop of suture expands and constricts the inner loop, which 
pulls the wound edges tightly together. Maintenance of 
approximation of the divided edges of the abdominal 
wound, even during periods of abdominal distention, 
should facilitate rapid healing and thus lessen the chances 
of wound dehiscence. The superiority of the double loop 
closure technique has been documented clinically'*'® and 
experimentally.'??° Although monofilament stainless steel 
wire was first used for the double loop closure technique," 
later clinical studies employed nylon,*! polypropylene,” 
and polyglycolic acid sutures?** for double loop closure 
and reported a remarkably low incidence of dehiscence. 

When all of these parameters were controlled, it was 
found that the suture material itself played a very impor- 
tant role in wound security. In the dynamic situation of 
abdominal expansion, the suture determines how the 
stress is delivered to the tissue. The greater the ability of 
the suture to expand with the abdomen, the smaller the 
amount of stress that is transmitted to the tissue. A definite 
correlation between suture extensibility and abdominal 
wound security was demonstrated in this study. Regardless 
of the closure technique, the greatest abdominal volume 
prior to wound dehiscence was obtained when PBE sutures 
were used. This increase in abdominal volume was the 
result of the unique stress-strain properties of this new 
suture material. PBE sutures have the ability to elongate 
50% of their length at loads of only 25% of their knot 
break level. In contrast, at similar loads nylon sutures 
elongate only 25%, and PGA only 11%. This early elon- 
gation of PBE suture is elastic so that as the abdominal 
volume recedes the suture continues to provide wound 
security, The initial ease of elongation is not a reflection 
of the suture’s total elongation or ultimate strength. The 
total elongation and ultimate strength of PBE sutures are 
similar to those of nylon. 

These results indicate that abdominal dehiscence can 
be eliminated when appropriate techniques are employed. 
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Mid-line incisions, wide tissue bites, mass closure, and 
large sutures are techniques associated with increased 
wound security. These results also suggest that use of the 


-new PBE sutures provides an extra margin of safety in 


closure of abdominal wounds. 
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CEFOTAN’ (cefotetan disodium) is an ideal agent 

in the treatment of intra-abdominal infections. 

As active as cefoxitin against Bacteroides fragilis— 
the most common anaerobe in intra-abdominal 
sepsis'—CEFOTAN provides superior gram-negative 
coverage and is particularly active against 
Escherichia coli and other common gram-negative 
pathogens. 





CEFOTAN is equal 
to cefoxitin in activity 
against B fragilis 


In vitro activity* against B fragilis 
MIC (ug/ml) 
Investigator No. of Strains CEFOTAN Cefoxitin 


*In vitro activity does not necessarily correlate with in vivo effectiveness 
tFor cefoxitin, 388 strains were studied. 


CEFOTAN has 

superior activity against 
the common l 
gram-negative organisms 


Comparison of in vitro activity against common gram-negative bacteria 
MIC (ug/ml) 
Organism No. of Strains CEFOTAN Cefoxitin 


Investigators: Ayers LW, Jones RN, Barry AL, et alé 
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CEFOTAN has a half-life of 3 to 4.6 hours— 
more than 3 times that of cefoxitin.” And 
CEFOTAN sustains effective plasma concentra- 
tions for 12 hours.’ This outstanding pharmaco- 
kinetic profile permits twice-daily dosing in 
treatment and single-dose prophylaxis. 


CEFOTAN—effective 
twice-daily treatment 
and single-dose 
prophylaxis 





0 In US clinical studies of intra-abdominal infections, 
CEFOTAN demonstrated a clinical cure rate of 96%? 


Clinical success* in abdominal surgical prophylaxis? 





Biliary tract 


Appendiceal 


Colorectal' 








*Clinical success is defined as no SIQNs Or symptoms of intra-abdominal Investigators: Fabian T, Zellner S, Jagelman D, et al? 
Or postoperative wound infection during the hospital stay and tColorectal procedures were performed without 
follow-up period of seven to ten days postdischarge. benefit of preoperative oral bowel prep. 


0 In prophylaxis, CEFOTAN provides single-dose 
protection—even in delayed or prolonged procedures 


Switch to 


CEFOTAN... 


a {cefotetan disodium) 


for brief summary of prescribing information. The cost-effective replacement for cefoxitin 





CEFOTAN provides cost-effective therapy. 
For treatment, the usual adult dosage 

of CEFOTAN is 1 to 2 g every 12 hours* 

In prophylaxis, CEFOTAN is administered 
as a single 1- or 2-g dose.! 


Twice-daily CEFOTAN 
can save 45% in 
total treatment costs 


Overall cost of treatment with CEFOTAN and cefoxitin 






CEFOTAN Cefoxitin 
Regimen 20 DJd. 2g q.i.d. 
Drug cost/dose $15.60 $13.60' 
Delivery cost/dose*"° + 5.00 + 5.00 
Total cost/dose $20.60 $18.60 





Number of doses/day “2 x4 
Total cost/day 


Cost savings/day 
Savings with CEFOTAN 





| 


— 


* Maximum daily dose should not exceed 6 g. In patients with renal impairment, dosage adjustment is necessary. (Consult brief summary. 
In prophylaxis, CEFOTAN is administered 30 to 60 minutes prior to surgery or, in patients undergoing cesarean section, as soon as the umbilical 
cord is clamped 
Direct price from Drug Topics Red Book, ed 89. Oradell, NJ, Medical Economics Co, p 362 
Minimum overall costs of supplies and labor for antibiotic preparation and administration 


4 Single-dose prophylaxis can save 63% when 
compared with cefoxitin 


© CEFOTAN has a proven record of safety’ 
Adverse events are generally few and similar to those seen with 
first-generation cephalosporins. 


“Includes acquisition and delivery’? costs for comparable 
regimens—CEFOTAN, 2 gx 1; cefoxitin, 2 g x 3 
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CEFOTAN... 


cefotetan disodium) 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE l ; 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 


Urinary tract infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii) 


Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus 
influenzae (including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), 
and E coli. 


Skin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis ,* Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli 


Gynecologic infections caused by Staphylococcus aureus' (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, * Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,' and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species"). 


Intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae’), Strepto- 
coccus species (excluding enterococci), and Bacteroides species ( excluding B distasonis, B ovatus, 
B thetaiotaomicron). 


Bone and joint infections caused by Staphylococcus aureus t 
“NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan 
‘Efficacy for this organism in this Organ system was studied in fewer than ten infections 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated 


CONTRAINDICATIONS 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics 


WARNINGS 

Before therapy with CEFOTAN is instituted, careful inqui uae made to determine whether the 
patient has had previous hypersensitivity reactions to cefotetan isodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any |r who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require ue and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with cl il ean antibiotics may alter normal flora of the colon and may permit 
overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary 
cause of antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind 
the toxin in vitro 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should 
be managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not 
relieved by drug discontinuance, or when it is severe. oral vancomycin is the treatment of choice for 
rat na ali pseudomembranous colitis produced by C difficile. Other causes should also be 
considered. 


PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics. prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 


INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by ee Sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages following the administration of CEFOTAN. 


DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function 
should be carefully monitored, especially if higher fe pe of the aminoglycoside are to be adminis- 
tered or if therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglyco- 
side antibiotics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 
it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 


DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
900 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and prepubarty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogo- 
nia and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions 
were dose-dependent; at 120 pt erd Pea 2-4 times the usual human dose), only 1 of 10 
treated animals was affected, and the degree of degeneration was mild. Similar lesions have been 
observed in experiments of comparable esign with other methylthiotetrazole-containing antibiotics 
and impaired fertility has been reported, particularly at high dose levels. No testicular atecis were 
observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs 
(3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to 
humans is unknown. 


USAGE IN PREGNANCY: ih Sid Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
Studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 


CEFOTAN” (cefotetan disodium) 


USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness in children have not been established 


ADVERSE REACTIONS l 
In clinical studies the following adverse effects were considered related to CEFOTAN therapy. 


Gastrointestinal symptoms occurred in 1.5 percent of patients; the most frequent were diarrhea (lin 
80) and nausea (1 1n 700) 


Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 
(1 in 200), positive direct Coombs ' test (1 in 250), and thrombocytosis (1 in 300). 


Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700) 


Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 


Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 


DOSAGE AND ADMINISTRATION l 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 
determined by the condition of the patient, severity of the infection, and susceptibility of the causative 
organism. 


e 
GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once. intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be 
administered as soon as the umbilical cord is clamped. 


IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 

employed. The following dosage guidelines may be used. 

aaae 
DOSAGE GUIDELINES FOR PATIENTS 


WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 


mL/min Dose Frequency 
>30 Usual Recommended Dose" Every 12 hours 
10-30 Usual Recommended Dose” Every 24 hours 
<10 Usual Recommended Dose* Every 48 hours 


“Dose determined by the type and severity of infection, and Susceptibility of the causative organism. 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis 


HOW SUPPLIED 

CEFOTAN is a dry, white to pale yellow powder Supplied in vials containing cefotetan disodium 
equivalent to 1g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1g 
dose is available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. 
The vials should not be stored at temperatures above 22°C and should be protected from light. 

1g in 10 mL vial (NDC 0038-0376-10 

2 g in 20 mL vial (NDC 0038-0377-20 

1g in 100 mL vial (NDC 0038-0376-11) 

2 g in 100 mL vial (NDC 0038-0377-21) 


Manufactured for 


STUART PHARMACEUTICALS 


Division ot ICI Americas Inc 
Wilmington, Delaware 19897 
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FIRST AID ANTIBIOTIC 
DIRECTIONS: To help prevent infection in minor cuts, bums, and abrasions; os an aid in healing. Apply di ectly to the affected orea and cover with sterile 


gouze if necessary. May be applied 2 to 5 times daily as the condition indicates. WARNING: In case of deep or puncture wounds or serious bums, consult w= J 
physician. If redness, irritation, swelling or pain persists or increases, or if infection occurs, discontinue use ond consult physician, Do not use in the eyes ' TT 85NCR2 
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„iN severe post-op N&V 


Compazine’ 


brand of Injection 5 mg./ml. 


prochiorxperazine 
Available in 25 mg. suppositories, too. 


Do not use ‘Compazine’ in pediatric surgery. 








©SmithKline Beckman Corporation, 1985 See brief summary of prescribing information on adjacent page. 


The antiemetic 
physicians 
prescribe most* 


COMPAZINE* 


brand al 


prochiorperazine 


See complete prescribing information in SKAF literature or PDA. The folowing is a 
brief summary. 


Indications: For contro! of severe nausea and vormitng. 
Contraindications: Comatose or reall ¥ depres sexi states due to CNS depressants, 


Le Fan 


pediatrie surgery: use in children under 2 years of age or under 20 ibs. use in chidren 
for conditions for which dosage has not been established 


Warnings: The extrapyramidal symptoms which can occur secondary to Comparing 
may be confused with the central nervous system signs of an undiagnosed primary 
disease responsible for the vomiting, e.g., Reye's syndrome or other encephalopathy. 
The use of Compazine’ and other potential hepatotoxins should be avoided in children 
and adolescents whose signs and symptoms suggest Reye's syndrome. 


May cause tardive dyskinesia in some patients on neuroleptic fanfinsychonc) therapy, 
usually long-term. This syndrome consis of A irreversible involuntary dyskinehic 
movements. The isk of tardive dyskinesia and likelihood of irreversibility are thought 
related to duration of treatment and total cumulative dose of neurcleptic drugs 


Lise in patents with bone marrow depression only when potental benefits outweigh 
risks. Patients who develop a hypersensitivity reaction eo. blood dyscrasias or jaundice! 
to a phenothiazine generally should not be reexposed to any phenothiazine. Caution 
patients about activities requiring alertness eg. operating vehicles or machinery), 
especially during the first few days theragy. Prochlorperazine may wniensify or prolong the 
action of other C.N.S depressants 
pe in pregnan ae not recommended except in Cases SO Serious and intractable that, 
in the ohysioian’s pudgment, drug intervention is required and potential benefits outweigh 
possible hazards There have been instances of prolonged jaundice. extrapyrary udal 
SIGNS, hyperref laa or hyporefiexia im newborn infants whose mothers racenved 
ohenothiazines. There is evidence thal phenothiazines are excreted in the breast milk of 
nursing mothers 


Precautions: [he antiemetic action of Coripazine may mask the signs and symptoms of 
overdosage of other drugs and may obscure the diagnosis and treatment of other 
conditions such as intestinal! obstruction, brain tumor and Reye's syndrome (See 
Warnings). Postoperative aspiration of vornitus has occurred in a lew surgical patents 
who received prochiorperazine as an antemenc, When used conmomilanty with cancer 
chemotherapeutic drugs, May obscure vomuling as a sign of these agents toxicity. Deep 
sleep and coma have been reported with prachiorperazine, usually with overdosage 


Neuroleptc drugs cause elevated prolactin laveis that persist during chronic adimurustration 
oe approximately one-third of human breast cancers are prolacin-cependent in vitro, 
his elevation is of palential enportance ii neuroleptic drug admurustration 1s comlempiated 
i a patient wih a oreviously detected breast cancer Nether ciment nor epidemigiog! c 
studies to dale, however have shown an association belween the chronic adrrurustrahon 
of neuroleptic drugs and mammary tumongenesis 
Permanently stop neuroleptic therapy f neuromuscular reachons occur in pregnani 
women or in chidren 


in chiidren with acute Hinesses or dehydration, use only under close supervision. 
Avoid high doses and parenteral administrabon when cardiovascular systern is impaired 
Sites hypotension has cocurred. Use cautiously im patents with Glaucoma. Use with cau- 
ton in persons who will be exposed lo extreme heal since phenol! YAZNES may interier e 
with thermoregulatory mechanisms. Phenotfiazines can dirnirush the effect of oral an 
coagulans. Phenothiazines can produce alpha-adrenergic blockade. Thiazide dure ice 
may accentuate orthostatic hypotension that may occur with phenothiazines. Anhhyper 
tensive effects of guanethidine and related compounds may be counteracted wher 
phenothiazines are used concomitantly Concamiant administration of phenothiazines 
with oropranolai resulis in increased plasma leveis of both drugs and may aiso preciovale 
phenytoin toxicity. Phenothiazines may lower the convulsive threshold, dosage adiustrients 
of anticonvulsants may be necessary. Presence of phenothiazines may produce false 
postive phenyiketonuria (PKU) test resu li Patients should not receive Cormpazine 4 3 
hours before of žá h ours after myelography with the contrast medium meinzamilde 


Adverse Reactions: Drowsiness. dizziness, amenorrhea, blurred vision, skin reactions 
Hypotension. Cholestatic jaundice, leukopenia. agranulocytosis Fatty changes in the iver 
have been observed in a few patients who died while receiving the drug (no causal 
relationship has been established} Neauromuse ee E A motor 
restlessness, dysiomas, pseudo- par kinsonism. tardive dyskinesia, and a variant, tardive 
dystonia. Contaci dermatitis is a possibityi Comnpazne injecton (solunon) aer ly 
gets on hands or clothing 


Other adverse reactions reported with ‘Compazine’ or other phenothiazines: Some 
ent effects are more frequent or intense in specific disorders (8.9., severe hypoten- 
sian in mitral insufficiency or pheochromocytoma). Grand maand petit mal convulsions: 
altered cerebrospinal tuid proteins: cerebral edema: prolongaton and intensification of 
the action of C NUS. depressants, atropine, heat and organophosphorus insecticides. 
dryness of mouth, nasal congestion, headache, nausea, conshgahon, obstipation, 
adynamic ileus, siaculatory disarders/impotence, priapism, ataruc color, unary 
retention, miosis and mydnasis: reackvation of psychotic processes. catatonic-like states: 
hypotension (somenmes fatal), cardiac arresi. panc ylopenia, nS ylaperuc purpura, 
eosinophilia, hemolytic anemia, aplastic anemia: biliary stasis, nypergihycerma, hypooghy- 
ceria, glycosuria. lactation, galactorrhea, gynecomastia, rans strual regularities, laise 
positive pregnancy tests: Pu yitching. erythema, urticaria, eczema up fa 
exfoliative dermatitis, asthma, laryngeal edema: angioneurotic edema, anaphylactoid 
reactions, peripheral edema, reversed epinephrine effect, hyperpyrexia, mild tover after 
large LM. doses, increased appetite: moreased wei ghia systemic lupus erythematosus 
ike syndrome. pigmentary retinopathy, neuroleptic > malignant syndrome, which may be 
fatal. with projonged admuristration of substantial doses, skin pigmentation, epithelial 
keratopathy, and lenticular and corneal Eaa 

EKG changes have been reported. Discontinue iong-term, high-dase therapy graciually. 
Note: Sudden death in patients taking phenothiazines (apparently due to cardiac arrest or 
asphyxia due to failure of cough reflex) has been reported. 


Supplied: Tabiets— 5, 10 and 25 mg., in bottles of 100; Spansule’ canpsules— 10, 15 
and 30 mg., in botltes of 50; injection -— 5 mg./ml. in 2 mi, ampus, 10 ml. vials and 

2 mi. disposable syringes; Suppositories ~ 215, 5 and 25 mg. Syrup ~—5 mg./5 mL; 
Single Unit Packages of 100 (intended for institutional use only} —5 and 10 mq. tablets: 
16, 15 and 36 mg. Spansule’ capsules. 


BRS-CZL68 


*Data on file, SK&E S K&F 


Smith Kline &French Laboratories 
A SMITHKLINE BECKMAN COMPANY 
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REGNANT 
OTHERS: 
PLEASE 














DON'T 
SMOKE! 





if you are pregnant or 
planning a family, here are 
three good reasons to quit 
smoking now: 


1. Smoking retards the 
growth of your baby in your 
womb. 


2. Smoking increases the 
incidence of infant mortality. 


3. Your family needs a 
healthy mother. 


Please don't smoke for your 
baby’s sake. 


And yours. 
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oxycodone HC!* 5.0 mg, acetaminophen 500 mg 





EQUIPOTENT TO PERCODAN 
WITHOUT ASPIRIN 





*Warning: May be habit forming 





Brief Summary of Prescribing Information 

The following is a brief summary only. Before prescribing, see 
complete prescribing information in TYLOX product labeling 
CONTRAINDICATIONS: TYLOX capsules should not be 
administered to patients who have previously exhibited hypersen- 
Sitivity to any Component 

WARNINGS: Drug dependence: Oxycodone can produce drug 
dependence of the morphine type and, therefore, has the 
potential for being abused. Psychic dependence, physical 
dependence, and tolerance may develop upon repeated 
administration of TYLOX capsules, and they should be prescribed 
and administered with the same degree of caution appropriate to 
the use of other oral narcotic-containing medications. Like other 
narcotic-containing medications, TYLOX capsules are subject to 
the Federal Controlled Substances Act (Schedule I!) 

Special Risk Patients: TYLOX capsules contain sodium 
metabisulfite, a sulfite that may cause allergic-type reactions (e.g 
hives, itching, wheezing, anaphylaxis) in certain susceptible 
persons. Although the overall prevalence of sulfite sensitivity in 
the general population is probably low, it is seen more frequently 
in asthmatics or in atopic nonasthmatic persons 
PRECAUTIONS: General: Head Injury and Increased Intracranial 
Pressure: The respiratory depressant effects of narcotics and 
their capacity to elevate cerebrospinal fluid pressure may be 
markedly exaggerated in the presence of head injury, other 
intracranial lesions, or a pre-existing increase in intracranial pres- 
sure. Furthermore, narcotics produce adverse reactions which 
may obscure the clinical course of patients with head injunes 
Acute Abdominal Conditions: The administration of TYLOX 
capsules or other narcotics may obscure the diagnosis or clinical 
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course in patients with acute abdominal conditions 

Special Risk Patients: TYLOX capsules should be given with 
Caution to certain patients such as the elderly or debilitated, and 
those with severe impairment of hepatic or renal function 
hypothyroidism, Addison's disease, and prostatic hypertrophy or 
urethral stricture 

Information for Patients: Oxycodone may impair the mental 
and/or physical abilities required for the performance of potentially 
hazardous tasks such as driving a car or operating machinery 
The patient using TYLOX capsules should be cautioned 
accordingly 

Drug Interactions: Patients receiving other narcotic analgesics, 
antipsychotics, anti-anxiety agents, or other CNS depressants 
including alcohol, concomitantly with TYLOX capsules, may 
exhibit additive CNS depression due to the oxycodone compo- 
nent. When such combined therapy is contemplated, the dose of 
one or both agents should be reduced. The use of MAO inhibitors 
or tricyclic antidepressants with oxycodone preparations may 
increase the effect of either the antidepressant or oxycodone The 
concurrent use of anticholinergics with oxycodone may produce 
paralytic ileus 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No 
long-term studies in animals have been performed with oxycodone 
to determine carcinogenic and mutagenic potential, or effects on 
fertility. Acetaminophen has been found to have no mutagenic 
potential using the Ames Salmonella-Microsomal Activation ‘est 
the Basc test on Drosophila germ cells, and the Micronucleus test 
on mouse bone marrow. In animals, acetaminophen has not been 
evaluated for carcinogenic potential or for effects on fertility 
Pregnancy Category C. Animal reproductive studies have not 


been conducted with TYLOX. It is also not known whether TYLOX 
can Cause fetal harm when administered to a pregnant woman or 
can affect reproductive capacity. TYLOX should be given to a 
pregnant woman only if clearly needed 

Nursing Mothers: It is not known whether the components of 
this drug are excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised when 
TYLOX is administered to a nursing woman 

Pediatric Use: TYLOX capsules should not be administered to 
children 
ADVERSE REACTIONS: The most frequently observed adverse 
reactions include lightheadedness, dizziness, sedation, nausea 
and vomiting. These effects seem to be more prominent in 
ambulatory patients than in nonambulatory patients, and some of 
these adverse reactions may be alleviated if the patient lies down 
Other adverse reactions include allergic reactions, euphoria, 
dysphoria, constipation, skin rash, and pruritus. At higher doses 
oxycodone has most of the disadvantages of morphine including 
respiratory depression 

Full directions for use should be read before administering or 
prescribing 

For information on symptoms and treatment of overdosage, see 
full prescribing information 1/16/86 
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And now Weck is ready with 
the Hemoclip X20.The first ring- 
handled automatic ligating clip 
applier that’s as close to perfect 
as yOu Can get. 

But during development, we 
corrected a lot of flaws we found 
iN competitive eè 
disposables, and S% 
even in our own first-stage X20 
prototype. 

Here's the result: the X20’s long - 
straight shaft, curved tip and jaws 


4 





provide smooth, accurate place- 
ment. Jaws are always visible, and 
they dont retract or jump forward 
during closure. 

There’s no cocking a feeder, 
because the new X20 with clip 
counter is fully automatic. This 
truly one-handed disposable vir- 
tually eliminates dropped clips. 

Contact your Weck ~ 
representative, and free | 2 
up some hands 
in the OR. 
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NOLVADEX. . . first-line hormonal therapy 


in metastatic breast cancer in postmenopausal women... 
with a side effects profile so mild, 
they may never be inconvenienced by therapy. 


That’s the real beauty of NOLVADEX. 


Nolvadex ©) 


TAMOXIFEN CITRATE/STUART 


Hormonal therapy they can yi with. 


Please see adjacent page for brief summary of prescribing information 
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Wilmington, Delaware 19897 





BRIEF SUMMARY 

NOLVADEX» (tamoxifen citrate) 10 mg tablets l l 
indications and Usage: NOLVADEX is effective in the treatment of metastatic breast cancer in 
postmenopausal women. Available evidence indicates that patients whose tumors are estro- 
gen receptor positive are more likely to benefit from NOLVADEX therapy. . 

NOLVADEX in combination with cytotoxic chemotherapy following radical or modified _ 
radical mastectomy is effective in delaying recurrence of surgically curable breast cancer in 
bos aro pa ea women or women age 50 or older with positive axillary nodes. in the Hubay 
and NSABP studies most of the benefit to date has been in the subgroup with 4 or more 
positive axillary nodes. The contribution of the ee chemotherapy is uncertain. The 
estrogen and progesterone receptor values may heip to predict whether the adjuvant therapy 
is likely to be beneficial. 

Contraindications: None known. a 

Warnings: Pregnancy Category D: NOLVADEX may cause fetal harm when administered to a 
pregnant woman. individuals should not become pregnant while taking NOLVADEX. Effects 
on reproductive functions are expected from the antiestrogenic eee of the drug. in 
reproductive studies in rats at dose levels equal to or below the human dose, nonteratogenic 
developmental skeletal changes were seen and were found to be reversible. in addition, in 
fertility studies in rats and in teratology studies in rabbits using doses at or below those used 
in humans, a lower incidence of egg implantation and a higher incidence of fetal death or 
retarded in utero growth were observed, with slower learning behavior in some rat pups. The 
impairment of learning behavior did not achieve statistical significance in one study, and in 
another study where significance was reported. this was by comparing dosed animals with 
controis of another study. Several pregnant marmosets were dosed during organogenesis or 
in the last half of pregnancy. No deformations were seen, and although the dose was high 
enough to terminate pregnancy in some animais, those that did maintain pregaancy showed 
no evidence of teratogenic malformations. There are no adequate and well-contralied studies in 
pregnant women. There have been reports of spontaneous abortions, birth detects. fetal deaths, 
and vaginal bleeding. If this drug is used during pregnancy or the patient becomes pregnant 
while taking this drug, the patient should be apprised of the potential hazard to the fetus. 

Ocular changes have been reported in a few patients who, as part of a clinical trial, were 
treated for periods greater than one year with NOLVADEX at doses at feast four times the 
highest recommended daily dose of 40 mg. The ocular changes consist of retinopathy, and in 
some patients, there are aiso corneal changes and a decrease in visual acuity 

In addition, a few cases of ocular changes including visual disturbance. corneal changes, 
and/or retinopathy have been pent in patients treated with NOLVADEX at recommended 
doses. it is uncertain if these effects are due to NOLVADEX. 

As with other additive hormonal therapy (estrogens and androgens), hypercalcemia has 
been reported in some breast cancer patients with bone metastases within a few weeks of 
Starting treatment with NOLVADEX. If hypercalcemia does occur, appropriate measures 
should be taken, and if severe, NOLVADEX should be discontinued 
Precautions: General: NOLVADEX should be used ous in patients with existing leuko- 
pena or thrombocytopenia, Observations of leukopenia and thrombocytopenia occasionally 

ave been made, but it is uncertain if these effects are due to NOLVADEX therapy. Transient 
decreases in platelet counts, usually to §0,000-100,000 mm? infrequently lower, have been 
occasionally reported in patients taking NOLVADEX for breast cancer. No hemorrhagic ten- 
dency has been recorded, and the platelet counts returned to normal levels even though 


s a 
treatment with NOLVADEX continued. 
Laboratory Tests: Periodic complete biood counts, including plateiet counts, may be e m 





appropriate. 

Carcinogenesis: While no conventional bioassay has been conducted, endocrine changes 
in immature and mature mice were investigated in a 13-month study. Various tumors were 
found in all treated groups. 

Mutagenesis: No genotoxic potential has been found in a battery of in vive and in vitro 
tests with pro- and eukaryotic test systems with drug metabolizing systems present. 

Impairment of Fertility: Saad of male rats was decreased when doses of 0.96 mg/kg or 

reater were administered 11 weeks prior to mating, and fertiity in female rats was decreased 
allowing administration of 0.04 mg/kg for two weeks prior to mang through day 7 of 
pregnancy. There was a decreased number of implantations, and alt fetuses were found dead. 

Following administration to rats of 0.16 mg/kg from days 7-17 of pregnancy, there were 
increased numbers of fetal deaths. Administration of 0.125 mg/kg to rabbits during days 
6-18 of pregnancy resulted in abortion or premature delivery. Fetai deaths occured at higher 
doses. There were no teratogenic changes in either rat or rabbit segment {| studies. Several 
pregnant marmosets were dosed with 10 mg/kg/day either during organogenesis or in the 
iast half of pregnancy. No deformations were seen, and although the dose was high enough 
to terminate pregnancy in some animals, those that did maintain pregnancy showed no 
evidence of teratogenic malformations. Rats given 0.16 mg/kg from day 17 of pregnancy to 
1 day before weaning demonstrated increased numbers of dead pups at parturition. it was 
reported that some rat pups showed slower learning behavior, but this did not achieve 
statistical significance in one study, and in another study where significance was reported, 
this was by comparing dosed animals with controls of another study. 

The recommended daily human dose of 20-40 mg corresponds to 0.4-0.8 mg/kg for an 


an pe p: a ra 7 ! z Ls NN . 
average 50 kg woman. we Ta A J à 
Pregnancy Category D: See WARNINGS. ) a re Se rvi n g, 


Nursing Mothers: itis not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk and because of the potential for serious adverse 


reactions in nursing infants from NOLVADEX, a decision should be made whether to discon- we the nea ith pr ofessions ae 


Harper and Row, Inc. 


East Washington Square 
Philadelphia, PA 19105 








unu nursing or to discontinue the drug, taking into account the importance of the drug to 

the mother. 7 ; i 

Adverse Reactions: a frequent adverse acions y w an are hot flashes, fv fa : ‘ 

nausea, and vomiting. These may occur in up to one-fourth of patients. but are rarely severe a f : l : 4 60 

enough to require discontinuation of treatment. Ps or mn ea r i ea rs 
Less frequently reported adverse reactions are vaginal bleeding, vaginal discharge, men- Pa é ; K 

strual irregularities, and skin rash. Usually these have not been of sufficient severity to " i ; $, 


require dosage reduction or discontinuation of treatment. i 
n 


creased bone we nee oar ri also local ay se ae have dba which are H : i \ 
sometimes associated with a good tumor response. Patients with increased bone pain may f ! 
fora ra pail ae Patients with soft tissue bea ne nae rt ear . over 600 med ical and nursi ng books 
in the size of preexisting lesions, sometimes associated with marked erythema within an so f vos ; ak 
surrounding the lesions, and/or the development of new lesions. When they occur, the bone in/medici ne, phar macy, dentistry ; 
panor Ta flare nh oy after Starling Mn ana sens aly srl ay ae . ; k 
er adverse reactions which are seen infrequently are hypercalcemia, peripheral edema, 
distaste for food, pruritus vulvae, depression, dizziness, light-headedness, and headache. veteri nary, nu rsing and al | ied health 
There have been infrequent reports of thromboembolic events occurring during NOLVADEX H fogs i 
therapy. Since for cancer patients in general an increased incidence of thromboembolic / for pr actitioners ‘ 
events H mown A a causal F Torto to NOLVADEX Ea a Di in- j | y 
creased incidence has been reported when cytotoxins are combined wit ; i d i i i A 
if adverse reactions are severe, itis sometimes possible to control them by a simple K students an 4 institutio NS Y 

reduction of dosage without loss of contro! of the disease. f sad i 
Overdosage: Acute overdosage in humans has not been reported. Signs observed at the f o 40 jou rnals ` 
aaner doses Meat hs to emn LDsg in — were repi ao y AVIUGUIOS and ï ; : 4 
convulsions. No specific treatment for overdosage is known: treatment must i i j * 
eng N PA / e 1/ clinical loose leaf services \ 
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The piercing pain 

and discomfort of swollen 
hemorrhoids. Now, fast relief 
through the triple action 

of Corticaine’ Cream: 


CO Dibucaine to relieve pain 
A powerful topical anesthetic that promptly 
blunts piercing pain 

CO Hydrocortisone to reduce inflammation 
Shrinks swollen hemorrhoidal tissue and exerts 
effective antipruritic action to relieve itching 


O Menthol for a soothing, cooling effect 
Cooling action rapidly alleviates the burning 


CORTIC 


CREAM 29508 
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“ CORTICAINE 


EAM Zidane 0a 
ONLY, FOR EFFECTIVE 
EF OF HEMORRHOIDAL 
SYMPTOMS 


BRIEF SUMMARY 
OF PRODUCT INFORMATION 


CORTICAINE® Cream 

(hydrocortisone acetate and dibecsine) 

INDICATIONS AND USAGE: CORTICAINE Craam is Indicated 
for the rallef of the inflammatory manifestations of cortico- 
sterotdrespansive dermatosis. When combined with other 
recognized therapeutic measures, R is recommended for 
the symptomatic rellef of itching, pain, and irritation of 
certain anorectal, anogenital, and dermatological cond!- 
tions. On the skin, it offers symptomatic relief in atopic 
dermatitis, sumac or Ivy dermatitis, mild sunbum, minor 
burns, insect bites, prickly heat, eczema, post-anal sur- 
gery, diaper rash, and intertrigo. When introduced into the 
rectum, it helps to relieve the Itching, pain, and inflamma- 
tion of internal hemorrhoids, es well as the anorectal dis- 
comfort of associated conditions such as proctitis, 
papillitts, and cryptitis. When applied perianally, it can pro- 
vide symptomatic relief from pruritus ani and external hem- 
orrhokds. 


CONTRAINDICATIONS: Local tuberculosis, fungal and viral 
infections. Topical sterokis and local anesthetics are con- 
traindicated in those patients with a history of hypersensi- 
tivity to any of the components of the preparation. Not 
recommended for use in such diseases as pemphigus and 
discoid lupus erythematosus. 


PRECAUTIONS: General: Avoid usa in the ayes. Do not apply 
to extensive areas for prolonged periods or with occlusive 
dressings as there may ba Increased systemic absorption of 
the ingredients. If irritation develops, the product should 
be discontinued and appropriate therapy Instituted. In the 
presence of a secondary bacterial Infection, the use of an 
appropriate antibacterial agent should be instituted; if a 
favorable response does not occur promptly, thls prepara- 
tion should be discontinued until the Infection has been 
adequately controlled. Should not be used rectally without 
adequate proctologic examination. Not to be used with 
anorectal fistulas and abscesses, 


Usage In Prognamcy: Although topical steroids have‘not 
been reported to have an adverse effect on human preg- 
nancy, the safety of their use In pragnant women has not 
been absolutely established. in taboratory animais, 
Increases in incidence of fetal abnormalities have been 
associated with exposurs of gestating females to topical 
corticosteroids—in some cases, at rather low dosage levels. 

Therefore, drugs of this class should not be used exten- 

Sively on pregnant patients, in large amounts, or for pro- 
tonged periods of time. 

ADVERSE REACTIONS: The following local adversa reactions 
have been reported with topical corticosteroids, especially 
under occlusive dressings: burning sensations, itching, 
irritation, dryness, folliculitis, hypertrichosis, acne-form 
eruptions, hypopigmentation, perioral dermatitis, allergic 
contact dermatitis, maceration of the skin, secondary 
infection, skin atrophy, striae, and millazia. 


DOSAGE AND ADMMMISTRATIDN: For Rectal Use: Cleanse the 
rectal area and dry thoroughly before use. Attach plastic 
applicator to tube, and squeezes tube lightly to fili applica- 
tor with cream. Lubricate applicator with cream, then gent- 
ly Insert Into rectum and squeeze tube again lightly to 
extrude a similar applicator dose of cream Into the rectum. 
Can also ba applied topically to Irritated anorectal tissues. 
Use moming and evening and after gach bowel movement. 
The recommended duration of treatment Is two to six days. 


For Topical Ure: Apply to affected areas of the skin two to 
four times daily. The recommended duration of treatment I$ 
two Weeks. 


HOW SUPPLIED: CORTICAINE Cream (hydrocortisone ace- 
tate 0.5% and dibucaine 0.5%) is supplied in a 1 oz tube 
with a rectal applicator (NDC 0173-0358-72), 


Keep container well closed and store between 15° and 30°C 
(59° and 86°F). 
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Its alot easier to fight cancer 
before you get it. 

Scientists estimate that up to 60% 
of all cancer could be prevented. 

By simply making a few changes 
in your lifestyle. 

By not getting too much sun. By 
not smoking cigarettes. By not 
overeating. And by following a diet 
high'in fiber and low in fat. 

By simply doing these few things. 
you could drastically reduce your 
risk of getting cancer. 

Sure, you could 

still get cancer. 

But why not give 
yourself the odds 
against it? 
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Help us keep winning. 
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| “you can eran hemostasis 
i fs seconds over large body surface 
areas. Each depression of the - et 
4 _ pump offers an even distribution 
| N solution—q@ U Biom hemostasis of the total a 
f The THROMBOSTAT Wailable in a convenient sterile kit that feat ra 
Æ a20,000-unit vial of THROMBOSTAT ( (a practical size for procedures involving 
capillary bleeding), an appropriate measure of diluent, and a pump sprayer- 
k cap. The kit offers sterile packaging—permitting the entire contents to be : 

, brought directly into the sterile field. With the new THROMBOSTAT kit, 


it has never been simpler 
STERIi E to control capillary bleeding. 
Please see next page for brief summary 
of prescribing information. _ 
THR OMBIN, USP.. 


For more information about the 
convenient THROMBOSTAT ™ KIT, 
simply fill out the coupon and mail to: 


Parke-Davis, Division of Warner-Lambert Company, 
201 Tabor Road, Morris Plains, New Jersey 07950. Attn: Nancy Caprio, 
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THROMBOSTAT™ (THROMBIN, USP) (Bovine Origin) 


Before prescribing. please see full prescribing information. A Brief 
Summary follows: 

Thrombostat must not be injected! Apply on the surface of bleeding 
tissue as a solution or powder. 

INDICATIONS AND USAGE: Thrombostat (Thrombin, USP) is indi- 
cated as an aid in hemostasis wherever oozing blood from capillaries 
and small venules is accessible. 

In various types of surgery solutions of Thrombostat may be used 
in conjunction with Absorbable Gelatin Sponge. USP for hemostasis. 
CONTRAINDICATIONS: Thrombostat is contrair-dicated in persons 
known to be sensitive to any of its components and/or to material of 
bovine origin. 

WARNING: Because of its action in the clotting mechanism, Throm- 
bostat must not be injected or otherwise allowed to enter large blood 
vessels. Extensive intravascular clotting and even death may result. 
Thrombostat is an antigenic substance and has caused sensitivity 
and allergic reactions when injected into animals. 

PRECAUTIONS: General: Consult the absorbable gelatin sponge 
product labeling for complete information for use prior to utilizing the 
thrombin-saturated-sponge procedure. 

Pregnancy—Teratogenic effects: Pregnancy Catagory C. Animal 
reproduction studies have not been conducted w-th Thrombin, Topi- 
cal (Bovine). It is also not known whether Thrombin, Topical (Bovine) 
can cause fetal harm when admunistered to a pregnant woman or 
can affect reproduction capacity. Thrombin, Topical (Bovine) should 
be given to a pregnant woman only if clearly indicated. 

Pediatric Use: Satety and effectiveness in children have not been 
established. 

ADVERSE REACTIONS: An allergic type reaction following the use of 
Thrombostat for treatment of epistaxis has been reported. Febrile 
reactions have also been observed following the use of Thrombostat 
In certain surgical procedures but no cause-effect relationship has 
been established. 

DOSAGE AND ADMINISTRATION: General: Solutions of Thrombostat 
may be prepared in sterile distilled water or isotonic saline. The 
intended use determines the strength of the soluticn to prepare. For 
general use in plastic surgery, dental extractions, skin grafting 
neurosurgery, etc, solutions containing approxin.ctely 100 units per 
ml are frequently used. For this, 10 ml of diluent added to the 1000 unit 
package is suitable. Where bleeding is profuse, as from cut surfaces 
of liver and spleen, concentrations as high as 1000 to 2000 units per ml 
may be required. For this the 500C unit vial dissolved in 5 ml or 2.5 ml 
respectively, of the diluent supplied in the package is convenient. 
Intermediate strengths to suit the needs of the case may be prepared 
by selecting the proper strength package and dissclving the contents 
in an appropriate volume of diluent. In many situations, it may be 
advantageous to use Thrombostat (Thrombin, USP) in dry form on 
oozing surfaces 

Caution: Solutions should be used the day they are prepared. The 
solution may be used for up to 6 hours when stored at room tempera- 
ture; up to 24 hours when stored under refrigeration, and, if neces 
sary, up to 48 hours when stored frozen 

The tollowing techniques are suggested for the topical application 
of Thrombostat. 

l. The recipient surface should be sponged (not wiped) free of blood 
before Thrombostat ıs applied. 

2. Aspray may be used or the surface may be flooded using a sterile 
syringe and small gauge needle. The most effective hemostasis 
results when the Thrombostat mixes treely with the blood as soon as 
it reaches the surface. 

3. In instances where Thrombostat in dry form is needed, the vial is 
opened by removing the metal ring by flipping up the plastic cap 
and tearing counterclockwise. The rubber-diaphragm cap may be 
easily removed and the dried Thrombostat is then broken up into 

a powder by means of a sterile glass rod or other suitable sterile 
instrument. 

4. Sponging of treated surfaces should be avoided ir. order that the 
clot remain securely in place. 

Thrombostat may be used in conjunction with Absorbable Gelatin 
Sponge, USP as follows: 

l. Prepare Thrombostat solution of the desired strength. 

2. Immerse sponge strips of the desired size in the Thrombostat solu- 
tion. Knead the sponge strips vigorously with moister.ed gloved fin- 
gers to remove trapped air, thereby facilitating saturction of the 
sponge. 

3. Apply saturated sponge to bleeding area. Hold in place for 10 to 15 
seconds with a pledget of cotton or a small gauze sponge. 
Thrombostat Kit: Thrombostat Kit contains one sterile 20,000 unit via! 
of Thrombostat, one sterile vial of Isotonic Saline Diluent, and one 
sterile pump sprayer cap. The Kit may be used as follows: 

1. Remove the Tyvek blister lid by pulling up at the indicated corner. 
The sterile inner tray can be lifted out or introduced ino the operat- 
ing field. 

2. The cover to the sterile inner tray is removed by pulling up on 

the finger tab, exposing the sterile contents. 

3. Thrombostat solution of the desired strength is prepared and the 
pump sprayer cap inserted and seated on the Thrombostat solution 
vial. Note: Several strokes of the pump sprayer will be required 
before the Thrombostat solution is expelled. 

4. Alternatively, when Thrombostat in dry form is needed, the vial is 
opened as described above and the dried Thrombosta- broken up 
into a powder by means of a sterile glass rod or other suitable sterile 
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1986 Postgraduate Course Advertisement 


The American Association 
for the 
Study of Liver Diseases 
announces its 


37th Annual Postgraduate Course 
Hepatology Update: Portal Hypertension 
and Viral Hepatitis 


The 37th Annual Postgraduate Course of the American Associa- 
tion for the Study of Liver Diseases will be held at the Chicago 
Marriott Hotel on Sunday, November 2 and Monday, November 3, 
1986. Director of the Course is Dr. Donald Ostrow, Vice President of 
the AASLD. Co-Directors of the Course are Doctors Roberto 
Groszmann and Jay Hoofnagle. On Sunday, November 2, portal 
hypertension, varices and ascites will be discussed. In addition 
there will be a critical review of the therapy of portal hypertension. 
The following day, an extensive review of viral hepatitis will be 
presented with special emphasis on the diagnosis of viral hepatitis 
and the diseases induced by the various viral hepatitis viruses. A 
new innovation this year will be several luncheon workshops which 
will emphasize the medical evaluation of portal hypertension, as well 
as methodology of sclerotherapy. In addition. there will be the tradi- 
tional Meet-the-Professor luncheons. The afternoon session will 
include a series of lectures on the prevention of viral hepatitis 
emphasizing the present vaccines, maternal-infant spread, future 
vaccines, screening for hepatocellular carcinoma, as well as ses- 
sions on new techniques in the treatment of viral hepatitis, and 
fulminant liver failure. 


FEES: AASLD Members $140 
Nonmembers 225 
Trainees 100 
Luncheons 15 

Workshops on methodology 25 


CME Credits: 16 hours 


For further information and registration brochures please contact: 


Louise Ince, Slack, Inc., 6900 Grove Road, Thorofare, 
NJ 08086-9447: phone #609-848-1000 
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Presidential Address: A Tradition of Humanism 


The Voluntary Hospital 





W. GERALD AUSTEN, M.D. 


before you today to.give The American Surgical As- 

sociation Presidential Address. I am tremendously 
honored to have been chosen your President, and I thank 
you once again. 

As we all know, medicine in this country is undergoing 
the most rapid change in its history, and such change 
always precipitates interesting controversies and difficult 
choices. I believe that the potential victims of the present 
chaos and those most in danger are the voluntary hospitals 
and the needy patients who have historically looked to 
these hospitals as benefactors. As the concept of charitable 
hospitals is being threatened in this country, perhaps we 
need to recall the origins of these institutions and the vi- 
sions of their founding fathers and weigh their role in our 
society. With this in mind, I have chosen to speak about 
the history of the institution where I have worked for 
more than 30 years, one of the first voluntary hospitals 
in America. The values upon which the Massachusetts 
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From the Department of Surgery, Massachusetts General 
Hospital, Boston, Massachusetts 


General Hospital was founded and the stories of its evo- 
lution over the better part of the last 2 centuries can serve 
to remind us of the dilemmas that we in medicine face 
today. The stories that I will relate are about the challenges 
that faced the men and women of earlier years, and the 
decisions they made, based frequently on humanistic val- 
ues——values which I believe we would do well to remember 
in the 1980s. There are examples of noble, visionary men 
and women, of innovation, and also of a few missed op- 
portunities, a few cranky characters, and at least one full- 
fledged villain. 

Members of this audience who have enjoyed long as- 
sociations with one hospital will recognize from their own 
experiences how fine institutions, with all their contra- 
dictions and eccentric personalities, generate great affec- 
tion. Each hospital evolves an individual character. The 
older ones are like a vaguely respected ancestor on the 
family tree. When we arrive in them as young residents 
or staff members, we do not pay attention to the past. But 
as time goes by, rumors and tales arouse curiosity. We 
explore the history and discover that the facts are even 
richer than folklore. We find idealism, bold risks, mistakes, 





Fic. 1. Reverend John Bartlett, circa 1809 (courtesy of Massachusetts 
General Hospital Archives). 


a usually well-concealed scandal or two, some lackluster 
years, some grand accomplishments—all bound together 
by integrity of values. We develop a pride in belonging 
to the tradition, imperfect though it may be. And, when 
called upon to make decisions about hospital policy, we 
try to make choices consistent with the best elements of 
that tradition. 

The tradition of the Massachusetts General Hospital 
goes back to the first decade of the 19th century. Even by 
the standards of the time, medical care in Boston in 1800 
was far from satisfactory. Two general hospitals had been 
established elsewhere in the United States and were flour- 
ishing. The Pennsylvania Hospital, which opened in Phil- 
adelphia in 1756, was already a venerable institution in 
a young nation. The New York Hospital had been re- 
ceiving patients since 1791, Both hospitals cared for the 
poor and the insane. But Boston had no general hospital. 
Its medical facilities consisted of a quarantine station on 
one of the harbor islands, a Dispensary which had opened 
in 1796, and an Almshouse. The Almshouse was for petty 
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offenders and the “deserving poor,” healthy or ill, diseased 
in body or mind, of both sexes. The public image of the 
Almshouse was, therefore, a tainted one. Criminals, pros- 
titutes, paupers, the insane, and the sick all huddled under 
one roof, and illness became associated with sinfulness. 
Citizens of Boston with any means at all stayed at home 
in the care of their families. 

Acting on popular sentiment to remove the Almshouse 
from the center of town, Boston built a new one in 1801. 
This building was close to the site where the Massachusetts 
General Hospital now stands and was designed by Charles 
Bulfinch, later the hospital’s architect. Bulfinch’s Alms- 
house tried to address medical needs by providing separate 
quarters for the physically ill along with eight cells for the 
insane. The town employed a physician to care for the 
sick. But the building became overcrowded and filthy soon 
after it opened, and its keepers were not very scrupulous 
about segregating the healthy from the ill, or the criminals 
from the honest poor. The medical attention was, for all 
intents and purposes, custodial. The shortcomings of the 
Almshouse as a medical resource soon became apparent. 
The opening of two marine hospitals around the turn of 
the century did nothing to solve the broader problems of 
the civilian population. 

These unsatisfactory circumstances signaled a need for 
a general hospital to wealthy, responsible members of the 
Boston community. In 1804 William Phillips left $5000 
to the Town of Boston towards the building of a hospital. 
No one took advantage of his bequest for 6 years. Then 
the Reverend John Bartlett (Fig. 1), who served as Chap- 
lain of the Almshouse from 1807 to 1810 decided that 
something had to be done about the miserable conditions. 
He inspected the hospitals in Philadelphia and New York. 
In March 1810, he sent letters to about 20 local gentlemen 
of substance requesting them to meet with him the fol- 
lowing week. These men, accustomed to public respon- 
sibility, responded. 

Reverend Bartlett was especially concerned with the 
plight of the insane and appealed for the establishment 
of an asylum. However, doctors within the group raised 
the possibility of a general hospital. A few gentlemen ob- 
jected: the plan was too ambitious, too expensive. It would 
never fly. However, the doctors argued their case persua- 
sively, and the plan proceeded. In fact, two separate in- 
stitutions were ultimately developed: The Asylum, now 
the McLean Hospital, and the Massachusetts General 
Hospital. 

The movement for the establishment of a general hos- 
pital was carried forward by two young, prominent doctors 
who had attended Reverend Bartlett’s meeting: Dr. James 
Jackson (Fig. 2A) and Dr. John Collins Warren (Fig. 2B). 
Their names, more than any others, are associated with 
the founding of the Massachusetts General Hospital. By 
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Fics. 2A and B. A. Dr. James Jackson as a young man (courtesy of Massachusetts General Hospital Archives). B. Dr. John Collins Warren in his 


prime (courtesy of Massachusetts General Hospital Archives). 


the standards of the time, they were both excellent doctors. 
They had studied medicine in European hospitals, a form 
of training considered superior to local education. Dr. 
Warren was adjunct Professor of Anatomy and Surgery 
at the Medical Institution at Harvard, and Dr. Jackson, 
Professor of Clinical Medicine. What marks them in my 
mind is their efforts to advance the profession of medicine. 
Not only were they involved in the establishment of the 
hospital, but in 1812 they jointly founded the New 
England Journal of Medicine and Surgery, which later 
became the New England Journal of Medicine. Dr. Jack- 
son was one of the founders of the American Medical 
Association and served as its president. Their activities to 
improve medical training and the exchange of information 
among doctors demonstrate how sensitive they were to 
the inadequacies of medical practice and how unwilling 
they were to accept the status quo. 

On August 10, 1810, Drs. Jackson and Warren circu- 
lated a letter to Boston’s wealthiest and most influential 
citizens, appealing for funds to build a hospital. The letter 
reminded its readers of their moral obligation to aid the 
poor in sickness. “In countries where Christianity is prac- 


tised,” it read, “it must always be considered the first of 
duties to visit and to heal the sick.” Drs. Jackson and 
Warren offered specific examples of people whom the 
hospital would help: the poor lodged in garrets, deprived 
of wholesome food, medicines, and “that first requisite 
in sickness, a kind and skilful nurse”; wage earners forced 


out of work by protracted illness; individuals without 


families; servants unable to stay in their employers’ homes 
when they fell sick; pregnant women who could not pro- 
vide for themselves at the time of delivery; journeymen 
who became ill in boarding houses. 

Lastly, Drs. Jackson and Warren brought up the subject 
dearest to their hearts, the “collateral advantage that would 
attend the establishment of a hospital in this place.” “A 
hospital,” they stated, “is an institution absolutely essential 
to a medical school.” They pointed out that “the only 
medical school of eminence in this country is that at Phil- 
adelphia, nearly 400 miles distant from Boston; and the 
expense of attending that is so great, that students from 
this quarter rarely remain at it longer than one year.” 

Unfortunately, when this letter was circulated, Boston’s 
merchant bankers were short on capital and worried about 
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Fic. 3. MGH in 1821 (courtesy of Massachusetts General Hospital Ar- 
chives). 


a new embargo on trade with England. However, they 
supported the principle of a hospital and pledged funds 
for some indefinite time in the future. Therefore, though 
they had no money, the organizers could proceed with 
the legal arrangements. On February 25, 1811, the Great 
and General Court of the Commonwealth (as the Mas- 
sachusetts legislature was, and is still, so grandly named) 
signed a charter for the Hospital. The report of the leg- 
islative committee that reviewed the matter clearly stated 
that the hospital was to be a charitable institution, par- 
ticularly for the indigent but also for any others who might 
seek surgical and medical care at a modest cost. The 
Charter created a Corporation, a 12-member Board of 
Trustees, including four members appointed by the Gov- 
ernor, and other administrative apparatus. The Charter 
further designated the institution’s name as the Massa- 
chusetts General Hospital. On April 23, 1811, the first 
meeting of the MGH Corporation was held with former 
United States President John Adams as moderator. 
Among the corporate members were a future U.S. Pres- 
ident (John Quincy Adams), a future U.S. Vice President 
(Elbridge Gerry), and a future Supreme Court Justice (Jo- 
seph Story). 

The legislature aided the development of the hospital 
with the donation of a valuable property, the Province 
House, contingent on additional private contributions 
amounting to at least $100,000—probably one of the first 
matching grant programs. Although the Massachusetts 
General Hospital never occupied the premises, the Trus- 
tees leased Province House for many years and eventually 
sold it for a handsome profit. The Commonwealth took 
other supportive steps. It required some percentage of the 
profits of life insurance companies, as a condition of their 
charters in the state, to go to the hospital. Although these 
arrangements have not been operative for many decades, 
they provided a significant income for the hospital during 
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its early years. Finally, when the hospital was nearing 
construction, the legislature passed a bill ordering convicts 
of the state prison to cut the granite for the new building. 

At this point the state quietly retreated from hospital 
affairs for well over 100 years. Though chartered by the 
Commonwealth and accountable to it from its inception, 
the Massachusetts General Hospital fulfilled this obliga- 
tion through simple formalities, cooperated with the State 
Board of Health, and pursued its development indepen- 
dently. The presence of four appointees of the Governor 
on the Board of Trustees was apparently considered suf- 
ficient safeguard that the MGH, a private nonprofit in- 
stitution, would live up to its pledges of high standards 
of medical care. It is interesting to consider how this at- 
titude of mutual respect and trust has changed in the 
modern era of regulatory agencies. 

Fund-raising efforts, interrupted by the War of 1812 
and a severe economic decline in Boston, resumed at the 
end of 1816. House-to-house canvassers, taking advantage 
of the Christmas season, raised $79,000 in 3 days and 
over $100,000 in less than a year from 1047 subscribers.” 
Although wealthy patrons contributed most of the money, 
many people of modest means donated small sums 
through church benevolent societies. In 1817 Drs. Jackson 
and Warren were named Acting Physician and Acting 
Surgeon, respectively, of the hospital. They helped plan 
for the building at its present location in the West End of 
Boston, and the Trustees commissioned Bulfinch to pre- 
pare the design. The 73-bed Massachusetts General Hos- 
pital admitted its first patient on September 3, 1821 (Fig. 
3). Such was the fear of hospitals that no other patient 
sought admission until September 20th, 17 days later!’ 

Certain facets of the early operation of the hospital re- 
veal the philosophical values upon which it was built. 
Until the construction of Phillips House, a pavilion for 
private parties, in 1917, the overwhelming majority of the 
hospital’s patients were poor or people of humble re- 
sources. In 1825 the Trustees voted that a free bed for | 
year would be designated in the name of anyone who 
contributed $100 to the hospital. The success of this sys- 
tem was so great that for many years the hospital gave 
free care to approximately 40% of its patients.* Meanwhile, 
hospital rates were set low, theoretically just enough to 
cover costs. But patients were only expected to pay what 
they could afford, frequently below the rate. Fortunately, 
gifts to the hospital’s general fund helped the hospital to 
cover its customary operating deficits and to expand fa- 
cilities. One of these gifts, an Egyptian mummy named 
Padihershef (Fig. 4), which was donated in 1823 by a 
Dutch Merchant, was sent on a traveling exhibit to East 
Coast cities and raised $1500 for the MGH in a year.” 
“Padi” then returned to the MGH where, except for a 
stay at the Museum of Fine Arts, he remained until 1984. 
At that time it was observed that he was suffering from 
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loose wrappings and sawdust in his case, and he was re- 
ferred to another museum for treatment. 

The hospital charged the more affluent patients who 
occupied the few private rooms “ʻa reasonable compen- 
sation for medical and surgical attendance, and for med- 
icines used in their treatment.” In 1844 Dr. Warren sug- 
gested that such revenues should be “appropriated to in- 
creasing the number of free beds for poor patients.” The 
Trustees approved these suggestions with minor modifi- 
cations, thereby establishing a system through which 
wealthier patients helped subsidize the poor. It should 
also be noted that physicians gave freely of their services 
to the MGH in the care of all patients. Some, like Dr. 
Warren, came from wealthy families and could afford such 
generosity. Others collected fees from the patients they 
treated in their homes as well as tuition fees from Harvard 
Medical School students. In 1881 the Trustees issued the 
following directive: “To avoid any misunderstanding in 
the future, on the part of the professional staff and the 
public, in regard to the taking of payment of fees for ser- 
vices rendered or received in the Massachusetts General 
Hospital, the Board of Trustees hereby declare that all 
professional services are gratuitous, and that any physician 
or surgeon accepting an appointment upon the staff, 
thereby waives all claim for compensation in money, and 
performs his duty as a charity to the sick and disabled 
patients under his care, and for the advancement of med- 
ical and surgical science.’ This system of free service 
remained in place until 1917. 

Although charitable instincts motivated these doctors, 
most of them appear to have been driven by an equal 
desire to advance medical knowledge and to have under- 
stood that this objective was best served in a teaching 
hospital. 

From the beginning, the Massachusetts General Hos- 
pital was a teaching hospital of the Harvard Medical 
School. The School, which had been organized in 1783, 
held court for several years in Holden Chapel (Fig. 5A) 
in Harvard Yard and was called the Medical Institution 
at Harvard. Its professors were compensated by ticket 
charges paid by students for admission to lectures. Until 
1810 the students had no opportunities to attend clinics, 
an educational gap that frustrated the professors. In that 
year the faculty succeeded in convincing the Overseers of 
the Poor (the trustees of the Almshouse) that professors 
or lecturers should be permitted “to attend their pupils 
to the patients of the Almshouse of Boston.” When the 
Massachusetts General Hospital opened in 1821, clinical 
training relocated there. 

The Medical School professors had been eager for some 
time to move the school from Cambridge to more pop- 
ulous Boston, and in 1806 Dr. Warren began the migra- 
tion from Harvard Yard by giving lectures in surgery and 
anatomy above White’s Apothecary Shop in the center 
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Fic. 4. The Egyptian mummy, Padihershef, and his case (courtesy of 
Massachusetts General Hospital Archives). 


of Boston. By 1810 nearly all of the seven-member faculty 
were holding lectures there. In 1812 the state legislature 
voted funds to construct a medical school facility on Ma- 
son Street in Boston. The building (Fig. 5B), completed 
in 1816, was called the Massachusetts, instead of the Har- 
vard, Medical School. The new name was, perhaps, ap- 
propriate since, although the faculty were Harvard Pro- 
fessors, for all practical purposes the school operated au- 
tonomously. In 1846, when the school had outgrown the 
Mason Street building, the faculty urged that it be relo- 
cated adjacent to its clinical material at the MGH. The 
hospital Trustees did not respond very warmly to this 
idea, noting that “they cannot perceive any advantage to 
this institution to arise therefrom.’ Nevertheless the 
Medical School installed itself on nearby North Grove 
Street in 1847 (Fig. 6). There it remained until 1883 when 
it moved to Boylston Street. By that time the School was 
also using the Lying-in Hospital, the Boston City Hospital, 
the Free Hospital for Women, and the Children’s Hospital 
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Fics, 5A and B. 4. Holden Chapel in Harvard Yard (courtesy of Francis A. Countway Library). B. The medical school facility on Mason Street in 


Boston (courtesy of Francis A. Countway Library). 


as teaching facilities. Finally, in 1906, the Harvard Medical 
School came to rest at its present location on Longwood 
Avenue (Fig. 7). The Peter Bent Brigham Hospital, which 
opened in 1913, and the Beth Israel Hospital, which 
opened in 1916, were built close by and joined the Harvard 
family, as would other distinguished hospitals still later. 
The system has evolved so that now all of the major hos- 
pitals affiliated with the Harvard Medical School—the 
Brigham and Women’s, the Beth Israel, the New England 
Deaconess, the Children’s and the MGH—have essentially 
equal status in the school, an arrangement that seems 
appropriate and works extremely well. 

Unfortunately, sometime around midcentury, the 
Medical School settled into a state of self-satisfaction. 
When Charles William Eliot (Fig. 8) became President of 
Harvard in 1869, he pronounced medical education in 
general and the Harvard Medical and Dental Schools in 
particular “the worst equipped departments of the Uni- 





Fic. 6. The medical school building on North Grove Street: the MGH 
at left of photograph (courtesy of Harvard Medical Library). 


versity.”'° He observed sourly that “[t]he ignorance and 
general incompetence of the average graduate of American 
Medical Schools, at the time when he receives the degree 
which turns him loose upon the community, is something 
horrible to contemplate.”'' Only the Chicago Medical 
School had a 3-year graded course, which it had initiated 
in 1859. At Harvard the prerequisites for admission con- 
sisted of an “honorable character” and the ability to pay 
the lecture fees. There was no need for even a high school 
diploma. Such reasonable-sounding course requirements 
as existed on paper were not enforced. There was no sys- 
tematized curriculum and there were no laboratories. Al- 
though degree candidates had to present dissertations, 
these were usually flimsy efforts. According to Eliot’s 
biographer, Henry James, final examinations were “rather 
like the mad tea-party in ‘Alice in Wonderland.’ ”!? Stu- 
dents rushed past nine oral examiners, spending 10 min- 
utes with each one. After a student had finished his rounds, 
the Dean called his name and commanded the examiners 
to vote. The examiners showed cards. If fewer than five 
black spots, which signified failure, were showing, the 
candidate received his degree. “Thus,” James commented, 
“the recipient of a degree might be quite ignorant of four 
of the nine branches of medicine that it was truly essential 
for him to know about.” !? Obviously, this sloppy system 
of education did not bode well for the practice of medicine 
at the MGH. 

President Eliot, a great educational reformer who 
guided Harvard out of the academic doldrums and fash- 
ioned the modern university, determined to reform the 
Medical School. He proposed such revolutionary notions 
as entrance requirements, increasing the annual period 
of study from 4 to 9 months and for a total of 3 years, 
progressive advancement of course material according to 
its complexity, and written examinations at the end of 


each year of study. A conservative element at the Medical 44 
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School, led by Dr. Henry Jacob Bigelow (Fig. 9), then the 
senior surgeon at the MGH, strongly opposed Eliot’s re- 
forms. “He actually proposes,” said Dr. Bigelow, “to have 
written examinations for the degree of Doctor of Medi- 
cine. I had to tell him that he knew nothing about the 
quality of the Harvard Medical students; more than half 
of them can barely write. Of course they can’t pass written 
examinations.’’’* 

But Eliot’s vision prevailed over the protests, and the 
Medical Faculty voted to accept the reforms. The Harvard 
Corporation voted to empower the University to collect 
the fees of students, to administer the School, and to pay 
its professors salaries. The Harvard Board of Overseers, 
which had been wavering on the issue, confirmed the ar- 
rangement after one of its members, Charles Francis 
Adams, described how a young Medical School graduate, 
having obtained his degree by passing the majority of his 
subjects, had been responsible for three sudden deaths in 
rapid succession because, out of ignorance, he had pre- 
scribed overdoses of morphine. 

The new program went into effect in 1871. In 1873 the 
Massachusetts General Hospital acted on Eliot’s proposal 
that the selection of house pupils be based on a competitive 
examination. The hospital also decided to open house 
pupil positions to candidates from all recognized medical 
schools. 

It is interesting to note that the affiliation between the 
Harvard Medical School and the Massachusetts General 
Hospital has always been informal. As the late Dr. Joseph 
Garland wrote, they were “based, like the government of 
England, on certain unwritten conventions. By a tacit 
gentlemen’s agreement both parties recognized their in- 
terdependence, and the representatives of both parties 
being gentlemen (frequently the same gentlemen) mutual 
goodwill usually prevails... .”!° 

As far as Bostonians were concerned, the most fasci- 
nating medically related event of the 19th century had 
nothing to do with the education of doctors or the practice 
of medicine at the Massachusetts General Hospital. It was, 
rather, a story about murder and two gentlemen. The first 
gentlemen was Dr. George Parkman (Fig. 10), patriarch 
of one of the city’s most prominent families. Parkman, a 
physician, had actively sought the position of Physician 
at the MGH asylum and been elected to it by the Trustees. 
However, he resigned before the facility was completed 
and never served. Although he operated a private asylum 
for the insane and practiced some medicine, Dr. Parkman 
devoted most of his time to his business interests. He had 
huge financial assets and real estate holdings. He was a 
generous philanthropist. He had, in fact, donated the land 
on North Grove Street for the Medical School and en- 
dowed a chair in Anatomy. But he was also a tough busi- 
nessman. He expected people who owed him money to 
meet their obligations promptly. The 60-year-old Dr. 
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Fic. 7. The Harvard Medical School on Longwood Avenue, 1906 (cour- 
tesy of Harvard Medical Library). 


Parkman was described as a man “remarkably well-pre- 
served, his most striking feature being a conspicuously 
protruding chin.. . . His lower jaw jutted out so far that 
it made the fitting of a set of false teeth for him a very 





FIG. 8. Charles W. Eliot, President of Harvard from 1869 to 1909— 
picture taken in 1870 (courtesy of Harvard Medical Library). 
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Fic. 9. Dr. Henry Jacob Bigelow, senior surgeon at MGH-—picture taken 
circa 1883 (courtesy of Boston Medical Library), 


difficult job. The dentist who had done that job had never 
forgotten it.”?° 

The second gentleman in this tale was Dr. John W. 
Webster (Fig. 11), Professor of Chemistry at the Medical 
School, a position to which he had been appointed in 
{824 on the recommendation of Dr. Parkman. Professor 
Webster, a short, bespectacled, rumpled man of 56, was 
connected by marriage to distinguished families. His wife 
had social aspirations that included advantageous mar- 
riages for their two daughters. Unfortunately, Dr. Webs- 
ter’s earnings as a Medical School professor could not 
keep pace with her extravagances. Around 1842, he began 
borrowing money from Dr. Parkman. By 1849, Dr. Park- 
man had claims on all of Professor Webster’s property, 
and the latter was hard pressed to meet payments. Dr. 
Parkman did not accept this situation philosophically. He 
hounded Professor Webster outside his house, in the 
streets, in his laboratory, and had even appeared in the 
front row of chemistry lectures, glaring ominously. He 
wrote nasty letters and threatened lawsuits. 

On Friday, November 23, Dr. Parkman left his Beacon 
Hill home in the morning to perform his usual business 
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activities. Someone reported having seen him at 1:40 p.m. 
walking north on North Grove Street in the vicinity of 
the Medical School. He was never seen alive again. When 
he did not return home, his family summoned the City 
Marshall. An all-night search ended in failure. On Satur- 
day the family distributed 28,000 handbills offering a 
handsome reward for information leading to Dr. Park- 
man, alive or dead. On Sunday Professor Webster called 
on the Parkmans, said he had seen Dr. Parkman in his 
laboratory at the Medical School at 1:30 on the day of 
his disappearance, and had paid him $483.64, the precise 
amount of his installment. 

As neither Dr. Parkman nor his remains had yet ap- 
peared, the police searched the Medical School on Mon- 
day. They returned on Tuesday and specifically inspected 





Fic. 10. Cartoon sketch of Dr. George Parkman taking his last walk in 
1849 (courtesy of Harvard Medical Library). 
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Professor Webster’s quarters. They found nothing. How- 
ever, Mr. Ephraim Littlefield, the Medical School janitor, 
had his own suspicions. Acting on his own, he broke 
through a brick wall in the basement below the back room 
of the professor’s laboratory. On Friday, 1 week after Dr. 
Parkman’s disappearance, the janitor found the dismem- 
bered and charred remains of a human body. Dr. Park- 
man’s brother-in-law was called. He thought he recognized 
the set of false teeth. Dr. Parkman’s dentist identified those 
teeth with certainty. The police promptly arrested Pro- 
fessor Webster. Boston society went into a state of shock. 

The trial began in March of 1850. It had all the excite- 
ment, drama, and intrigue of the recent Von Bulow trial: 
distinguished Harvard professor with social connections 
accused of murdering doctor with close Harvard ties who 
belonged to a very wealthy, prominent Boston family. 
The gallery area of the courtroom was very small. In order 
to accommodate the spectators, it was decided to rotate 
them through the gallery at 10-minute intervals. Thus, 
more than 60,000 visitors saw some small portion of the 
trial. Dr. Oliver Wendell Holmes, Dean of the Medical 
School, joined many other leading local physicians and 
surgeons, a number of whom were associated with the 
MGH, in testifying as a character witness for Professor 
Webster. Nathaniel Bowditch, Chairman of the MGH 
Board of Trustees, also testified in his behalf. So, too, did 
Jared Sparks, President of Harvard, who made the mem- 
orable remark that “our professors do not often commit 
murder.” 17 

Professor Webster proclaimed his innocence through- 
out the trial. But circumstantial evidence, the testimony 
of the janitor, and the dentist’s identification of the false 
teeth convinced the jury otherwise. Professor Webster was 
found guilty and sentenced to hang. Despite efforts from 
people in high places to have the sentence commuted, he 
was executed. According to a clergyman who visited him 
in jail, the professor admitted his guilt before his death. 
But the Boston aristocracy argued the case for decades, 
and many people were never satisfied with the jury’s ver- 
dict. 

It is interesting to observe that in the MGH history 
covering the years 1811 to 1851, a 442-page volume writ- 
ten by Mr. Bowditch, there is not one word about the 
murder. However, Drs. Mark Altschule and Henry 
Beecher’s recent history of the Harvard Medical School 
comments that murder “fortunately did not become the 
established way of settling disputes within the Harvard 
faculty.” 

The only event at the Massachusetts General Hospital 
during the 19th century to have commanded almost as 
much public attention as the murder was a medical de- 
velopment of great consequence. In the amphitheater in 
the dome of the Bulfinch Building at the hospital is a 
plaque that reads: “On October 16, 1846, in this room; 
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FIG. 11. Professor John W. Webster, 1849 (courtesy of Harvard Medical 
Library). 


then the operating theatre of the hospital, was given the 
first public demonstration of anesthesia to the extent of 
producing insensibility to pain during a serious surgical 
operation. Sulphuric ether was administered by William 
Thomas Green Morton, a Boston dentist. The patient 
was Gilbert Abbott. The operation was the removal of a 
tumor under the jaw. The surgeon was John Collins War- 
ren. The patient declared that he had felt no pain during 
the operation and was discharged well, December 7th. 
Knowledge of this discovery spread from this room 
throughout the civilized world and a new era for surgery 
began.” 

You may notice that this is a carefully worded state- 
ment, because there has been considerable controversy 
over how the credit for general anesthesia ought to be 
divided. But there is certainly no controversy concerning 
its importance to medicine. 

The practice of administering narcotic agents to de- 
crease pain can be traced back to the ancient Egyptians, 
Chinese, Romans, and Greeks. Ether had been produced 
in the 16th century by Valerius Cordus and had been 
used for many years by doctors in the treatment of various 
painful diseases. During the early 19th century, ether 
gained popularity as a social drug, particularly among 
medical students who inhaled it to achieve what is now 
called a “high.” Then, in March 1842, Dr. Crawford W. 
Long (Fig. 12), a country doctor from Jefferson, Georgia, 
removed a small tumor from the nec ematie 
ether as anesthesia. Over the nex 









FiG. 12. Dr. Crawford W. Long, circa 1841 (courtesy of Massachusetts 
General Hospital Archives). 


performed a few more minor surgical procedures using 
ether. However, he did not publish any information about 
his work until December 1849, 7 years later, when he 
wrote a paper for The Southern Medical and Surgical 
Journal. He had apparently never heard the saying “‘pub- 
lish or perish.” 

At this point the path to ether requires a brief detour 
through laughing gas. The English clergyman and chemist, 
Joseph Priestly, isolated nitrous oxide in 1776. Sir Hum- 
phrey Davy, an English physician—chemist, spent many 
years studying the properties of the gas. By 1799 he had 
arrived at the belief that it “may probably be used with 
advantage during surgical operations in which no great 
effusion of blood takes place.”!? Though others continued 
to investigate nitrous oxide, “laughing gas” found a place 
as a curiosity in popular exhibitions rather than in the 
operating rooms of hospitals. 

But in 1844 Horace Wells (Fig. 13), a dentist in Hart- 
ford, Connecticut, who had seen one of these side-show 
demonstrations, decided to try nitrous oxide during dental 
surgery. Using himself as a research subject, he had a col- 
league extract one of his own teeth while he breathed the 


AUSTEN 


Ann. Surg. « September 1986 


gas. He experienced no discomfort. He proceeded to try 
his technique on about a dozen patients. Excited by his 
success, Dr. Wells hurried to Boston and appealed to Dr. 
Morton (Fig. 14), a dentist who had formerly been his 
partner but was now studying at the Harvard Medical 
School, to help him arrange a demonstration of his pro- 
cedure. Dr. Warren (Fig. 15)—-the same Dr. Warren who 
had helped found the MGH—agreed that Dr. Wells might 
appear before his class of students. Wells performed his 
demonstration of the use of nitrous oxide in January 1845 
in the presence of Dr. Warren, Harvard Medical students, 
and Dr. Morton. Unfortunately, the patient—a student 
volunteer who had a toothache—screamed with apparent 
pain when Wells tried to pull his tooth. The students 
hooted in ridicule, and someone shouted “humbug.” Dr. 
Wells left Boston depressed and disgraced. 

Dr. Morton, however, left his former partner’s dem- 
onstration thoughtfully. He, too, was interested in painless 
surgery. He had learned from Professor Charles T. Jackson 
(Fig. 16), a Harvard chemist, that ether could be admin- 
istered as a local agent to treat a painful tooth and that 
inhalation of ether could create total loss of consciousness. 





FiG. 13. Dr. Horace Wells circa 1842 (courtesy of Harvard Medical Li- 
brary). 
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Dr. Morton had been using ether drops in his practice 
since July 1844. Once he had witnessed Dr. Wells’ dem- 
onstration, Dr. Morton turned his attention to perfecting 
a technique for administering ether by inhalation as a 
general anesthetic. By the fall of 1846, he was ready to 
take his show on the road. He went to Dr. Warren, said 
he had found a means of preventing pain during surgery, 
and asked for an opportunity to demonstrate. Dr, Warren 
agreed to give him a chance. The operation took place on 
Friday, October 16th. Dr. Morton administered the ether. 
Dr. Warren performed the surgery (Fig. 17). 

Dr. Warren’s description of the operation was quoted 
by his grandson, Dr. J. Collins Warren during his Presi- 
dential Address to the American Surgical Association in 
1897: 

“The patient was arranged for the operation in a sitting 
posture, and everything was made ready; but Dr. Morton 
did not appear until a lapse of nearly half an hour. I was 
about to proceed, when he entered hastily, excused the 
delay, which had been occasioned by his modifying the 
apparatus for the administration. The patient was then 
made to inhale a fluid from a tube connected with a glass 





Fic. 14. Dr. William T. G. Morton, circa 1859 (courtesy of Massachusetts 
General Hospital Archives). 
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FIG. 15. Dr. John Collins Warren, circa 1848 (courtesy of Massachusetts 
General Hospital Archives). 


globe. After four or five minutes, he appeared to be asleep. 
. . . | made an incision between two and three inches 
long. . . and to my great surprise without any. . . in- 
dication of pain.” Dr. Warren went on to describe the 
operation in detail, adding that the patient began “to move 
his limbs, cry out, and utter extraordinary expressions.” 
These phenomena led Dr. Warren to doubt the success 
of the application of ether until, after the operation when- 
ever he asked the patient whether he had suffered pain, 
the answer was always in the negative. The patient added, 
however, that he remembered the operation and com- 
pared “the stroke of the knife to that of a blunt instrument 
passing roughly across his neck.” 

The demonstration completed, Dr. Warren turned to 
the audience and said: “Gentlemen, this is no humbug!” 

The following day, Dr. Morton administered ether 
while Dr. George Hayward, an MGH surgeon, excised an 
adipose tumor from the arm of a woman. She, too, ex- 
perienced no pain. The concept of general anesthesia had 
been established. It remained for future generations to 
modify and improve the practice. 

The story of the Massachusetts General Hospital and 
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Fic. 16. Professor Charles T. Jackson, circa 1860 (courtesy of Harvard 
Medical Library). 


ather prompts some comments beyond general anesthesia. 
First, that the MGH can lay claim to the first public dem- 
ynstration seems to some extent to have been a matter of 





Fis. 17. No photograph was taken at the time of the original ether anes- 
thesia demonstration. This photograph of a re-enactment dates from the 
spring of 1847. Dr. John Collins Warren is at right, with hands on patient. 
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circumstance. The efforts of Sir Humphrey, Drs. Wells 
and Long, Professor Jackson, and a man named Clarke 
from Rochester, who may also have had some legitimate 
claim to priority, suggest that general anesthesia was a 
concept ready to burst into bloom.” It happened to have 
flowered at the Massachusetts General Hospital. 

Second, one cannot fail to remark upon the courage of 
Dr. Morton, who, had his demonstration failed, would 
have been disgraced, as Dr. Wells had been. Even more 
courageous, perhaps, was Dr. Warren, who had already 
seen one effort end in ridicule yet, nevertheless, risked his 
personal reputation by participating in another attempt. 

Lastly, there was the sordid aftermath of the ether dem- 
onstration: a tangle of lawsuits, patent squabbles, petitions 
to Congress, and personal tragedy. Dr. Morton may have 
been brave, but he was also very greedy. He initially re- 
fused to reveal the components of his anesthetic. He had 
it patented under the name of “‘letheon” and made ready 
to license its use by hospitals and doctors, and to rake in 
the profits. Professor Jackson, of course, knew perfectly 
well what “letheon” was and saw no reason why Morton 
should have exclusive rights to distribute it. He, Dr. Wells, 
and Dr. Long all challenged Dr. Morton’s claims to sole 
credit for the discovery of general anesthesia. Wells, who 
had become addicted to chloroform, ultimately commit- 
ted suicide. Dr. Morton, his funds exhausted by constant 
litigation, died an impoverished, bitter man in 1869. Pro- 
fessor Jackson became a heavy drinker, It is said that, in 
1873, when he saw Morton’s tombstone in the Mount 
Auburn Cemetery. Professor Jackson went berserk. He 
died in the McLean Asylum.”* 

This ugly epilog did not diminish the impact of ether 
in the operating room. Anesthesia transformed surgery 
from an act of “last resort,” fraught with anguish and 
pain for the patient and demanding breakneck speed from 
the surgeon, to a less terrifying, more meticulous form of 
treatment. By the mid-19th century, the use of anesthesia 
permitted the surgeon to work more carefully; however, 
it also added to the time the wound was exposed to bac- 
terial contamination. Of course, for approximately 2 de- 
cades after the public demonstration of ether, the medical 
profession did not know what caused sepsis. Infection was 
generally attributed to environmental factors. 

During the 1860s Baron Joseph Lister, an English sur- 
geon, began to adapt new theories of microscopic sources 
of disease to the practice of surgery. He published an im- 
portant paper on the subject in 1865 and began applying 
techniques of antisepsis to his own patients in 1867. In 
1869 Dr. J. Collins Warren—-as I have already noted, the 
grandson of Dr. John Collins Warren-—-was completing 
his medical studies abroad. He visited Lister and was very 
impressed by what he saw. Dr. Warren came back to the 
Massachusetts General Hospital full of enthusiasm, fully 
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expecting his colleagues to share its excitement. “ ‘After 
returning to Boston,’ he recalled many years later, I offered 
some of these dressings [a putty charged with carbolic 
acid, devised by Lister] in the Massachusetts General 
Hospital, but I was coldly informed that the carbolic acid 
treatment had been discarded... .” 

“The development of antiseptic surgery was slow, la- 
borious and uncertain. Lister’s methods were tried in both 
the Boston hospitals [the MGH and the Boston City], but 
for the most of a decade they were looked at skeptically 
by the older surgeons of the city, who at that time con- 
trolled the surgical field... .”?? 

Among those older surgeons was Dr. Henry J. Bigelow, 
whom I have already mentioned as opposing the Medical 
School reforms, but who, it must be added, had readily 
embraced the concept of general anesthesia. 

And so MGH surgeons continued to operate in old 
broadcloth frock coats that had seen better days and to 
wash their hands fastidiously after operating. When in- 
fection appeared in the wound—and it usually did—they 
removed their stitches and applied a flaxseed poultice to 
encourage drainage. 

It is interesting to speculate why so many surgeons ac- 
cepted anesthesia immediately, yet hesitated about anti- 
sepsis. Some people have suggested that, in the case of 
Dr. Bigelow, more advanced age predisposed his mind to 
be less receptive to novelty. Yet many vounger surgeons 
were equally skeptical. Perhaps a more powerful reason 
for the different attitudes was that the efficacy of ether 
anesthesia was readily observable whereas that of anti- 
sepsis was not, particularly in the early days when those 
surgeons who did try Lister's techniques applied them 
somewhat halfheartedly. Bigelow once said that “it flatters 
neither the vanity nor the scientific sense to exorcise an 
invisible enemy with something very like a censer.” And 
Dr. Samuel D. Gross, founder of the American Surgical 
Association, wrote in the 1882 edition of his textbook, 
System of Surgery, that “I have never found any appre- 
ciable benefit in such a case from the use of antiseptic 
dressings, although they are regarded by many surgeons 
as most valuable accessories.” 

Acceptance of Lister’s teachings came slowly, but they 
gradually took hold and were refined into the concept of 
asepsis. The young Dr. Warren, made of much the same 
stuff as his illustrious grandfather, pursued methods for 
sterilizing surgical dressings. During the winter of 1887- 
88, he used an appliance that had been devised by Prof. 
Harold C. Ernst, a Harvard bacteriologist who had studied 
with Koch. But when Warren returned to the hospital 
after his summer vacation, he discovered that the appli- 
ance had disappeared and that none of his assistants knew 
how to prepare a sterile dressing. “Thus,” he noted crossly, 
“the Massachusetts General Hospital, which is inseparably 
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Fic. 18. Dr. Richard Cabot in 1938 (courtesy of Massachusetts General 
Hospital Archives). 


connected with the first use of ether anesthesia, probably 
lost the chance of being the first hospital in the world to 
use aseptic surgery.”*° In 1898 Halsted introduced the 
sterile rubber glove at Johns Hopkins, and many other 
individuals made important contributions to the devel- 
opment of asepsis and the sterile operation. 

I am now going to move into the early part of the 20th 
century and speak about a Massachusetts General Hos- 
pital innovation of which I am particularly proud: The 
organization of the first Medical Social Service Depart- 
ment in any American hospital. The man responsible for 
this development was Dr. Richard C. Cabot (Fig. 18), a 
physician whose name you may recognize because he was 
also the originator of the CPC “Cabot” cases in the New 
England Journal of Medicine. 

Dr. Cabot, who became a physician in the MGH Out- 
patient Department in 1898, observed that most patients 
were basically on their own once they left the hospital or 
clinic. Occasionally, a doctor, one of the trustees, or a 
hospital administrator might make a special effort to help 
a patient with social or financial problems. The volunteers 
of the Ladies’ Visiting Committee sometimes found pa- 
tients in need of assistance and quietly performed char- 
itable acts. But such gestures were random and, while 
generous, did not systematically address the medical needs 
of patients. It is important to emphasize that Dr. Cabot’s 
motives were primarily medical. He was frustrated by the 
many patients who came to the hospital, received good 
treatment, and were discharged without consideration of 
their living conditions or who might take care of them. 

In 1905 the MGH acted on Dr. Cabot’s advice and, 
somewhat grudgingly, permitted one nurse and two vol- 
unteers “to set up tables and chairs in a corridor of the 
outpatient department... .°*° During its first year, this 
seed of the Social Service Department operated with a 
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EG. 19. Miss Ida Cannon in 1932 (courtesy of Massachusetts General 
Hospital Archives). 


budget of approximately $1500. Dr. Cabot and his friends 
paid these expenses out of their own pockets. 

The workers were initially involved with outpatients. 
They helped patients with tuberculosis, promiscuous or 
pregnant unmarried women, patients with venereal dis- 
ease, and psychoneurotic cases; they counseled about in- 
fant feeding problems and hygiene. Within a few years 
their work had been extended to assisting patients needing 
treatment after discharge from the hospital wards. The 
number of case referrals to the Social Service workers 
leaped from a few in 1905 to 1441 in 1907. 

Dr. Cabot deserves the credit for giving Medical Social 
Service its start at the MGH, Miss Ida Cannon (Fig. 19), 
sister of the physiologist Walter B. Cannon (who was 
Bradford Cannon’s father), joined the group in the cor- 
ridor in 1906 and was made Head Worker in 1907 and 
Chief of Social Service in 1914. Her administrative imag- 
ination and energy made Dr. Cabot’s inspiration thrive. 
She guided the department until her retirement in 1945. 
Under her leadership, MGH Social Service developed 
training programs to educate others in what was essentially 
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a new field, kept scrupulous records to evaluate its own 
performance, and invented programs to assist with various 
categories of problems, such as handicapped patients or 
people who had lost their jobs because of illness. 

The example of Medical Social Service at the MGH 
stimulated the formation of many similar departments 
throughout the United States. Today, more than 80 years 
later, it would be unthinkable to care for patients without 
the invaluable help of medical social workers. Their work 
represents the finest elements in the tradition of American 
voluntary hospitals: social humanism and concern for the 
effectiveness of medical treatment. 

At approximately the same time that Dr. Cabot initiated 
Social Service, a Massachusetts General Hospital surgeon, 
Dr. Ernest Amory Codman (Fig. 20), started to become 
obsessed with the results of surgical treatment. He called 
his interest “the End Result Idea,” explaining that it was 
merely the common sense notion that every hospital 
should follow every patient it treats, long enough to de- 
termine whether or not the treatment has been successful, 





Fic. 20. Dr. Ernest Amory Codman in 1932 (courtesy of Boston Medical 
Library). 
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Fic. 21. Codman’s cartoon, which he unveiled at the medical society meeting on January 6, 1915 (courtesy of Boston Medical Library). 


and then to inquire ‘if not, why not?’ with a view to pre- 
venting similar failures in the future.’”? Dr. Codman was, 
in a sense, following the same path of logic as Dr. Cabot, 
but pursuing a tangent specifically related to surgery. 
However, Dr. Cabot and Dr. Codman had very different 
temperaments. Whereas Dr. Cabot was inclined to intro- 
duce his ideas gently, Dr. Codman attacked head-on. Dr. 
Codman met resistance. 

Dr. Codman, member of a respected Boston family, 
became the House Officer on the MGH East Surgical Ser- 
vice in 1895. He later befriended Harvey Cushing, who 
was appointed a House Officer in 1896. Codman’s cast 
of mind was perhaps signalled by the fact that he and 
Cushing produced the earliest charts recording findings 
during anesthesia. They also worked together developing 
clinical applications of a wonderful new technology called 
x-rays. In 1900 Dr. Codman was appointed Surgeon in 
the Outpatient Department, and from 1902 to 1914 he 
was an assistant visiting surgeon at the hospital. From 
1913 to 1915, he held the post of Lecturer at the Harvard 
Medical School. 

By 1910 Dr. Codman was concentrating most of his 
energies on evaluating the end results of surgery. He be- 
came convinced that surgical care was questionable in 
quality and that the only way to improve it was to look 
honestly and rigorously at the end results, discuss them 
openly, and take steps to rectify the problems. His early 
investigations strongly suggested that promotion accord- 
ing to the seniority system did not necessarily promote 
excellence; he also found that surgeons especially expe- 
rienced in a specific surgical procedure produced better 


results with patients suffering complex conditions than 
did those surgeons who did not “specialize.” Dr. Codman 
began to make a number of people at the Massachusetts 
General Hospital very uncomfortable. 

In 1911, unable to get the MGH to go along with his 
very strong views on end results, Dr. Codman established 
his own small hospital on nearby Beacon Hill. There, in 
his own empire, he enforced his strict rules of record- 
keeping and follow-up study. He classified results accord- 
ing to errors in technical knowledge or skill, in surgical 
judgment, in care or equipment, in diagnosis, or due to 
the patient’s enfeebled condition or unconquerable dis- 
ease, and so forth.** Meanwhile, since he was still on the 
staff at the MGH, Dr. Codman ran comparable studies 
of MGH patients. For instance, he looked at the end re- 
sults of a decade of stomach surgery, almost 600 cases, 
and tabulated the outcomes according to lesions as well 
as to individual surgeons. His evidence showed that 18 
surgeons had regularly obtained poor results. 

By 1914 Dr. Codman was so exasperated by the failure 
of the Massachusetts General Hospital to take his work 
seriously that he resorted to a theatrical gesture. As he 
later explained in the preface to his book, The Shoulder, 
“in order to attract the attention of the trustees of the 
M.G.H., I resigned from the staff in 1914 ‘as a protest 
against the seniority system of promotion,’ which was ob- 
viously incompatible with the End Result Idea. On the 
day on which I received the acceptance of my resignation, 
I wrote again, asking to be appointed Surgeon-in-Chief 
on the ground that the results of my treatment of patients 
at their hospital during the last ten years, had been better 
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Fic. 22. Dr. Edward D. Churchill—taken from a group portrait done 
by Furman Finck in 1962 (courtesy of Massachusetts General Hospital 
Archives). 


than those of other surgeons. . . . Naturally, my letter 
was ignored, and I was not appointed Surgeon-in-Chief.””” 

Not long after this, on January 6, 1915, Dr. Codman 
took advantage of his position as Chairman of the Surgical 
Section of the Suffolk District Medical Society to convene 
a meeting at the Boston Medical Library to discuss hos- 
pital efficiency. He hoped to convince surgeons that the 
time had really arrived to look at end results. By this time, 
Codman had become a controversial figure in the Boston 
medical landscape and could not obtain all the important 
speakers he wanted. However, he ensured publicity by 
inviting James Michael Curley, recently elected Mayor of 
Boston, to address the audience. Acting on the theory that 
“Harvard is sensitive to ridicule, and also, I sincerely be- 
lieve, to presentation of facts,” Dr. Codman drove home 
his message at the end of the meeting by unveiling an 
eight-foot cartoon (Fig. 21) depicting, as he said, “*Presi- 
dent Lowell [of Harvard] standing on the Cambridge 
Bridge, wondering whether it would be possible for the 
professors of the Medical School to support themselves 
on their salaries, if they had no opportunity to practice 
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among the rich people of the Back Bay (the residential 
portion of Boston). The Back Bay is represented as an 
ostrich with her head in a pile of sand, devouring humbugs 
and kicking out her golden eggs blindly to the professors, 
who show more interest in the golden eggs than they do 
in Medical Science. On the right is the Massachusetts 
General Hospital with its board of trustees deliberating 
as to whether, if they really used the End Result System, 
and let the Back Bay know how many mistakes were made 
on the hospital patients, she would still be willing to give 
her golden eggs to support the hospital, and would still 
employ the members of their staff and thus save the ex- 
pense of salaries.” 

Many people in the audience were outraged. Dr. Cod- 
man was asked to resign his position in the local medical 
society. The powers that be at Harvard were not exactly 
thrilled either, and Dr. Codman was, as he said, “dropped” 
from the faculty.*! 

Dr. Codman served with the armed forces during the 
First World War. He had to close his hospital, and when 
he returned to Boston he found himself in debt. Nev- 
ertheless, during the postwar years he accomplished im- 
portant studies on bone sarcomas. Dr. Frederic A. Wash- 
burn, Director of the MGH during Codman’s heyday, 
observed in his history of the hospital that “as far as the 
Massachusetts General Hospital was concerned, Dr. Cod- 
man was not allowed to remain a martyr. He was placed 
upon the Board of Consultation in 1929 and given every 
opportunity to work upon the Registry of Bone Sar- 
1932 

Dr, Codman was a difficult character, rigid and abrasive. 
Had he been more diplomatic, he might have ruffled fewer 
feathers and accomplished his goals at less personal cost. 
Even so, his efforts hastened the creation of special as- 
signments in surgery, the abolition of the seniority system, 
and the establishment of a follow-up program to deter- 
mine end results at the Massachusetts General Hospital. 
He was certainly one of the first and most vocal individuals 
in the medical community of this country to speak out 
in favor of careful study of the results of medical care and 
was a true proponent of quality health care. As such, he 
was a forerunner of what we now refer to as quality as- 
surance and peer review. 

Despite Dr. Codman’s justifiable worries about the 
quality of surgery being performed at the MGH in the 
early 1900s, there is little doubt that by that time the poor 
people treated in the hospital were privileged with respect 
to medical care. With the discoveries of the 19th century, 
particularly general anesthesia and asepsis, hospital med- 
icine had improved markedly. New diagnostic techniques 
such as x-rays and laboratory studies as well as skilled 
nursing care were being used to the great benefit of hospital 
patients. It began to dawn on the wealthier citizens in the 
Boston area that it would be in their best interest to have 
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a facility that would do at least as much for them as was 


_ available for the sick poor. 


' The Trustees of the Massachusetts General Hospital 
perceived the advantages of a private hospital closely con- 
nected with the General Hospital. While serving the gen- 


uine medical needs of an influential segment of the com- 
munity, such a facility would furnish additional revenue 


to help support the charity wards and would attract more 
potential benefactors. It would also help draw the best 
physicians and surgeons by enabling them to earn a sig- 
nificant part of their income treating private patients in 


one part of the hospital while donating their services free _ 


to patients on the wards. 

The trustees voted for the project in 1913 and in 1917 
opened the Phillips House, a private pavilion named for 
two earlier benefactors of the hospital, William Phillips 
and his grandson of the same name. The first patient ad- 
mitted to Phillips House was Dr. J. Collins Warren, the 
antisepsis enthusiast and grandson of the founding War- 
ren. The patient made a satisfyingly rapid recovery. 

The Phillips House accomplished precisely what the 
trustees had hoped. Its earnings, both financial and in 
reputation, more than justified its costs, and it fulfilled a 
need in the community. 

Thus, by 1917, the hospital was providing for two 
classes of patients representing the extremes of the eco- 
nomic spectrum. But the great majority of citizens, those 
whom the hospital called “people of moderate means,” 
namely the middle class, were in medical limbo. A year 
after the trustees voted in favor of the private pavilion, 
Dr. Washburn, the Director, observed that there was great 
need for a facility to care for middle-income patients. He 
argued that people of moderate means who could not 
afford private hospitalization were not usually admitted 
to the charity wards either because they were too proud 
to apply or because they were refused admission on the 
basis of their income. The few desperate patients who 
went to private hospitals wound up with heavy debts; a 
few others were driven to charity wards at the expense of 
their independence. 

Washburn’s argument was compelling, but it was not 
until 1924, when the hospital received a one million dollar 
bequest specifically designated for this purpose from Mary 
Richardson in memory of her parents, Richard and Ellen 
Maria Baker, that the trustees began to make serious plans. 

The Baker Memorial officially opened on February 27, 
1930, and people of moderate means at last had access 
to the same quality of medical care as the rich and the 
poor. The Baker Memorial was more than a building: it 
was a plan based on the provision of hospital services at 
cost. Dr.. Washburn explained the doctors’ role in the 
Baker plan: “The total bill to the patient is the factor of 
importance to him. It does him no good to keep the hos- 


‘> pital bill low if what is saved him there is added to the 
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physician’s bill for professional services. . . . Of its own 
volition the staff has agreed to accept at the Baker Me- 
morial a small regulated fee for its professional services. 
The maximum amount which can be charged to any one 
patient for these services [all physician fees] is one hundred 
and fifty dollars, no matter how difficult the case may be 
or how long the patient stays in the hospital. The charge 
is graded down from this sum to the vanishing point. 
.. .”°4 During 1931 a bed in the Baker Memorial cost 
between $4.00 and $6.50 per day. The average amount 
charged for a hospital stay, including all charges except 
the rare instances of special nursing fees, was $158.94. 

Patients in the Baker Memorial received the same 
quality of medical care, if not the same luxury of accom- 
modation, as patients in the Phillips House. The Baker 
plan constituted one of the earliest efforts to deliver private 
treatment at reasonable costs. The plan evolved over the 
years. In 1936 the limitation on physicians’ fees was lifted 
in instances when patients required more than 3 months 
of hospitalization. Since then, of course, health insurance 
has provided grounds for more drastic modifications. 

-I would like to end this address with a few words from 
a man whom I admired very much and who, I think, was 
an outstanding representative of the humanistic and 
professional values upon which voluntary hospitals were 
founded: Dr. Edward D. Churchill (Fig. 22). 

In 1947, in his Presidential Address to the American 
Surgical Association, Dr. Churchill reflected upon the 
ideals that originally guided the practice of medicine and 
voluntary hospitals. I quote: 

“Charity i in the literal sense and in the form of alms 
dispensed by Lady Bountiful may disappear from the 
American scene, but the medical profession would do well 
to treasure such vestiges of it as remain. Charity in the 


. material sense is symbolic of Charity in the broad spiritual 


sense—the desire to relieve suffering for its own sake, This 
is the compelling force of Humanism.. . . Charity in this 
larger sense is the most precious possession of Medicine. 
As motivation for the physician, it has been closely en- 
twined with teaching and research. It is expressed in his 
basic rules of ethics and determines the privileges and 
trusted position of the physician i in the social order. The 
foundations of the Voluntary Hospital rest upon this great 
concept of Charity. . 

Dr. Churchill, I think, got back to the roots of voluntary 
hospitals and warned us against losing sight of the values 
that gave rise to them. His message certainly bears re- 
peating in 1986. During the last few years, all hospitals, 
physicians, and other health care providers:in this country 
have been under tremendous pressures to deliver health 
care in a very competitive environment at the lowest pos- 
sible cost. The key words today are “save money”—even 
“make money!” While I agree that the medical commv- - 


_ nity must deliver its product at a reasonable cost, it is 


#222: | 
s essential that that product be iE and, further, I 
- feel that the spirit in which we deliver that product is also 


‘important. In the. process of adjusting to competitive 
" pressures, the voluntary hospitals, and all of us in medi-’ 


cine, should not forget about charity and humanism. Per- 
haps we need to remind ourselves from time to time of 
the original purpose of the voluntary hospitals in this 
country. And we should not forget the reasons why mast 


of us went into medicine: ‘because medicine is an exciting, | 


challenging, and satisfying profession that allows us to 
- exercise our minds, our hands, and our compassion in 
: the service of others. 


Kd 
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1 1 
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Fu, K.P., and Neu, H.C.’ 25 mcg./ml. (20) | 25 mcg./ml. (20) 
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and ceftizoxime sodium injection 


Before prescribing, see complete prescribing information in SKEF literature or PDR. The 
following is a brief summary. 
INDICATIONS 
‘Ceftrox’ is indicated in the treatment of infections due to susceptible strains of the micro- 
organisms listed below: 
LOWER RESPIRATORY TRACT INFECTIONS caused by Streptococcus sp. including S 
pneumoniae (formerly D. pneumoniae), but excluding enterococct Kiedsiella sp; Proteus mir- 
abilis; Escherichia coli; Haemophilus influenzae including ampicillin-resistant strains; Staphy- 
lococcus aureus (penicillinase and nonpentcillinase producing); Serratia sp; Enterobacter sp. 
and Bacteroides sp. 


URINARY TRACT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
i colt 


mirabilis; P vulgaris Providencia retigeri (formerly Proteus rettgeri) and Morganella morpanti 
(formerly Proteus morgantiy Klebstella sp.; Serratia sp. inchiding $ marcescens; Enterobacter sp. 
GONORRHEA. Uncomplicated cervical and urethral gonorrhea caused by Aetsseria gonorrhoeae. 
INTRA-ABDOMINAL INFECTIONS caused by Escherichia colt Staphylococcus epidermidis 
Streptococcus sp. (excluding enterococci); Enterobacter sp.; Klebsiella sp; Bacteroides sp. 
including A fragilis; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 
SEPTICEMIA caused by Strepiococcus sp. including S pneumoniae (formerly D pneumoniae), 
but excluding enterococct; Staphylococcus aureus (penicillinase and nonpenicillinase produc- 
ing); Escherichia col; Bacteroides sp. including B. fragilis, Klebsiella sp; and Serratia sp. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staphylococcus aureus (penicillinase 


sp: : 

fragilis; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 

BONE AND JOINT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
producing} Strepfococcus sp. (excluding enterococci}, Proteus mirabilis: Bacteroides 

sp.; and anaerobic cocci, Including Pentococcus sp. and Peptostreptococcus sp. 

MENINGITIS caused by Haemophilus influenzee. ‘Ceftrax’ has also been used successfully 

in the treatment of a limited number of pediatric and adult cases of meningitis caused by Sirep- 

fococcus pneumoniae. 


‘Cefizox’ has been effective in the treatment of seriously ill, compromised patients, including 
those who were debilitated, immunosuppressed or neutropenic. 

Many Infections caused by aerobic gram-negative organisms and by mixtures of organisms 
resistant to other cephalosporins, aminoglycosides, or penicillins respond to treatment with 
Because of the serious nature of some urinary tract infections due to Ps. aeruginosa and 
because many strains of Pseudomonas species are only moderately susceptible to ‘Cefizox’, higher 
dosage is recommended. Other therapy should be instituted if the response is not prompt 
Susceptibility studies on specimens obtained prior to therapy should be used to determine the 
response of causative organisms to ‘Cefizox’. Therapy with Ceftzox’ may be initiated pending results 
of the studies; however, treatment should be adjusted according to study findings. In serious 
nfections ‘Cefito has been used concomitantly with aminoglycosides (see Precautions). Before 
using ‘Cefizox’ concomitantly with other antibiotics, the prescribing information før those ` 
agerits should be reviewed for contraindications, warnings, precautions and adverse reactions. 
Renal function should be carefully monitored. 

CONTRAINDICATIONS 

‘Cefizox’ fs contraindicated in persons who have shown hypersensitivity to cephalosporin 
antibiotics. 

VZARNINGS 

BEFORE THERAPY WITH CEFIZOX IS INSTITUTED, CAREFUL INQUIRY SHOULD 

BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSEN- 
S-TIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. 

THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PA- 
TIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 
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Pseudomembrancus colitis has been reported with the use of cephalosporins (and other 


' broad-spectrum antiblotics); therefore, it is important to consider its diagnosis in patients who 


developed diarrhea in association with antibiotic ase. Treatment with broad-spectrumt antibiotics 
alters normal flora of the ookcn and may permit overgrowth of Clostridia. Studies indicate a 
toxin produced by Clostridium difficile is one primary cause of antibiotic-associated colitis. 
Cholestyramine and colestipel resins have been shown to bind the toxin in vitro, Mild cases of 
colitis may respond to drug discontinuance alone. Moderate to severe cases should be managed 


' with fluid, electrolyte and protein supplementation as indicated. When the colitis ts not relieved 


by drug discontinuance or when it is severe, oral in ts the treatment of choice for anti- 
blotic-associated pseudomembranous colitis produced by C. difficile. Other causes of colitis 
should also be considered. 

PRECAUTIONS 

General: As with all broad-spectrum antibiotics, ‘Cefizox’ should be prescribed with caution in 
individuals with a history of gastrointestinal disease, particularly colitis. 

Although ‘Cefizox’ has not been shown to produce an alteration in renal function, renal status 
should be evaluated, especially in seriously ill patients receiving maximum dose therapy. As 
with any antibiotic, prolonged use may result in overgrowth of nonsusceptible organisms. Care- 
ful observation is essential; appropriate measures should be taken if superinfection occurs. 
Drug Interactions: Although the occurrence has not been reported with ‘Cefizoxt nephrotox- 
icity has been reported followir.g concomitant administration of other cephalosporins and 
aminoglycosides. 

Pregnancy: (Category B.) Reproduction studies have been performed in rats and rabbits and 
have reveajed no evidence of Impaired fertility or harm to the fetus due to Cefizox’. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Labor and Delivery: Safety of ‘Cefizox’ use during labor and delivery has not been established. 
Nursing Mothers: ‘Cefizax’ is excreted in human milk in low concentrations. Caution should be 
exercised when Cefizow’ is administered to a nursing woman. 


Infants and Children: Safety and efficacy in infants from birth to six months of age have not been 
established. In children six months of age and older, treatment with ‘Ceftrox’ has been associated 
with transient elevated levels of eosinophils, SGOT, SGPT and CPK (creatine phosphokinase). 
The CPK elevation may be related to LM. administration. 

ADVERSE REACTIONS 

Ceftiroxime is generally well tolerated; the most frequent adverse reactions (greater than 1%, but 
less than 5%) are: Hypersensitirity—Rash, pruritus, fever. Hepatic—Transient elevation in SGOT, 
SGPT and alkaline phosphatase. Hematologic—Transient eosinophilla, thrombocytosis. 

Some individuals have developed a positive Coombs test. Locaf—Injection site-~Burning, 
celulitis, phlebitis with LV. administration, pain, induration, tenderness, paresthesia. 

Less frequent adverse reactions (fess than 1%) are: Hypersensitivty-Numbness has been 
reported rarely. Hepatic—Elevation of bilirubin has been reported rarely, Renal—~Transient eleva- 
tions of BUN and creatinine have Leen occasionally observed with ceftixoxime. Hematologtc— 
Anemia, leukopenia, neutropenia and thrombocytopenia have been reported rarely. 

Vaginitis has rarely occurred. Gastrointestinal—Diarthea; nausea and vomiting 
have been reported occasionally. Symptoms of pseudomembranous colitis can appear during 
or after antibiotic treatment (See Warnings.) 

HOW SUPPLIED 

Cefizox (sterile ceftixoxime sodium, FSK) is supplied in vials equivalent to 1 gram or 2 grams of 
ceftizoxime; in “Piggyback” Vials for LV. admixture equivalent to 1 gram or 2 grams of ceftixoxime. 
Cefizox (ceftizoxime sodium injection, FSK) as a frozen, sterile, nonpyrogenic solution in 
plastic containers—supplied in 50 ml. single-dose containers equivalent to 1 gram or 2 grams of 
ceftizoxime, In 5% Dextrose (D5W). Do not store above -20°C. 

‘Ceftzox’ supplied as a frozen, sterile, nonpyrogenic solution in plastic containers is manufactured 
for Fujisawa SmithKline Corporation by Travenol Laboratories, Inc, Deerfield, IL 60015. 
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Monoclonal Antibody Imaging 


of Human Melanoma 


Radioimmunodetection by Subcutaneous or Systemic Injection 
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Fab fragments of monoclonal antibodies (MoAb) to melanoma, 
radiolabeled with 1"J, were evaluated as diagnostic reagents to 
determine their ability to localize systemic—ModAb injected in- 
travenously (IV)—-or nodal metastatic disease—injected sub- 
cutaneously (SQ) at a site proximal to draining lymph nodes. 
Sixty-one scans were performed (40 IV, 21 SQ) in 59 patients 
who had injections of 0.2-50 mg of “I coupled (0.2~12 mCi) 
antibody. These included 48.7, which identifies a high molecular 
weight antigen (HMW), or 96.5, which identifies a transferrin 
like molecule, p97. '™I coupled nonspecific Fab 1.4, reacting 
with murine leukemia virus, or the whole antibody BL3, reactive 
with a human B cell idiotypic determinant, was generally used 
in tandem with the patients injected SQ as a nonspecific control. 
All patients had immunohistochemical studies performed on 
biopsied lesions and demonstrated binding to the antibodies in- 
jected. Of the IV patients, 22/38 (58%) had (+) scans, 13 at SQ 
or nodal sites, four at visceral sites, and five at visceral and SQ 
sites. Patients with clinical stage II disease had SQ injection of 
MoAb, including 11 additional patients injected with the whole 
antibody 9.2.27 (antl-HMW) labeled with ‘In (6 patients) or 


_ ™'7 (5 patients). Nodal dissection was performed 2—4 days later. 


All "In coupled antibodies demonstrated excellent nodal delin- 
eation without specific identification of tumor deposits. Of the 
21 patients injected SQ with MoAb, 17 had confirmed tumor in 
nodes. Of patients injected with Fab fragments, 4/8 (50%) had 
specific uptake of MoAb, although only two were successfully 
imaged. Increased uptake of antimelanoma antibodies was ob- 
served in some patients in lymph nodes not containing tumor 
and was possibly related to antigen shedding. Clearance of labeled 
antibody from the injection site occurred with a half life of 16- 
50 hours. Toxicity was limited to local discomfort at the site of 
SQ injection. Melanoma metastases can be identified with IV 
or SQ injection of radiolabeled antibodies. These reagents may 
be useful in the diagnosis or therapy of haman melanoma. Further 
evaluation will be required before they could be considered clin- 
ically useful. 


Presented at the 106th Annual Meeting of the American Surgical As- 
sociation, Hot Springs, Virginia, April 24-26, 1986. 

Reprint requests: Michael T. Lotze, M.D., Surgery Branch, National 
Cancer Institute, Building 10, Room 2B56, Bethesda, MD 20892. 
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IHE ABILITY TO IDENTIFY tumor deposits using 
monoclonal antibodies has been a goal since the 
development of hybridoma technology.! Large 

amounts of specific, highly purified monoclonal antibodies 
reactive with melanoma cell surface associated antigens 
are now available and have been used in both diagnostic 
and therapeutic approaches to this tumor.*° In addition 
to intravenous administration, we have evaluated both 
whole antibodies and Fab fragments of antimelanoma 
antibodies as diagnostic reagents injected subcutaneously 
(SQ) to determine if tumor deposits could be identified 
in regional draining lymph nodes. Since the role of nodal 
dissection in patients with clinical stage I disease remains 
controversial,”® attempts to localize lymphatic drainage 
and spread are still being carried out.’ Based on studies 
conducted in rodents,!°!! we evaluated the lymphatic 
route of administration of monoclonal antibodies in pa- 
tients with known stage II disease to determine if the 
theoretically greater sensitivity, higher target to back- 
ground ratio, faster localization, and lower toxicity could 


‘be achieved. We have contrasted our results using sub- 


cutaneous injection sites in 21 patients with 40 scans done 
in patients receiving Fab fragments of antimelanoma an- 
tibodies as to toxicity, clearance, and identification of tu- 
mor deposits. 
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Materials and Methods 
Patients 


All melanoma patients considered for these evaluations 
were treated on two clinical research committee approved 
protocols utilizing (1) antibodies for diagnostic and pos- 
sible therapeutic intravenous use and (2) antibodies for 
subcutaneous injection, coupled with surgical dissection 
of stage II disease. All patients signed an informed consent 
indicating the possible risks and the investigative nature 
of these studies. To be included, patients had to have clin- 
ical evidence of stage H or HI melanoma, no known allergy 
to iodine or mouse antibodies, and, in patients with stage 
II disease, were required to have no history of radiotherapy 
or prior dissection of the regional lymph nodes. All pa- 
tients received complete blood counts, platelet counts, 
liver function and renal function studies, and thyroid 
function tests. Radiologic evaluation of cerebral, pul- 
monary, and hepatic disease as well as measurement of 
evaluable lymph nodes and local tumor nodules was per- 
formed. Plasma was stored prior to and at intervals after 
imaging for detection of human antimouse antibodies. 
Immunohistochemical testing of a biopsy of the tumor 
or its metastases was carried out on frozen tissue if avail- 
able. When tumor was not available prior to injection 
(stage H patients), tumor obtained at the time of nodal 
dissection was submitted for confirmation of antigen pos- 
itivity. 


Monoclonal Antibodies and Radioactive Labeling 


The MoAb 9.2.27 is a murine antibody (IgG2a,k) de- 
scribed by Morgan and coworkers.'? It recognizes a high 
molecular weight (240 Kd chondroitin sulfate/proteogly- 
can) cell surface antigen present on 90% of human mel- 
anoma. The 9.2.27 MoAb was obtained by immunizing 
mice with soluble extracts from human melanoma cells. 
Hybridomas were developed by fusion of Balb/C sple- 
nocytes with the murine myeloma p3-x63-Ag-8. Immu- 
noglobulin was purified from hybridoma ascites using a 
double precipitation procedure with Na,SO,. The anti- 
body was tested as recommended by the Office of Bio- 
logics, U.S. Food and Drug Administration (FDA). 

A modification of the bifunctional chelating method 
of Krejcarek was utilized to conjugate diethylenetriami- 
nepentaacetic acid (DTPA) to 9.2.27.'3 The antibody was 
received in kit form (Hybritech, Inc., La Jolla, CA), con- 
sisting of | mg DTPA-conjugated 9.2.27 MoAb in 1% 
human serum albumin (HSA), Labeling was performed 
by incubating approximately 5 mCi '''In with 1 mg of 
DTPA-conjugated 9.2.27. Excess DTPA was then added 
to scavenge any free '''In. The antibody was administered 
under an Investigational New Drug application approved 
by the FDA. 
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The antibody 48.7 is a murine'* monoclonal antibody 
(IgG,) that also identifies the high molecular weight an- 
tigen on human melanoma. This antibody was prepared 
by fusing SP2/0 mouse myeloma cells with spleen cells 
from mice immunized with a cultured melanoma line. 
Weak staining of some blood vessels was noted, but other 
normal cells including skin melanocytes and other tumor 
types were unstained using peroxidase immunohisto- 
chemical stains. The antibody 96.5 is a murine'*'® anti- 
body that identifies p97, a protein associated with human 
melanoma, and is present in only very small amounts in 
solublized normal tissues (<10 ng/mg). The antibody 1.4 
is an IgG, that recognizes a murine leukemia viral antigen, 
GP70, and is negative for all human cells tested (Brown, 
unpublished). The whole antibody BL-3, raised against a 
human B cell lymphoma, identifies unique idiotypic de- 
terminants on that patient’s cells not found on cells from 
other individuals (K. Foon, unpublished) and was used 
as a negative control. Immunohistochemical studies were 
performed as previously reported.'* All tumors were 
graded as no staining (0), 25% staining (1+), 50% of cells 
stained (2+), 75% of cells stained (3+), and very strong 
(100% of cells) staining (4+). 

Fab fragments were obtained by first incubating the 
antibody with papain (150 ug) in 4 ml of phosphate buff- 
ered saline (pH 7.2) containing 10 mM cysteine and 2 
mM EDTA under nitrogen at 37 C for 3 hours. 

lodoacetamide was added to a final concentration of 
50 mM and the digest filtered on Sephadex G-25 (Phar- 
macia, Piscataway, NJ) equilibrated with saline. Fc frag- 
ments were removed by passage through a 5 mi column 
of protein A coupled to Sepharose CL-4B (Pharmacia, 
Piscataway, NJ). lodination was carried out by the method 
of Ferens et al.” The Fab fragments were incubated with 
Na '**I or Na '!1 (DuPont/NEN Medical Products, N. 
Bilerica, MA) and 23 ug of chloramine T per mg of Fab 
fragments, in phosphate buffered saline for 10 minutes at 
0 C. The reaction was stopped by adding 81 ug of sodium 
thiosufate per mg protein and the labeled protein separated 
on a column of Sephadex G-235. 


Radiopharmaceutical Purity and Quality Control 


Immunoreactivity was determined using the H1777 or 
Fem XII melanoma cell lines, which express both p97 
and HMW antigens. Cells (2 X 10°) were suspended in 
100 pl of the test sample containing 5 ng of the radiola- 
beled protein. Phosphate buffered saline was added, the 
mixture was centrifuged, and cells were separated and 
counted for radioactivity. Results are expressed as the 
percentage of total added radioactivity bound to cells. The 
percentage of counts protein bound was determined by 
trichlorocetic acid precipitation of protein. '*'I prepara- 
tions were analvzed for free iodine using paper chroma- 
tography (Whatman I) and an 85% methanol in water 
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solvent. '''In preparations were analyzed for '''In DTPA 
using instant thin layer chromatography in silica gel 
with methanol:water (1:1) with 5% ammonium acetate 
as a solvent. Pyrogen and sterility testing was routinely 
carried out. 


Antibody Administration and Sample Collection 


Patients receiving intravenous administration of anti- 
body had it infused slowly over 60 minutes through a 
peripheral vein. No adverse reactions during or subsequent 
to the infusion were noted. Some of the patients receiving 
antibody SQ were injected in 12 separate locations around 
the primary excision site and a comparable number sym- 
metrically placed on the contralateral side. Other patients 
were injected in the four web spaces of each hand or foot. 
Equal quantities of specific and nonspecific antibody pro- 
teins (independent of the specific activity) were always 
injected. Problems associated with subcutaneous injection 
were limited to local discomfort and occasional erythema 
(Fig. 1). 

Following administration, blood samples were collected 
at 5, 30, 60, 120, and 240 minutes and at daily intervals 
until surgery was performed. Daily urine collections were 
performed up to 48 hours after infusion. Excreted urinary 
counts were determined on collections obtained inclusive 
of all urine at 2, 24, and 48 hours using aliquots and then 
multiplying counts by total volume for that time period. 
Whole body retention was measured with a 2 2 inch 
sodium iodide crystal positioned 7.1 meters from the 
patient in a fixed geometric position. The immediate 
postinfusion value was taken as 100%. 

Surgical samples were obtained from nodal dissections 


and examined by a pathologist (G.B.). Separate lymph 


nodes and other tissues were isolated by dissection, 
weighed, counted in a gamma counter (along with stan- 
dards prepared from injected radiolabeled antibody), and 
submitted for histologic and immunohistochemical 
staining. Decay correction and spillover correction for '*!1 
counts in the '*°I channel were routinely performed. 


Assay for Human Antimouse Antibody (HAMA) 


A test sample of the patients’ serum (10 yl) was incu- 
bated with 10 ul of !**I-labeled mouse IgG (10* cpm) for 
30 minutes at 20 C. Staphylococcus aureus (10 mg) was 
added in 1 ml of 20 mM Tris-HCl buffer, pH 8.0, con- 
taining 100 mM NaCl, 1 mM EDTA, and 0.5% Nonidet 
P40 (TNEN) (Bethesda. Research Laboratories, Bethesda, 
MD). After a further 5-minute incubation, the bacteria 
were separated by centrifugation and washed three times 
with 10 ml of TNEN and counted for '*I. A comparison 
was made between the test sample and a control serum 
that did not contain human antimouse antibodies 
(HAMA). A positive test was considered to be a value 


& twice the control. 
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Fic. 1. Routes of administration of antibody in these studies, Intravenous 
injection was carried out to identify tumor deposits in systemic sites 
including skin, liver, lung, lymph nodes, etc. Subcutaneous injection 
using lower doses of radiolabeled antibody was used to identify nodal 
disease. Some delivery of antibody into the vein is expected to occur 
from efferent lymphatics draining eventually into the thoracic duct. 


Patient Imaging 


The patients were imaged within 2 hours of antibody 
administration and daily up to the day before operation. 
A large field of view gamma camera with a high energy 
collimator was used. A 20% window over the 364 kev 
gamma ray of '9'I was used to obtain anterior and pos- 
terior whole body images as well as multiple spot views 
(5-10 minutes). In addition to analog images, digital im- 
ages were recorded with a Hewlett Packard scintigraphic 
computer (Rockville, MD). To calculate serial changes, 
images were: analyzed with manually drawn regions of 
interest over the major organs and tumor. Values were 
expressed as counts per minute (CPM) corrected for iso- 
tope decay. For patients injected with Inditum-111 labeled 
antibodies, images were obtained using a 20% window 
over the 172 and 247 kev gamma ray. 


Results 


Patients Studied and Reagents Used 


The antibodies used in these studies are listed in Table 
1. Patients studied by intravenous injection received only 
antimelanoma antibody but no irrelevant control. These 
intravenous studies were done in an attempt to identify 
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TABLE 1. Antibodies Used in Diagnostic Imaging 


Designation 
48.7 Fab 





96.5 Fab 


9.2.27 whole 
antibody 
1.4 Fab 


BL-3 whole 
antibody 


Patient Scan 
Number 


I 


2 


Subclass 


IgG, 


IgGs, 


IgG, 
IgG, 


IgG, 


Reactivity 


High molecular weight (HMW) 
antigen on melanoma (> 200 
kD); on 70-90% of 
melanomas 

Recognizes p97, a transferrin 
hike molecule on 70-90% of 
melanomas: low 
crossreactivity with liver 

Recognizes different epitope on 
same antigen as 48.7 (HMW) 

Control antibody recognizes 
murine leukemia virus, 
negative on human cells 

Control antibody, raised against 
a human B cell lymphoma; 
anti-idiotype antibody 
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l patients with tumor that might be amenable to therapy 


with the antibody. If visualized, the patients were consid- 
ered for treatment with larger doses of radiolabeled (100- 
200 mCi/10 mg) antibody. The patients studied are listed 
in Table 2 along with information regarding their specific 
evaluation. The last seven patients listed (434-40) had no 
diagnostic studies but were scanned while receiving ther- 
apy. Patients receiving subcutaneous specific and non- 
specific antibody are listed in Table 3. Some of these pa- 
tients were coadministered cold antibody (patient 56) or 
unlabeled human immunoglobulin preparations (patients 
53 to 55) to decrease uptake into negative nodes. This 
was unsuccessful. 

For patients with available tumor, immunohistochem- 
ical staining of tumor tissue was carried out with the an- 


TABLE 2. Patients Studied with Intravenous Injection of Monoclonal Antibodies to Melanoma 


Age/Sex 


46/M 


40/F 


RIF 


69/F 
65/M 
70/M 
59/M 
38/F 


38/M 
34/M 
47/M 
47/M 
65/M 


77/M 
61/M 


34/M 


36/M 


Sites of Antibody 
Disease Used 
Skin, nodes 48.7 
Skin, nodes 48.7 
Skin, lung 48.7 
Skin 48.7 
Skin 48.7 
Nodes 48.7 
Skin, nodes 48.7 
Skin, nodes 48.7 
Lung 48.7 
Skin 48.7 
Skin 48.7 
Skin 48.7 
Skin 48.7 
Malignant 48.7 
ascites 
Skin, lung 48.7 
Liver 96.5 
Lung, spleen 96,5 
Lung, nodes 96.5 
Lung, skin 96.5 
Lung, skin, 48.7 
spleen 


Skin, lung 48.7 


Mg mCi Dose 
Dose Ab 1-131 Image Notes 
10 5.6 ~ (NS) Largest lesion 5 X 4 
cm, others |~2 cm 
10 10.6 — (NS) Largest lesion 3.5 X 5 
cm 
10 6.4 + (SS, SP) Largest lesion 2 x 3 cm 
in skin, 6 cm in lung 
10 8.9 + (SS) Largest lesion 3 X 7 cm 
in skin, smaller 2 x 3 
cm not seen 
10 8.9 + (SS) Largest lesion 5 x 6.5 
cm in skin seen; 5 
lesions < 1 cm not 
visualized 
10 8.7 — (NS) Pelvic periaortic nodes 
not visualized 
7.3 7.8 + (SS) Largest lesions 2.5 X 
2.5, 1.5 X 1 
visualized; of other 
12 lesions <2.5 cm, 
only I seen 
10 8.1 + (SS) 1/8 lesions visualized 
10 8.1 + (SP) Multiple lesions; treated 
1A 8.8 + (SS) 4/22 lesions visualized 
7.8 7.8 + (SS) 3/4 lesions visualized 
7.4 8.2 ~ (NS) Multiple small lesions 
around head and 
neck not visualized 
8.3 9.2 + {AS) 7/7 lesions seen 
71 6.6 + (AG) Marked uptake in 
peritoneal cavity 
8.2 7.7 + (SS) Diffuse uptake lungs 
7.8 13.3 — (NH) 
7.8 13.2 ~~ (NP, Extensive disease 
NL) 
10.0 10.0 + (AP, SS) 
50.0 10.0 + (AP, AS) Multiple lesions, 
subsequently treated 
x 3 with 100 mCi I- 
131-Ab 
50.0 5.0 — (NP, NS, 7 subcutaneous lesions 
NL) 1-2 cm, lung 2 x 2 
em, spleen 2 x 1/2 
cm 
42.0 10.0 + (SP, AS) 
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TABLE 2. (Continued) 


Patient Scan Sites of Antibody 
Number Age/Sex Disease Used 
22 52/M Liver, lung, 48.7 
brain, skin 
23 45/M Skin, liver, 48.7 
bone 
24 34/F Liver, skin . 96.5 
25 69/F Skin, nodes 96.5 
26 62/F Lung, skin, 96.5 
GI 
27 35/M Skin, lung 96.5 
28 41/F Lung, brain 96.5 
29 62/M Lung 96.5 
30 30/F Lung 96.5 
31 34/F Lung 96.5 
32 49/M Brain, skin 96.5 
33 49/M Brain, skin 96.5 
Therapy scans only 
34 23/F Skin, lung 96.5 
35 30/F Skin 96.5 
36 64/M Lung, liver, 96.5 
GI, skin, 
heart, 
kidney 
37 66/M Liver 96.5 
38 62/F Lung, GI 96.5 
39 41/M Lung, skin 96.5 
40 35/M Skin 96.5 
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Mg mCi Dose 
Dose Ab J-131 Image Notes ` 
42.0 10.0 + (AS, AP, 
NH, NL) 
44.5 7.8 + (SS, NH, 1/3 lesions > 1 cm 
NB) seen, 0/11 lesions 
<0.5 cm 
24.0 9.9 ~ (NS, 
NH) 
45.6 7A ~~ (SS) Same as patient #8, 
0/20 lesions 

9.1 10.0 + (NP, 

NG, SS) 

9.1 10.0 ~~ (NS) Visualized after 3rd 
dose of antibody on ° 
therapy, 200 mCi 
x2 

11.5 9.6 + (SS) Treated with 200 mCi: 
x 3 
11.5 9.6 — (NP) 

7.8 10.0 — (NP) Later treated with IL-2 

7.8 10.0 ~~ (NS) False positive at site of - 
recent operation left 

9.0 10.0 — (NS) Multiple cutaneous _ 
lesions a 

44.8 10.0 ~ (NS) Same as patient #32 
10.0 100 — (NP, NS) 
10.0 100 + (SS) Largest lesion 5.5 X 5.5 
cm 
10.0 150 — (NP, 
NH, 
NG, NS) 
10.0 150 + (AH) 
10.0 150 — (NG, 
NP) 
10.0 200 + (SP, SS) 
10.0 200 


qo 


S = some; A = all; N = none; S = skin and nodes, P = pulmonary; 


tibody used and demonstrated to be 2+ or greater with 
sole exception. Some patients had determinations with 
other antibodies as well. The results of these assays are 
presented in Table 4. Most tumors demonstrated signif- 
icant binding of each of the antibodies evaluated. 

No apparent toxicity was noted in any patient studied 
with either subcutaneous or systemic injection of anti- 
body. No patient receiving subcutaneous or imaging 
(nontherapeutic) doses of antibodies developed HAMA. 
Some patients with repetitive therapeutic doses of anti- 
body developed positive HAMA. 


Immunoreactivity and Radiopharmaceutical Purity 


All antimelanoma monoclonal antibodies injected were 
evaluated for their ability to bind to a cultured melanoma 
target prior to injection (Table 5) and following radiola- 
beling. Fab 96.5 was judged to have excellent binding 


H = liver; B = bone; C = brain (cerebrum); GI = gastrointestinal; L 
= spleen. 


characteristics, with a mean of approximately 60% of the 
antibody binding to cells (for preparations used both sys- 
temically and SQ). Similar results were obtained for the 
whole antibody 9.2.27. Although 48.7 is thought to rec- 
ognize a different epitope of the same antigen as 9.2.27, 
its radiolabeled Fab fragment routinely gave poor results 
in the cell binding assays with <25% of the antibody 
binding in each preparation. Because of these difficulties, 
further subcutaneous studies were conducted with 96.5 
or 9.2.27, 


Systemic Imaging 


Fab fragments were used for systemic imaging rather 
than whole antibody because they are less immunogenic 
and more closely approximate the ideal radiopharmaceu- 
tical. Nonspecific binding to Fc receptors on monocytes 
and polymorphonuclear leucocytes is eliminated and 
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TABLE 3. Patients Studied with Subcutaneous Injection of Monoclonal Antibodies to Melanoma 
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Patient 
Scan Site of 
Number Age/Sex Injection Dissection Antibody Isotopes 
41 58/F Ant. tibia L. groin 48.7/1.4 I-131/1-125 
42 50/M Back L. neck 48.7/1.4 1-131/1-125 
43 62/F Back L. axilla 96.5/1.4 I-131/1-125 
44 33/M Back R. axilla 96,5/1.4 I-£31/1-125 
45 62/M Back L. groin 96.5/1.4 J-131/1-125 
46 42/F Back R. groin 96.5/1.4 1-131/1-125 
47 33/M Back L. axilla 96.5/1.4 J-131/1-125 
48 59/F Hands/webs R. neck, 96.5/1.4 I-131/1-125 
parotid 
49 37/M Hands/webs R. axilla 9.2.27/1.4 In-111/1-125 
50 71/M Feet/webs R. groin 9.2.27/ND In-11! 
51 38/M Hands/webs R. axilla 92.27/14 In-111/1-125 
52 65/M Feet/webs L. groin 9.2.27/ND In-111 
53 38/F Hands/webs R. axilla 9.2.27/ND In-111 
54 24/M Hands/webs L. axilla 9.2.27/ND In-111 
55 32/M Hands/webs L. axilla 9,2.27/ND I-13] 
56 247M Back L. neck/ 9.2.27{/ND 1-131 
parotid 

57 32/M Feet/webs L, groin 9.227 /BL3 1-131 /1-125 
58 64/M Head R. neck 9.2.27/BL3 1-131/1-125 
$9 32/M Feet/webs L. groin 9.2.27/BL3 I-131/1-125 
60 40/F Feet/webs L. groin 96.5/1.4 I-131/1-125 
61 61/M Feet/webs R. groin 96.5/1.4 }-131/1-125 
ND = not done. 

* Per side. 


clearance is rapid. The mean clearance of the Fab frag- 
ments 48.7 and 96.5 is shown in Figure 2. In patients 
receiving Fab 48.7, less than 30% of the injected dose was 
present in the “whole body” at 48 hours with less than 
3% present in the plasma. Similar findings were noted for 


the Fab 96.5. abe 
Representative scans are shown in Figures 3 and 4. In 
Figure 3, scans from a patient injected intravenously (IV) _ 


TABLE 4. Immunohistochemistry of Tumor from Patients Studied 


Antibody 96.5 HMW GD3 
0 0 l 0 
[+ 2 I Í 
at 17 20 16 
3+ 25 21 9 
4+ l 3 0 
Total 45 46 26 


0, no cells stained; 1+, 25% cells staining; 2+, 50% cells staining; 3+, 
75% cells staining; 4+, 100% cells staining. Nonspecific staining of 9.2.27 
on some tissues without tumor gave high backgrounds. 

HMW = high molecular weight antigen (48.7 or 9.2.27). 


, Non- 
Specific Ab specific Ab 
ugt pQ” pg* uCi*  No(+) Localizing to (+) 
Dose Dose Dose Dose Nodes Image Nodes/Com ments 
200 200 200 133 1/9 + + (ratio 1.5) 
200 210 200 86 of — NR 
200 200 200 172 1/17 = + {ratio 1.6) 
220 157‘ 220 200 8/21 - + (ratio 1.2-4.1) 
200 20) 200 200 0/19 — NR 
620 220 620 61 3/11 — — 
220 200 220 71 1/20 — ~ 
100 200 100 76 14/35 - - 
100 250 100 84 9/35 - _ 
100 242 ND ND 0/9 = NR 
94 250 94 67 1/21 — — 
100 250 ND | ND 5/13 = — 
100 250 ND ND 1/32 - — Human IgG 
(90 mg) 
1000 250 ND ND 9/21 - — Human IgG 
(37 mg) 
100 200 ND ND 1/17 = — Human IgG 
(64 mg) 
40 200 ND ND 2/23 = — Tenfold 
unlabeled 9.2.27 
97 253 93 250 4/14 - - 
100 313 $2.5 200 1/17 - os = 
53 173 §2 173 0/8 — NR 
1800 n 1400 66 15/16 + + (ratio 1.35- 
8,73) 
2000 200 2000 200 2/17 - - 


NR = not relevant (all nodes negative). 


with Fab 48.7 at 2 and 48 hours following injection are 
shown. As was true in other patients, disease greater than 
l-2 cm in diameter could be visualized, but disease 
smaller than this size was rarely imaged. Serial scans on 
patient #19, imaged and subsequently treated with 131- 
96.5 Fab are shown in Figure 4. The 2-hour imaging study 
shows blood pool, bladder excretion of iodine, and early 
definition of some cutaneous lesions. A 24-hour scan 
shows cutaneous sites more clearly as well as some uptake 
of free iodine in the thyroid, stomach, and scrotum in 


- addition to bladder excretion. This patient received three 


therapy doses of 100 mCi of I Fab, and scans shown 
are at 6 days following the second and third treatments. 
Multiple cutaneous deposits and pulmonary lesions im- 
aged very well. Uptake in the liver may have reflected the 
known weak staining of this tissue by this antibody or 
perhaps may represent uptake of antibody by cells of the 
reticuloendothelial system. 

The results of systemic imaging in 40 studies conducted 
in 38 patients using these Fab fragments are summarized 
in Figure 5. Disease was imaged in skin and nodal sites 
in 13 patients, at visceral sites in four patients, and at skin 


and visceral sites in five patients. This is comparable to 
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TABLE 5. Immunoreactivity of Injected Antibodies and Radiopharmaceutical Purity 
Cell Binding % Protein 
No. of mCi, Mean mg, Mean Assay Mean Bound Mean 
Route Antibody Studies (Range) (Range) (Range) (Range) 
IY 96.5 20 59.2 14 59.8% 87.5 
(3.6-200) (7.8-50) (31.6-97.6) (77.1-95.8) 
IV 48.7 20 8.0 17.9 17.1% 86.6 
(5.6--10.0) (7.1-50) (9.2-25,2) (68.1-95.2) 
SQ 96.5 8 0.41 1.3 63.1% 92.1 
(0.14—0.8) (0.24.0) (57.0-70.8) (89-96.4) 
SQ 48.7 2 0.41 0.4 20.1% 89 
(0.40-0.42) (0.4) (16.2-24.2) (89) 
SQ 9.2.27 © ll 0.48 0.25 59.8% 95.8 
(0.34-0.62) (0.08-1.0) (48.9-74.2): (94-98.1) 


. our previous experience.*” The major limitation in the 


use of these reagents was the lack of imaging of small (<1 
cm) lesions. | 


Subcutaneous Injection and Nodal Imaging 


A total of 21 studies were conducted over a 2-year pe- 
riod. The initial studies were conducted using Fab frag- 
ments because of their favorable characteristics (noted 
above). The first patient had a large 4 X 3 cm node in the 
left groin on presentation. This patient had injections of 
Fab 48.7 into the subcutaneous tissues overlying both the 
right and left anterior tibia. Clearance from the injection 
sites was rapid, with less than 15% remaining at 48 hours 
and less than 3% at 7 days (Fig. 6). A maximum of ap- 
proximately 10% of the injected dose was found in the 
plasma at 20 hours, with subsequent clearance and less 
than 1% at 7 days. Similar clearance from other sites using 
this and other Fab fragments in other patients was noted. 
Excretion of radiolabel into the urine was also followed 


PERCENT INJECTED DOSE RETAINED 
5 





1 
0 8 6 4A R 4 43 0 8 16 


TIME (hours) 


4 2 40 g8 
TIME (hours) 


Fic. 2. Mean clearance of °'I-antimelanoma Fab fragments injected 
intravenously in 24 patients. Rapid clearance and lack of nonspecific 
binding via Fc receptors was the major advantage of this approach. 


(Table 6) in patients injected SQ. Most of the activity 
excreted in the urine in the first 2 hours was free of protein 
(nonprotein bound) and represented rapid clearance of 
the unconjugated radionuclide. Most of the counts ex- 
creted in the following 24—48 hours were associated with 
protein and probably represented unprocessed antibody 
or breakdown products. Clearance from the whole body _ 
and plasma is listed in Table 7. 

Sequential scans in the first patient injected with 1I- 
48.7 Fab are shown in Figure 7. Views of the anterior 
pelvis at 24 and 48 hours are shown. Activity in the blad- 
der representing '°!I excretion is seen, and persistent 
counts are also apparent in the left groin at the site of 
localized 4 X 3 cm inguinal lymph node metastases. A 
similar study in a patient receiving '?"J-96.5 Fab is shown 
in Figure 8. This patient (#60) was injected into the web 
spaces of the feet as a convenient route to enter the lym- 
phatics and more proximal lymph nodes. Views of the 
pelvis and abdomen at 24 hours were obtained. Excretion 
into the bladder and uptake into (left) inguinal nodes are 
noted. This patient had previously undergone a right in- 
guinal nodal dissection. The specificity of antibody uptake 
was confirmed by in vitro counting of positive and negative 
tissues (Fig. 9). The patient, site of injection, and specific 
antibody (48.7 or 96.5) used are shown in Figure 9 with 
the ratio of each resected node or other tissue. All patients 
received an equal amount of 17I labeled Fab 1.4, which 
reacts with a murine leukemia virus antigen and does not 
bind to human tissues. A ratio of counts from each tissue 
for specific and nonspecific antibody was determined, and 
all counts were converted for decay and downscatter (1'1 
counts into the '*1 channel). Patient #41, whose scan is 
demonstrated in Figure 7, had ratios in isolated portions 
of her single positive node of 1.2-1.6 with ratios in neg- 
ative nodes of less than unity. The only other patient (#42) 
injected with Fab 48.7 had no tumor identified in nodes. 

Patients injected with '*'I-96.5 Fab had ratios of greater 
than one in tumor containing nodes when compared to 
nonspecific antibody in virtually all cases. Most nonnodal 
tissue had ratios less than or equal to one. Increased ratios 
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2 HOURS 48 HOURS 


Fic. 3. Serial scans in a patient imaged with IV '*'l-Fab 48.7. A large 
mass present in the right neck is apparent in addition to activity in the 
blood pool at 2 hours in patient number 3. At 48 hours this activity in 
the neck persists and left sided pulmonary disease is apparent. Other 
sites of activity (thyroid, stomach, and bladder) are related to free iodine 
uptake following dehalogenation of the protein, 


in nodes without apparent tumor were noted frequently. 
Explanation for this could include tumor present in planes 
other than those obtained for pathologic examination 
(thought to be unlikely) or shed antigen picked up by 
these nodes. Mean ratios in positive node(s) were signif- 
icantly higher than those in negative node(s) in patients 
#41, 43, 44, 46, and 60. Only patients #41 and 60 were 
thought to have imaged. 

Because of the modest results seen in the first nine pa- 
tients with radioactive iodine Fab fragments, we evaluated 
a whole antibody, 9.2.27, which had been approved for 
use with '''Indium. '''In has more favorable imaging 
characteristics and dosimetry when compared to '*!I and 
a relatively short half life (72 hours). Injection in the hands 
in a patient with right axillary nodal disease (Fig. 10, left) 
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Fic. 4, Serial scans on a patient imaged and treated with '31-96.5 Fab, 
IV. Imaging studies using 50 mg of antibody labeled with 6.4 mCi of 
HIJ (patient #19) are shown at 2 hours and 24 hours. Therapy was con- 
ducted at weekly intervals with 100 mCi of radiolabeled antibody. 


led to uptake at 24 hours in the spleen, liver, epitrochlear 
nodes, and supraclavicular nodes as well as minimal ac- 
tivity in the axial skeleton, probably secondary to free 
indium. Similar delineation of superficial inguinal, iliac, 
and para-aortic nodes was demonstrated in a patient re- 
ceiving injections in the web space of the feet (Fig. 10, 
right). Epitrochlear, axillary, cervical, supraclavicular, and 
mediastinal nodes were imaged in a patient injected in 
both hands (Fig. 11). Tumor in nodes was not delineated 
with antigen specificity using this antibody. We were con- 
cerned that the high nonspecific background was related 





Site image 
mmm Skin and Nodal Sites 13 
ase Visceral Sites 4 
Skin and Visceral Sites 5 


22/38 Patients 
(58% } 


Total 


Fic, 5. Results of systemic imaging in 40 studies using radiolabeled an- 
timelanoma Fab fragments. Disease was imaged in 22/38 patients or 
58% of those attempted. 





~ 


Vol, 204+ No. 3 


to Fc binding of the whole antibody. Hence we injected 
either cold antibody or human immunoglobulin concur- 
rently with the '''In labeled antibody to block this binding. 
These attempts were unsuccessful. Results with this an- 
tibody in 11 patients are summarized in Figure 12. The 
radioactivity in each node or other tissue 1s expressed as 
% injected dose/gram of tissue X 1074. As expected, most 
nonlymphoid tissue had few counts. Subsequent detailed 
immunohistochemical studies demonstrated crossreactive 
binding of 9.2.27 at low levels to normal nodal tissue, 
and we believe this explains the abberant results with this 
antibody. 

The results of all surgical procedures and subcutaneous 
nodal imaging are summarized in Figure 13. No patients 
with cervical disease imaged or had evidence of specific 
uptake in nodes. In contrast, 4/14 patients with axillary 
or inguinal disease demonstrated specific uptake in their 
cancerous lymph nodes. Two were imaged externally. 


Discussion 


Melanoma is an unusual cutaneous neoplasm that 
continues to kill almost 6000 individuals per year.’ 
Treatment for clinical stage I disease clearly involves local 
excision, but the role of prophylactic nodal dissection re- 
mains controversial. Two prospective randomized trials, 
one by the World Health Organization’ and the other by 
the Mayo Clinic,!? have shown that therapeutic dissection 
at the time of clinical nodal positivity gives results com- 
parable to those for prophylactic nodal dissection, sparing 
80% of patients a potentially morbid procedure. Others 
have argued that long-term survival is improved by early 
dissection in selected subsets of patients.?°°*! A means 
to identify those patients with occult metastatic disease, 
and consequently those most likely to benefit from op- 
eration, would be helpful. Our study was exploratory in 
nature, attempting to determine if patients with known 
stage II disease could be imaged with radiolabeled mono- 
clonal antibodies. Three separate antibodies, two as Fab 
fragments and one as a whole antibody, were used. Re- 
petitive preparation of radiolabeled antibodies with ade- 
quate maintenance of immunoreactivity and radiophar- 
maceutical purity was demonstrated. We clearly dem- 
onstrated that the 9.2.27 whole antibody was capable of 
imaging nodes after subcutaneous injection, but that 
probable crossreactivity with normal nodal tissue pre- 
cluded its further use in this setting. 

In eight evaluable patients receiving Fab fragments (two 
others had no additional tumor in lymph nodes at dis- 
section), four were thought to have evidence of specific 
antibody localization in positive lymph nodes by in vitro 
counting. Only two of these imaged. The clearance of 
these Fab fragments was rapid, and thus they served as 
ideal radiopharmaceuticals. In preclinical studies in guinea 
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Fic. 6. Plasma and injection site clearance of '*'I-48.7 antimelanoma 
Fab following subcutaneous administration. This patient was injected 
around the site of a previously excised primary overlying the left tibia. 
A comparable site on the left leg was injected and plasma and injection 
site clearance followed. 


pigs, it appeared that 10 wCi of activity injected into these 
animals using an antitumor antibody gave good imaging 
results.!! Given that a guinea pig weighs approximately 
0.5 kg, a comparable dose in humans would be 1400 uC. 
We used only 200 Ci of activity since we were limited 
by the long half life of '?'I and the approximate 30 rads 
delivered to local subcutaneous tissues with this dose. 
More recently, we have demonstrated that doses of up to 
10 ug could be given to mice and were only partially sat- 
urating, using antibodies reactive with normal histocom- 
patability antigens.” Higher doses (up to 35 mg) might 
be necessary to maximize imaging in humans. Future 
studies with subcutaneous injection of monoclonal anti- 
bodies will use larger doses of antibody (2 mg-10 mg), 
compared with the 0.2-2 mg dosage used in these studies. 
Reagents with more favorable imaging characteristics, 
such as Tc and |!'In, are being evaluated. The fact that 
some tumors did image and most other tumors demon- 
strated selective uptake in nodes in this setting indicates 


TABLE 6, Urinary Excretion of Radiolabel Following 
Subcutaneous Injection of Antibodies 
% Injected Dose (Range) 


Time Following Injection 


No. of 
Antibody Patients 0-2 Hours 2-24 Hours 24-48 Hours 
96.5 Fab 6 2 (1-4) 25 (19-31) 23 (10-34) 
48.7 Fab 2 1.7 (1.7) 7.9 (7.9) 18 (12-24) 
9.2.27" 11 2.3 (0.2-8) 12.2 (1-34) 8.2 (1-21) 
1.4 Fab Ll 1.8 (0.4-6) 24 (8-60) 22 (12-35) 
BL3* 3 1.1 (0.3-2) 23 (18-28) 14 (7-21) 


* Whole antibody. 
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TABLE 7. Clearance Data Following Subcutaneous or Intravenous A ntibody Injection 
aS ERE eee nD ee aie EE A Slee ee 











Whole Body, Plasma, 
% Dose (Range) % Dose (Range) 
Route Ab N 24 Hours 48 Hours 24 Hours 48 Hours 
IV 96.5 (imaging Li 50.2 20.1 4,7 1.7 
doses only) (31-96) (11-34) (1.7~10.0) (1.0-3.0) 
IV 48.7 20 43.3 Doe 8.3 3.4 
(23-75) (11-64) (3.0-20) (1.6-9.0) 
SQ 96.5 8 ND ND 4.8 2.5 
(4.0-6.8) (2.1-3.4) 
SQ 48.7 2 ND ND 6.7 4.6 
(6.2-7.2) (4.5-4.7) 
SQ 9.2.27 10 ND ND 10.6 10.9 
(2.9~26) (4.924) 
SQ 1.4 12 ND ND 8.9 6.8 
(6.4~19) (2.3~13) 
SQ BL-3 3 ND ND 36.5 33 
(25.1-~57.3) (20-46) 


IV = intravenously; SQ = subcutaneously 


* 
rd 


that further refinements might make this a feasible tech- 
nique. 

Previous efforts in lymphoscintigraphy have used either 
colloidal gold** or Tc-antimony sulfate? to identify drain- 
age patterns. More recently, radiolabeled polyclonal an- 
tisera to carcinoembryonic antigen” to identify breast 
cancer or against ferritin to identify Hodgkin’s disease® 
have been used. The development of monoclonal anti- 
bodies to specific tumor antigens would seem to eliminate 
the crossreactivity associated with polyclonal sera and the 
problem associated with labels on irrelevant immuno- 
globulin molecules. Unfortunately, many of these mono- 
clonal reagents crossreact with a small proportion of nor- 
mal tissues. The ideal imaging agent may consist of a pool 
of monoclonal antibodies recognizing different antigens 
or different epitopes present on the same antigen in a 
tumor. Evidence for the use of pooled monoclonals has 





FIG. 7. Anterior pelvis. Sequential scans in a patient receiving '3'1-48.7 
Fab subcutaneously. Activity in the bladder representing excreted anti- 
body as well as localized disease in the left groin at a site of a 4 X 3 
isolated tumor deposit is demonstrated. 


been obtained in vitro using combinations of five separate 
monoclonal antibodies recognizing different antigenic 
determinants on melanoma.” Variable expression of an- 
tigens related to the state of differentiation? or to heter- 
ogenous tumor populations” arising from a single tumor 
in a patient may require a defined “cocktail” polyclonal 
antisera containing combinations of monoclonal anti- 





Fic. 8. Scan in a patient receiving '"'I-96.5 Fab subcutaneously. Specific 
uptake in left inguinal nodes as well as activity excreted into the bladder 
is noted, 
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bodies. We have recently used Indium-111 to image nodes 
in patients with T cell lymphomas when coupled to an 
anti-T cell (T101) antibody” and injected SQ. The ability 
to image nodes looking for filling defects using this or 
other reagents has been considered. 

Previous studies of radiolabeled antibody to p97 in vitro 
have shown a 10-200 times higher binding to tumor cells 
than to normal tissues. Jn vivo, we have demonstrated 
imaging of tumor in 20/33 patients with metastatic mel- 
anoma.*” Antigen specific localization with specific:non- 
specific ratios (in biopsies taken from patients) of 3.7 (48 





Fic. 10. Scans in patients injected with the whole '''In-9.2.27 monoclonal 
antibody subcutaneously. The patient on the left was injected in the web 
spaces of the hands and the one on the right in the feet. Excellent delin- 
eation of nodes without specific identification of tumor is noted. 


hours) and 3.4 (72 hours) was found. This is comparable 
to the ratios seen in our subcutaneous studies in this re- 
port, and the proportion of patients imaging using sys- 
temic injection of these antibodies reported here is also 
comparable to our previous experience. Uptake of specific 
antibody with these antibodies was strongly correlated 
with tumor antigen (p97) concentration, and blood clear- 
ance was significantly more rapid than for nonspecific 
Fab. In a recent series of reports,*” '''In labeled whole 
antibody (96.5) has imaged approximately 80% of estab- 
lished lesions at the optimum dose. 

Our future efforts will include evaluations of the role 
of increased doses of antibodies used for imaging and 





Fic. 11. Serial scans in a patient imaged with '''In-9.2.27 monoclonal 
antibody injected subcutaneously. Excellent delineation of epitrochlear, 
axillary, cervical, and mediastinal nodes is noted. A small persistent hot 
spot in the mid portion of the liver had no radiologic (CT scan) or ul- 
trasound correlate, and recent repeat studies at | year demonstrate no 
apparent disease in that organ. 
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FIG. 12. Tissues from patients injected with subcutaneous 9.2.27 whole 
antibody. High counts were demonstrated in both negative and positive 
nodes whether antibody was labeled with "In or I. Staining of cross- 
reactive antigens in normal lymphoid tissue was thought likely to explain 
these results. 


therapy as well as a new antibody, 2B2, which recognizes 
a disialoganglioside present on the surface of melanoma 
cells and neuroectodermal cells.*! Recent studies using 
the antibody, R24, which recognizes the same antigen, 
resulted in tumor regressions in 3/8 patients.® Based on 
previous estimates of biodistribution, we estimate that for 
every 100 mCi of '*'I-Fab given, the tumor would receive 


Nodes Melanoma + } Specific Uptake 
Removed Nodes in Patients 
Dissaction(N) Mean irange) Mean (range) with {+} Nodes 
Cervical (4) 21 (9-36) 4 {0-14} 0/3 
Axillary (8) 23 (17-35) 4 (1-9) 2/7 
inguinal (9) 13 {8-19} 3 (0-15) 2/7 


FIG. 13. Results of surgical procedures and subcutaneous nodal imaging 
in 21 studies using radiolabeled antimelanoma antibodies. Every patient 
injected with subcutaneous antibody had a nodal dissection 2-3 days 
following injection of both antimelanoma and control antibodies. Two 
patients were successfully imaged. 


LOTZE AND OTHERS 


Ann. Surg. » September 1986 


1040 rads (liver, 325 rads, and bone marrow, 30 rads). 
Further efforts to develop these reagents for therapeutic 
applications using gamma emitting radionuclides such as 
3I or alpha emitting reagents such as Y or 2!'Bi are 
being carried out. Other plans include attempts to increase 
antibody access to tumor sites using agents thought to 
increase capillary permeability such as interleukin-2 (IL- 
2). We have recently demonstrated that IL-2 administra- 
tion causes significant melanoma regressions alone?? or 
in conjunction with transferred lymphokine activated 
killer cells.” The coadministration of immunologic re- 
agents such as these and monoclonal antibodies may lead 
to greater numbers of tumor responses. The use of anti- 
body heteroconjugates with antitumor antibodies coupled 
to receptor molecules on lymphocyte surfaces such as CD3 
(T3) and CD16 (Fe receptor) are being evaluated.** It is 
likely that these monoclonal reagents will prove clinically 
useful in the diagnosis and therapy of melanoma. 
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DISCUSSION 


Dr. RICHARD E. WILSON (Boston, Massachusetts): I think it would 
be inappropriate not to discuss such a dramatic presentation concerning 
research that is going to be so important for all of us. 

1 would like to ask the author a question about specificity for individual 
patients. As I understand it, this is a monoclonal antibody raised against 
an antigen (a common melanoma antigen), and in the systemic diagram 
I think that 58% of the patients they studied did show specific uptake. 
In the patients who did not have uptake, in whom they took out nodes, 
did they try to raise monoclonals against that tissue? If so, did they test 
it back in those patients to see if they could increase the specificity or 
the uptake in people who did not respond to the common melanoma 
antibody but did show additional uptake when a more specific antibody 
could be raised? 

One of the real questions, I think, is how good are common antigen- 
raised antibodies as compared to specific antibodies in individual patients? 


Dr. JEROME J. DeCosse (New York, New York): The authors have 
demonstrated a phenomenology. Have they quantitated predictiveness, 
sensitivity, specificity? 

As | read the abstract, it would appear that of ten patients examined 
only one demonstrated imaging. Is this correct? Could you tell us about 
the clinical utility of this method? 


Dr. MICHAEL E. LOTZE (Closing discussion): First, answering Dr. 
Wilson’s question: The problem of specificity, of course, is a major prob- 
lem in any immunotherapeutic or immunodiagnostic modality. One of 


“ the advantages of using common melanoma antigen antibodies is that 


one can use the same reagent for many different patients. The problem 
with trying to raise specific reagents in each patient is the time, effort, 
and cost associated with trying to raise them. We have not attempted to 
do that but are trying to undertake similar approaches and generate 
cellular reagents and specific antitumor T cells, primarily for therapeutic 
purposes. 

In terms of the value of the specific versus nonspecific antibodies, we 
are very concerned about many previous studies that have failed to use 
these nonspecific antibodies. We felt that it was important to determine 
whether the imaging of tumors occurred because of specific localization 
of the antitumor antibody or was just passive and had nothing to do 
with that antibody. Further trials using these monoclonals will require 
efforts to develop better polyspecific antibodies that could be used in 
individual patients. We are hopeful that better reagents can be identified. 

Dr. DeCosse asked the central question for all of these efforts, which 
has to do with what is the clinical utility of these antibodies. Our hope 
initially was to use the systemically administered antibody and treat 
patients with very highly labeled I-131 or other radioisotopes and anti- 
bodies so that specific localization could be-obtained. Individual tumor 
deposits would be irradiated and normal tissue would be spared. So far, 
we have treated about half a dozen patients in this manner and have 
not seen any responses. I believe that this is related to the antibodies we 
have. Again, we are hoping for better antibodies to be developed. 

How useful is it in trying to image nodal disease? Again, our hopes 
were to be able to preclude nodal dissection in the 70-80% of patients 
who have clinical stage 1 disease, without occult nodal metastatic disease. 
It appears, at least in patients who have known stage 2 disease, that only 
two out of ten patients had positive scans, We are hoping that higher 
doses of antibody will allow us to image tumor in more patients. 
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Extracorporeal membrane oxygenation (ECMO) was used in 
the treatment of 100 newborn infants with respiratory failure in 
three phases: Phase I (4) moribund patients to determine safety, 
efficacy, and risks); Phase II (30 high risk patients to compare 
ECMO to conventionaF ventilation); and Phase II (20 moderate 
to high risk patients, the current protocol). Seventy-two patients 
survived including 54% in Phase I, 90% in Phase II, and 90% 
in Phase HI. The major complication was intracranial bleeding, 
which occurred in 89%- of premature infants (<35 weeks) and 
13% of full-term infante. Best survival results were in persistent 
fetal circulation (10, 1@ survived), followed by congenital dia- 
phragmatic hernia (9, 7 survived), meconium aspiration (44, 37 
survived), respiratory distress syndrome (26, 13 survived), and 
sepsis (8, 3 survived). There were seven late deaths; in follow- 
up, 63% are normal or rear normal, 17% had moderate to severe 
central nervous system dysfunction, and 8% had severe pulmo- 
nary dysfunction. ECMO is now used in several neonatal centers 
as the treatment of choice for full-term infants with respiratory 
failure that is unresporsive to conventional management. The 
success of this technique establishes prolonged extracorporeal 
circulation as a definitive means of treatment in reversible vital 
organ failure. 


XTRACORPORZEAL MEMBRANE OXYGENATION 
(ECMO) is the term used to describe prolonged 
extracorporea: cardiopulmonary bypass achieved 

by extra thoracic canaulation under local anesthesia. In 
this technique a modified heart-lung machine is used to 
take over part of all ofheart and lung function in patients 
with cardiac or pulmenary failure, allowing the diseased 
organ to “rest” and recover. The first successful clinical 
case was reported in 972,' and many clinical trials fol- 
lowed. A multicenter prospective randomized study of 
ECMO in adult respiratory failure was reported in 1978.2 
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Ninety per cent of patients treated with ECMO or con- 
ventional ventilation died. However, Gattinoni,’ using a 
modified ECMO technique, is currently achieving 50% 
survival in adult respiratory failure. 

Unlike older children and adults, respiratory failure in 
the newborn is usually caused by immaturity, abnormal- 
ities of the airways, or abnormalities of the pulmonary 
circulation, rather than pulmonary parenchymal disease 
per se. In addition, conventional treatment itself (positive 
airway pressure and elevated inspired oxygen) is, itself, 
very damaging to the newborn lung. For these reasons, it 
was reasonable to expect that ECMO and lung rest could 
be successful in this group of patients, both as a treatment 
and a clinical experiment to study life support during vital 
organ failure. After a series of laboratory studies,*° we 
began clinical trials of ECMO in 1972, and reported the 
first successful use of ECMO in newborn respiratory fail- 
ure in 1975.6 We continued these trials at the University 
of California, Irvine, until 1980, and thereafter at the 
University of Michigan. We reported the results of these 
trials at regular intervals.’ In this report we review our 
experience with the first 100 consecutive newborn infants 
we have treated for respiratory failure with ECMO. 


Patients and Methods 


We treated 100 newborn infants with ECMO between 
1973 and January 1986. During that time, over 3000 in- 
fants were treated for respiratory failure in the three neo- 
natal centers where this study was done. Many patients 
were referred in critical condition specifically for ECMO, 
including 68 of the 100 patients ultimately treated with 
ECMO. The management of neonatal respiratory failure 
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has changed during this 13-year period but has always 
included intubation and mechanical ventilation and 
pharmacologic manipulation of vascular resistance and 
cardiac output as necessary. Airway pressure and oxygen 
concentration were maintained at the minimum levels 
necessary to achieve adequate gas exchange. Pharmaco- 
logic paralysis was used if spontaneous breathing or as- 
sisted ventilation was not adequate to achieve CO, re- 
moval. The management of patients was carried out under 
the direction of the neonatologist investigators and their 
colleagues. More than two thirds of infants referred from 
other neonatal centers for ECMO recovered without need 
of ECMO, following this management protocol. 

The technique of ECMO has changed somewhat over 
this 13-year period but always included cannulation of 
the right atrium via the right internal jugular vein under 
local anesthesia, venous drainage by siphon to a small 
collapsible bladder that serves to servoregulate a roller 
pump, a membrane lung to exchange oxygen and carbon 
dioxide, small heat exchanger, and return of arterialized 
blood to the aortic arch via the nght common carotid 
artery (for venoarterial bypass) or to the venous circulation 
(for venovenous bypass). Heparin was given continuously 
to achieve a whole blood activated clotting time approx- 
imately twice normal, and platelets were given as necessary 
to maintain the platelet count greater than 50,000 m7. 
Extracorporeal flow was established to totally support gas 
exchange (approximately 120 ml/kg/min), and ventilator 
settings were reduced to “lung rest” conditions (typically 
FiO, 0.3, ventilator rate 10, airway pressure 20/4). When 
lung recovery began, extracorporeal flow was decreased 
and ECMO was discontinued when gas exchange was ad- 
equate on rest ventilator settings. Patients were maintained 
alert and awake during the ECMO procedure. The full 
details of the procedure and patient management during 
ECMO are discussed in detail elsewhere.!°" 

In this series the indications, case selection, and expec- 
tations of treatment evolved in three phases corresponding 
to the stage of clinical research. Results will be described 
for these phases and for the series overall (Table 1). During 
Phase I, ECMO was used when all other therapy had failed 
and the neonatologist considered the infant moribund. 
This condition was quantitated by objective methods, 
particularly the newborn pulmonary insufficiency index 
(NPPI).'* The clinical research project was to evaluate the 
safety and efficacy of the technique. During Phase II, we 
conducted a prospective controlled randomized study! 
following high mortality risk critieria and used the same 
criteria as the indication for ECMO in patients who did 
not qualify for the randomized study. We are currently 
in Phase HI, in which ECMO is used as treatment for all 
patients if mortality risk is 80% or greater, with the ex- 
pectation of routine survival. Patients who meet specific 
criteria are randomized to ECMO or continuing ventilator 
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management when mortality risk is 50%, comparing 
morbidity and expenses. This entire project has been sup- 
ported by grants from the National Institutes of Health 
since 1972. l 


Results 


Extracorporeal flow sufficient for total gas exchange was 
routinely achieved, providing total respiratory support. 
During lung rest, air leaks healed, the pulmonary artery 
pressure decreased, and lung function returned in most 
patients. Seventy-two patients survived, including 54% in 
Phase I, 90% in Phase H, and 90% in Phase II. The out- 
come for each phase is listed in Table 2, and the entire 
series is summarized, by diagnosis, in Tables 3-6. The 
pathophysiology of newborn hypoxemia usually includes 
pulmonary arteriolar spasm, high pulmonary vascular re- 
sistance, and right-to-left shunting via the ductus arteriosus 
and foramen ovale (so-called persistent pulmonary hy- 
pertension of the newborn or persistent fetal circulation). 
This occurred as an isolated entity in ten patients and 
was also present in all patients with congenital diaphrag- 
matic hernia, sepsis, and meconium aspiration, and in 
many patients with respiratory distress syndrome. During 
Phase I, it became obvious that intracranial bleeding was 
rare in full-term infants and common in very premature 
infants, A summary of the results by gestational age and 
birth weight is shown in Table 7. Prematurity (<35 weeks 
gestational age) rather than birth weight was the critical 
factor associated with intracranial bleeding. 

The average time on ECMO was 93.2 hours. Technical 
procedures and complications are listed in Table 8. None 
of the technical complications was a direct cause of mor- 
tality, but stopping ECMO to change an oxygenator or 
ruptured tubing often caused: physiologic instability. 

Patient complications and procedures are listed in Table 
9. Because of systemic heparinization, bleeding compli- 
cations were the most common. Intracranial bleeding oc- 
curred primarily in premature infants. Some oozing at 
the cannulation site occurred in almost all patients; major, 
life-threatening bleeding occurred in 11. Bleeding was 
managed by lowering the heparin dose and giving platelets, 
which may lead to clotting in the circuit, particularly the 
membrane lung. We did not recognize any episodes of 
thromboembolism. Seizures can be difficult to diagnose 
in the newborn; obvious seizures occurred in 24 patients. 

When the pulmonary vasospasm relaxes, recovery of 
lung function begins. Flow through the ductus reverses 
(becomes left to right), and the ductus usually closes within 
24 hours. The ductus remained patent with major left to 
right shunting in 20 patients. Ductus ligation during 
ECMO was done in 16, without mortality related to the 
operation. Other major operations during ECMO in- 
cluded repair of total anomalous pulmonary venous 
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TABLE 1. The Three Phases in the Development of Neonatal ECMO Described in This Report 


I Il ai 
Cases 1-50 51-80 81-100 
Dates 1/73--2/82 3/821 1/84 12/84-1/86 
Case selections 100% mortality 80-100% mortality 50-80% mortality 
Neonatologist Specific criteria Oxygenation index 
NPH 
Contraindications <1 kg <1 kg <2 kg 
Bulging fontanelle >10d >10d 
ICB 2+ ICB 
Mode of bypass VA VA + VV VA + VV 
Applied as treatment Rescue High risk of dying High risk of morbidity 
Clinical research Prospective random survival Prospective random morbidity 
Efficacy 
Survival š 54% 90% 90% 


VA = venoarterial; VV = venovenous; ICB = intracranial bleeding. 


drainage (TAPVD, 1 patient), pulmonary resection for 
arteriovenous malformation (1 patient), and thoractomy 
for control of bleeding (3 patients). 

Cannulation is always an emergency and can be diffi- 
cult, particularly if the operation is rushed because of pa- 
tient instability. Hypoxic cardiac arrest requiring cardio- 
pulmonary resuscitation occurred during cannulation in 
four patients. Several other patients had a cardiac arrest 
before the cannulation operation was begun, and the pro- 
cedure was aborted (all died). Decannulation was also 
done at the bedside under local anesthesia. The access 
vessels were ligated. There were no major complications 
related to decannulation, or vessel ligation, but it is im- 
portant that brief paralysis was induced to minimize the 
chance of air embolism. 

Cardiovascular complications included systemic hy- 
pertension requiring vasoactive drugs (5), hemopericar- 
dium with tamponade (3), and global myocardial dys- 
function (1). Renal failure was treated with hemodialysis 
in six (all died). Continuous hemofiltration!®!” was done 
in four patients for renal failure or fluid overload. This 
procedure was very successful in removing excessive ex- 


TABLE 2. Results of ECMO in 100 Neonatal Respiratory 
Failure Patients, N (Survivors) 


I II I Overall 
MAS 24 (17) 12 (12) 8 (8) 44 (37) 
RDS 16 (6) 7 (5) 3 (2) 26 (13) 
PFC 2 (2) 4 (4) 4 (4) 10 (10) 
CDH 3 (1) 3 (3) 3 (3) 9 (7) 
Sepsis 4 (1) 2 (1) 2 (1) 8 (3) 
Other 1 (0) 2 (2) 0 (0) 3 (2) 
Overall 50 (27) 30 (27) 20 (18) 100 (72) 


MAS = meconium aspiration syndrome; CDH = congenital dia- 
phragmatic hernia; RDS = respiratory distress syndrome; Sepsis = neo- 
natal strep sepsis; PFC = persistent fetal circulation. 


tracellular fluid, and we use it freely now for symptomatic 
‘fluid overload. 


Pulmonary recovery during ECMO was incomplete in 
eight patients, and ECMO was discontinued at high ven- 
tilator settings (rate > 60, peak inspiratory pressure > 30, 
FiO, > 0.6). These infants had the radiologic and clinical 
findings of bronchopulmonary dysplasia (BPD), which 
was evident in most cases before ECMO was begun. The 
subsequent clinical course was typical for BPD. Three 
ultimately died and five recovered. On the other hand, 
since some infants with signs of BPD pre-ECMO recov- 
ered lung function quickly, BPD cannot be said to be an 
absolute contraindication. 

Other complications included an episode of sudden 
unexplained cardiac arrest (SIDS) in one infant just before 
hospital discharge, femoral thrombosis from an umbilical 
artery cather, an asymptomatic atrial thrombus diagnosed 
by echo cardiography, and late onset hydrocephalus (2). 

Venovenous bypass is capable of total gas exchange 
support!® and has the advantage of avoiding carotid artery 
ligation. Venovenous bypass was used in 16 patients, 13 
jugular to femoral (reported elsewhere’’) and three with 
the Kolobow tidal flow system.” Although venovenous 
bypass is feasible, the advantages do not outweigh the 
disadvantages at the present time. 

Follow-up on the 72 survivors ranges from 3 months 
to 11 years and has been reported in part elsewhere.?!” 
There have been seven late deaths: three due to unresolved 
BPD or pulmonary hypoplasia, one due to congenital 
myopathy, one following revision of TAPVD repair, and 
two with severe irreversible brain damage. Of the 72 in- 
fants, 45 (63%) are normal or near normal. Twelve (17%) 
had major neurologic dysfunction and developmental de- 
lay. Eight had pulmonary dysfunction (needed supple- 
mental 0, at the time of hospital discharge), which resolved 
in two but not in six (8%). Apparently, poor outcome was 
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TABLE 3. Results in Patients with a Primary Diagnosis of Meconium Aspiration Syndrome 


Chron Series Age Time 
# # Sex BW GA ECMO ECMO 
l i M 4.7 4l 40 l 
4 2 M 2.6 42 33 72 
7 3 M §.2 45 19 69 
8 4 F 3.4 40 22 22 
10 5 M 3.4 43 19 53 
12 6 F 3.6 40 75 71 
15 7 M 3.7 42 10 78 
16 8 M 3.2 42 14 169 
19 9 F 4.2 42 15 23 
20 10 M 3.9 40 39 67 
2i 1] F 3.8 40 24 43 
22 12 F 3.0 40 21 72 
24 13 F 3.2 4i 45 108 
25 14 F 3.1 42 63 118 
26 15 F 3.3 40 li 56 
21 16 M 4.0 42 29 87 
30 17 M 4.1 40 60 45 
33 18 M 3.7 42 12 92 
36 19 M 3.6 35 33 67 
37 20 M 3.7 44 26 58 
39 21 F 3.6 40 16 83 
43 22 M 3.3 40 52 72 
47 23 M 4.9 40 29 102 
49 24 F 3.9 4} 24 113 
52 25 F 3.0 42 56 107 
56 26 M 4.5 42 135 gi 
59 27 M 3.2 42 37 58 
65 28 M 2.8 41 13 104 
62 29 M 3,7 42 251 103 
66 30 M 3.1 41 23 34 
70 31 M 4.3 42 19 174 
73 32 M 3.9 40 28 70 
74 33 M 3.7 39 18 120 
75 34 F 3.6 44 70 127 
77 35 F 3.0 44 54 55 
79 36 M 4.0 40 22 120 
83 37 M 2.9 40 64 171 
85 38 M 3.2 38 36 9] 
86 39 M 4.0 40 39 53 
89 40 F 23 38 61 191 
90 4} M 3.8 43 70 91 
92 42 F 4.2 4l 60 44 
96 43 F 3.4 42 167 190 
99 44 F 3.7 ål 175 89 
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Mode Complications Outcome Comments 

VA ICB, HE D 

VA 0 L 

VA ICB, S, Di D 

VA ICB, DI D 

VA 0 L 

VA S, Ox L 

VA S, Ox, Di, B D Brain edema 

VA Ox, S, B D PDA, brain edema 

VA ICB D PDA Lig. 

VA 0 L 

VA ICB D PDA 

VA 0 L 

VA S L Arrest pre-ECMO 

VA S L 

VA ICB, S L Late brain cyst, DD 

VA 0 L 

VA Q L 

VA S L 

VA 0 L 

VA S L 

VA 0 L PDA Lig. 

VA B L 

VV S L Perinatal asphyxia, 
CP, DD 

VV Ox L Thoracotomy for 

VV-VA B L bleed 

VV 0 L Late SIDS, S, CP 

VV ICB, S L Late death, DD 

VA 0 L Arrest pre-ECMO, 
congenital 
myopathy, late 
death 

VV Ox, BP L 

VA 0 L 

VA Ox, S L 

VA BL L 

VA S, BL, Ox L PDA Lig, DD 

VV-VA B, P, Ox L L frontal infaret, DD 

VA BL L Arrest pre-ECMO 

VA 0 L 

VV-VA Ox L 

VA 0 L 

VA 0 L 

VA Q L 

VA 0 L 

VA 0 L 

VA BP L 

VA 0 L 


The following abbreviations apply for Tables 3-10: ICB = intracranial 
bleeding; Diss = dissection; HE = heat exchanger; S = seizure; Di 
= dialysis; BL = blood leak; Ox = oxygenator change; Hf = hemofilter; 


usually caused by events that occurred before ECMO was 
begun. However, some infants at high risk for brain dam- 
age (low Apgar scores, perinatal cardiac arrest, prolonged 
profound hypoxia, and prolonged fetal distress) have nor- 
mal mental function; thus, definitive predictors of out- 
come cannot be determined yet (Table 10). 


Discussion 


œ Extracorporeal circulation for newborn respiratory 
failure was attempted by Rashkind et al., Dorson et al.,”* 


P = pericardial tamponade; Ca = cardiopathy; L = lived; D = died; CP 
= cerebral palsy; DD = developmental delay; BP = hypertension; BPD 
= bronchopulmonary dysplasia. 


and White et al.,2° establishing the groundwork for this 
series. As the Phase I study progressed, the technique was 
shown to be feasible, then effective (ECMO provided gas 
exchange, allowing lung rest), then safe (serious compli- 
cations and death were less common than that of the pri- 
mary disease). As these results were published, similar 
studies were carried out with success in Pittsburgh” and 
Richmond,” and ECMO is now offered as treatment in 
at least ten major neonatal centers.”* The clinical research 
component of Phase II documented that survival in in- 
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TABLE 4, Results in Patients with a Primary Diagnosis of Respiratory Distress Syndrome 
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Chron Series Age Time 
# # S BW GA ECMO ECMO 
5 1 M 1.8 35 77 70 
6 2 F 1.6 31 16 8 
9 3 M 1.1 30 27 90 
18 4 M 1.9 32 37 53 
23 5 F 1.9 32 24 106 
28 6 M 1.9 33 69 40 
29 7 M 1.5 32 174 219 
31 8 M 1.0 28 17 20 
32 9 M 2.4 36 39 101 
34 10 F 1.5 34 46 122 
38 H F 2.5 36 18 142 
41 12 M 3.3 36 50 100 
42 13 M 3.3 36 114 61 
46 14 M 1.2 30 34 24 
48 15 M 1.5 29 204 0 
50 16 M 1.4 33 84 198 
51 17 M 2.7 38 78 45 
54 - 18 M 1.6 32 42 105 
57 19 M 2.1 30 26 146, 
61 20 M 3.0 36 141 123 
63 21 M 2.1 33 220 151 
67 22 M 3.6 36 85 113 
80 23 M 2.6 35 320 265 
81 24 F 2.5 37 156 100 
87 25 2.3 33 40 165 
95 26 M 2.8 36 51 78 


fants >2 kg is better with ECMO than with conventional 
ventilation.’ The statistical method used for that study 
has generated some interesting controversy.” The in- 
‘dications and contraindications are fairly well defined, 
the technique is standardized, and general application is 
appropriate (Phase IOI). The clinical research in Phase II 
addresses the morbidity and cost effectiveness of the pro- 
cedure. 


Patient Selection 


In the early stages of Phase I study of a technique with 
inherent risks, it is appropriate to begin with patients who - 
have failed all conventional treatment. However, this will 
inevitably lead to a high failure rate, as it did in this study 
(six of the first ten died); thus, the technique cannot be 
fully evaluated until patients with a reasonable chance of 
survival are studied. As more patients survived, it was 
obvious that the lung lesion in the newborn was often 
reversible, and we began to enter patients as soon as mor- 
ibund status was determined (rather than hours or days 
later). In Phase II we used a specific, rather complex, set 
of criteria that defined 80% mortality risk.!* These criteria | 
were developed for the prospective randomized study and 


Mode Complications Outcome Comments 

VA 0 L 

VA ICB, Diss D 

VA ICB, Ox, S D PDA Lig. 

VA ICB, S L CP 

VAI ICB, Ox, S D PDA Lig. 

VA ICB D 

VA ICB, S, Di D PDA Lig. pre- 
ECMO 

VA ICB, S, HE D 

VA 0 L PDA Lig. 

VA S L PDA Lig. 

VA-VV-VA 0 L PDA Lig., 
late ICB, 
hydrocephalus 

VA S, B, Di D Renal agenesis 

VA 0 L 

VA ICB, S, Ox D 

VV Diss D 

VA ICB D 

VV HE L 

VV-VA Ox, ICB, S D 

VA HE, Di, B, D PDA Lig, 

ICB, Ox 

VA BP L BPD, CP 

VA ICB L BPD, DD, late 
death 

VA 0 L 

VA BL L PDA Lig, 
BPD, late 
hydrocephalus 

VA S L 

VA ICB, Ox, HF D 

VA Ox, BL L 


were used for all patients. We had hoped to begin ECMO 
(or randomize) when respiratory failure had progressed 
to that point, but many patients were referred one or more 
days after 80% mortality risk had been passed; therefore, 
the Phase II patient group is best described as 80-100% 
mortality risk. The same is true of Phase II, although the 
current clinical research protocol includes only those pa- 
tients who begin in stable condition and progress to 50% 
mortality risk under our care. Several methods have been 


_ proposed to define mortality risk. We are currently using 


the oxygenation index*!: mean airway pressure X FiO, 
x 100 + postductal PaO.. In our hospital, a value con- 
sistently over 25 defines 50% mortality, and over 40 de- 
fines 80% mortality. 

The patient selection process must detect high risk pa- 
tients but exclude those with no reasonable chance of re- 
covery or normal life. In Phases I and O we excluded 
infants less than 1 kg birth weight and those who had 
congenital abnormalities or conditions incompatible with 
normal life. Irreversible bronchopulmonary dysplasia or 
pulmonary hypoplasia in also a contraindication, but “‘ir- 
reversible” is difficult to define. 

In Phase III we consider the absence of a “honeymoon 
period” (PaO, > 60) to be evidence of hypoplasia in con- 


y are discussed below. 
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TABLE 5. Results in Patients with a Primary Diagnosis of Persistent Fetal Circulation and Congenital Diaphragmatic Hernia 


Series 
# 


1 CDH 


=< =< UE H SE TEATT u 


man z 


BW 


3.1 
2.8 


GA 


36 


37 
38 


Age 
ECMO 


131 


31 
34 


148 
156 


PFC = persistent fetal circulation; CDH = congenital diaphragmatic hernia. 


genital diaphragmatic hernia, hence a contraindication. 
Similarly, we consider mechanical ventilation over 7 days 
a relative contraindication and over 10 days an absolute 
contraindication. Anomalies or conditions incompatible 
with normal life remain a contraindication. Patient se- 
lection based on brain function and intracranial bleeding 


Mode Complications 
VA 0° 
VA 0 
VV Q 
VY-VA 0 
VV 0 
VA BL, B 
VA Ox, HF 
VV~VA P, B, Ox, BL 
VA BP, Ca 
VA 0 
VA S 
VA 0 
VA 0 
VA Ox 
VA 0 
VA 0 
VA P, HF, B 
VA Diss 
VA BP 

Complications 


Outcome 


O SS ere ee as Gis ae nn a ool 


rt r 


re 


Comments 
PDA Lig., CP 


ICB post-ECMO 
BPD, DD 


PDA Lig., BPD, 
late’ death 

PDA Lig., 
thoractomy 
for bleed’ 

BPD, DD ` 


PDA Lig., ICB 
after ECMO 
PDA Lig., BPD, 

late death 
PDA, brain 
edema, arrest 

pre-ECMO 
e 

ECMO, DD 


PDA Lig., 
thoracotomy 
for bleed, 
BPD, CP 


Intracranial bleeding (ICB) is a common complication 
of respiratory failure in the premature infant and became 
obvious as a major problem in Phases I and II. The di- 
agnosis of intracranial bleeding pre-ECMO was based on 
physical examination of the fontanelle for the first 40 pa- 


TABLE 6. Results in Patients with a Primary Diagnosis of Neonatal Sepsis or Other Problems 


LUNE MENS 


BW 


3.4 


2.9 
2.2 
1.8 
1.1 
2.2 
3.0 


3.6 
1.2 
2.1 
4.2 


GA 


37 


Age 
ECMO 


Time 
ECMO 


Mode 


VA 


Complications 


Outcome 


D 


RRS” te ooo 


Comments 


PDA Lig., 
bowel Perf, 
brain edema 

PDA Lig. 

PDA 


DD, late death 


Late death 
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TABLE 7. Results of ECMO in 100 Patients Based on Birth Weight 
(BW) and Gestational Age (GA) 


GA BW N ICB Survived 
<35 wk <2 kg 15 13 ICB 1 (DD) 
2 No ICR 1 
<35 wk >2 kg 4 4 ICB 2 (2 DD, 
2 late 
deaths) 
35 wk+ <2 kg 1 0 I 
35 wk+ >2 kg 80 12* ICB 4 (2 DD, 
| late 
death) 
68 No ICB 63 (4 late 
deaths), 
i DD 


* Three post-ECMO. 


tients, and some infants in that group undoubtedly had 
small bleeds before ECMO was begun. Cranial ultrasound 
was used to screen patients in Phase II, and infants with 
grade 2 or greater hemorrhage were excluded. ICB still 
occurred, however, in infants under 35-week gestation 
and/or with grade 1 hemorrhage pre-ECMO. Conse- 
quently, in Phase III any evidence of intracranial hem- 
orrhage and gestational age under 35 weeks are currently 
considered contraindications. (This will be re-evaluated 
when systemic anticoagulation is not required.) ICB dur- 
ing ECMO is reviewed in detail elsewhere.*?*” 

The incidence of other major bleeding in Phases H and 
HI patients was 12%. We believe that the frequent use of 
whole blood activated clotting time (specifically the BaSon 
method**) is essential to monitor heparin effect and titrate 
the continuous infusion. Methods using other activators 
can be misleading. If bleeding persists when the ACT is 
under 200 seconds and the platelet count is > 50,000, ag- 
gressive operative management is appropriate. In this se- 
ries, thoracotomy was required in three patients for 
bleeding, with successful results. ECMO without systemic 
anticoagulation has been successful in the laboratory? 
and should be ready for clinical use soon. 


Technical Considerations 


ECMO differs from operating room cardiopulmonary 
bypass in the cannulation site, the absence of a reservoir 


TABLE 8. Technical Complications and Procedures, N (Died) 


I H HI Overall 
Oxygenator 
failure 7 (5) 8 (3) 5 (0) 20 (8) 
Blood leak 4 (0) 3 (0) 7 (0) 
Heat 
exchanger 2 (2) 2 (1) 4 (3) 
Dialysis 5 (5) 1 (1) 6 (6) 
Hemofilter 1 (1) 3 (0) 4 (1) 
Venovenous 4(1) 10 (1) 2 (0) 16 (2) 
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and direct gas interfaces, the method of anticoagulation, 
and the temperature. The fact that near-total bypass can 
be carried out for days at a time provides some lessons 
for the cardiac surgeon. Cannulation via the neck vessels 
before anesthesia is induced in the newborn avoids he- 
modynamic instability and is recommended for operating 
room use in these small patients.” The patients’ venous 
circulation is used as the reservoir, eliminating the most 
thrombogenic component of the heart-lung machine. The 
reservoir 1s primarily a safety measure, and necessary in 
the operating room, but the gas interface should be ex- 
cluded for long bypass runs. Infinite anticoagulation is 
needed for stagnant blood in the heart and lung during 
total bypass, but this can be achieved with local heparin 
irrigation. Systemic heparin dose could be much lower 
than that usually used. Hypothermia is standard practice 
for several reasons, but it contributes to cellular injury 
and coagulopathy and is not necessary. Some of the best 
results in cardiac surgery come from centers where hy- ` 
pothermia has never been used.*’ 

Considering the total of 12'2 months of cumulative 
ECMO time in these 100 patients, the incidence of tech- 
nical complications is very low. When malfunction occurs, 
however, it is always life threatening and requires im- 
mediate repair; thus, the patient is continuously attended 
by an ECMO technical specialist thoroughly trained in 
the procedure. This is not a technique to be undertaken 
on the spur of the moment by an unprepared team. The 
next step in technical development will be simplification, 
more servoregulation and automatic monitoring, so that 
a single nurse, with appropriate technical training and 
support, can care for both the baby and the circuit (as is 
currently done with ventilators, for example). 

Venovenous circulation is theoretically ideal for support 
of gas exchange in the patient with a normal heart and 
worked well in several of our patients. It avoids ligation 
of the carotid artery, which, although safe, is certainly a ` 
psychological deterent to ECMO. However, the occasional 
need for better support and the extra complexity of the 
system leads us to favor venoarterial bypass at present. 
The use of a double-lumen venovenous catheter has been 
proven feasible in the laboratory*® and will soon be tested 
clinically. As we treat patients earlier in the course of re- 
spiratory failure, the need for total support will be less 
(some gas exchange will persist in the native lung), and 
venovenous bypass will probably become the method of 
choice for most newborn patients, as it is in Gattinoni’s 
experience in the adult.? 


Newborn Respiratory Failure 


From the experience in this series and other centers,”° 
it is clear that almost all respiratory failure in infants over 
34 weeks’ gestation is reversible, and the same is probably 
true for premature infants, were it not for intracranial ` 


l. 


a 
` 
ef- 
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TABLE 9. Patient Complications Procedures; N (Died) 


I i m Overall 
Intracranial bléed 19 (17) 8(4) 20 29 (22) 
Seizures 19 (10) 4 (1) 1 (0) 24 (13) 
Other bleeding 5 (4) 4 (I) 2 (0) 11 (5) 
PDA 150 21) 30) 20 (11) 
PDA ligatioii 11 (6) 2 (1) 3 (0) 16 (7) 
Hypertension 2 (0) 3 (1) 5 (1) 
Cardiac arrést _ 1 (0) 3 (0) 4 (0) 
Cannulation problems 2 (2) 1 (0) 3 (2) 
Pericardial tamponade 1 (0) 2 (0) 3 (0) 
Cardiac failure -1 1 (0) 


bleeding. Moreover, the quality of survival is the same or 
better than that reported for conventional respiratory 
care,” and the cost may be less. Hence, although the tech- 
nique is radical and invasive, it mist be considered the 
treatment. of choice in infants over 34 weeks who have 
reached a high mortality risk with conventional treatment. 
From this experience we have learned that pulmonary 
hypertension is the underlying mechanism of respiratory 
failure in full-term infants, and it is always transient 
(functional rather that structural). Pulmonary hyperten- 
sion is reversed by changing the mode of ventilation (since 
ECMO provides only passive support); therefore, it is ex- 
acerbated to the point of lethality by some aspect(s) of 
conventional ventilator management. This supports the 
laboratory work of Kolobow**! and the clinical report 
of Wung,” ‘emphasizing the damaging effects of mechan- 
ical ventilation in newborn respiratory failure. Hence the 
major benefit of the ECMO experience will probably be 
the demonstration of these phenomena, leading to’ better 
methods of ventilation or better mediators of pulmonary 
vascular resistance that may eventually eliminate the need 
for ECMO in newborn patients. 

Another observation from this experience is the estab- 


TABLE 10. Follow-up Results of 100 Neonatal ECMO Patients 


I è  Ẹ m Total 
Survivors 27 27 18 72 
Late death l 6 0 o> be 
Current age 5-11 yr 1~5 yr 3 mo-i yr 3 mo~11 yr 
Normal; near 18 13 14 45 
normal 
Major develop- 5 6 I 12" 
mental delay 
Major pul- 1 2 3 6 
monary 
problems 
Other TAPVD re-bp* 2 
Congenital 
myopathy” 
Incomplete 3 5 2 10 
follow-up 
* = ] death. = 3 deaths. 
** = 2 deaths. 
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lishment of prolonged extracorporeal circulation as a de- 
finitive means of life support in vital organ failure. The 
establishment of a stable technology in several centers in 
this specific group of patients should support continuing 
clinical investigation of extracorporeal support in other 
patients with respiratory of cardiac failure. 
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by ECMO could have been salvaged by other means. 
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For those of you who are unfamiliar with it, it is basically a technique 
in which a piston pump is attached to an endotracheal tube and oscillates 
gases at a frequency of 900 cycles per minute. 

Since 1983 there were 31 neonates with severe respiratory failure from 
a variety of causes, similar to those treated by Dr. Bartlett and his group. 
This excludes infants with diaphragmatic hernia, however. The 31 patients 
have been treated in the past 3 years. The indications have been similar 
to Dr. Bartlett’s, in that arterial alveolar oxygen gradients have been 
greater than 600 mm, with high mean airway pressures or hypercarbia 
with PCO)s greater than 50, with peak airway pressures greater than 30 
cm H,O. Twenty-five of the 31 infants treated have survived, and three 
of the five deaths were unrelated to acute respiratory failure, results very 
similar to what we see with ECMO. 

I am very interested in hearing Dr. Bartlett’s comments on this con- 
troversial area. This remains the one part of the system that I think we 
need to know a little more about. 


Dr. LAZAR J. GREENFIELD (Richmond, Virginia): I want to express 
sincere appreciation and indebtedness to Dr. Bartlett not only for his 
excellent presentation and the opportunity to review his manuscript, but 
primarily for the leadership he has shown in this important area and his 
willingness to share his expertise. 


Bt 
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Six years ago, one of our best residents, Tom Krummel, had the op- 
portunity to spend time with Dr. Bartlett and was then able to establish 
the program for us at the Medical College.of Virginia. He is now a 
member of our faculty, and under his guidance we have reviewed our 
experience with the ECMO program since 1980. 

(Slide) All of the infants were desperately iN and met objective criteria 
for mortality rate in excess of 95% in our own institution. The technique 
was venoarterial and was identical to that indicated by Dr. Bartlett. As 
you can see, our experience is less than Dr. Bartlett’s, but we have also 
enjoyed a number of survivors under adverse circumstances. 

(Slide) We have been particularly interested in the follow-up of these 
patients, specifically their growth and development, and have followed 
their cardiopulmonary, neuropsychological and renal maturation. 

(Slide) In these survivors the only unfavorable result occurred in one 
child who sustained three cardiac arrests and also had air embolism 
during the process of decannulation. This particular child now has mod- 
erate cerebral palsy but is intellectually bright. 

(Slide) The first two survivors have continued to grow and develop 
normally. We see them now at age 5 years. 

(Slide) I think these are the most rewarding aspects of this particular 
application. 

(Slide) Our conclusion is that ECMO is a safe procedure, normal de- 
velopment is possible in these children, but further follow-up and wide- 
spread verification are needed. 

I have some questions for Dr. Bartlett. We are interested particularly 
in the modifications that he is making in the technique that will allow 
it to be used without heparin and would like to hear the status of that 
application. We are wondering about the indications that he might be 
using at the present time for other types of pediatric support particularly 
in the case of congenital heart disease. Finally, some comments about 


-, the ventilator pathophysiology and whether there are means of identifying 


<P 


those more dangerous ventilator settings that would indicate a need for 


, ECMO support at an earlier time. 


Dr. RICHARD E. CLARK (Bethesda, Maryland): I too rise to congratu- 
late Dr. Bartlett, who had a dream 20 years ago and now has established 
a technique that has been taken up by others who have been able to 
document his initial success. I wish to ask Dr. Bartlett two questions. 
First, Dr. Ted Kolobow continues to work in our laboratory with young 
sheep and induces pulmonary barotrauma that is ameliorated with long- 
term ECMO support and removal of positive pressure ventilation. He 
is NOW using a single cannula technique in which blood is extracted from 
the circulation, allowed to resonate in a membrane oxygenator for a 
short period of time, and then is reinfused. This saves one cutdown and 
cannulation. My question is: have you tested this system in the laboratory 
or clinically in your neonatal group, and, if so, what are the results of 
this simplified system? 

Secondly, I, too, like Dr. Greenfield, think that the sick child you are 
treating provides an excellent opportunity to study the problem of baro- 
trauma. What clinicopathologic protocols are now in progress to study 
the influence of continued ventilation, various modes of ventilation, or 
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no ventilation at all for various periods of time in relation to the regression 
of the severe pulmonary disease while on the ECMO system? 


Dr. ROBERT H. BARTLETT (Closing discussion): I thank the discussants 
for their comments. Dr. Filler raised the question: Is it appropriate to 
be using this radical invasive technique with inherent risks in babies who 
might survive otherwise? We obviously have paid a lot of attention to 
that question in this series and waited until we had seen 50 patients 
before we entered our controlled prospective randomized study. In that 
study, 100% of the patients treated with ECMO who were full-term babies 
survived, and all the control patients died. The statistical method is in- 
teresting in that study. I will not go into it, but I will tell you that it was 
published in the Journal Pediatrics in October 1985, and that is where 
you can find that documentation. 

My neonatal friends around the country usually have the response 
that Dr. Filler articulated, that is, that babies die in other neonatal units 
but not in mine, and I cannot understand why we need this extravagant 
therapy. If that is true in that particular unit, quite obviously they do 
not need ECMO.. I do not mean to be facetious. Improvements will 
occur in neonatal ventilator management that will make this technique 
obsolete, and they will occur fairly quickly. There are centers currently 
(Columbia and Toronto, for example) where the methods of ventilator 
management are considerably different from what they are elsewhere, 
and results appear to be considerably better. 

Dr. Greenfield, thank you for your comments. The experience at MCV 
and at Pittsburgh was early corroboration of this work in other institutions, 
and I am very grateful that you have supported it well over these last 6 
years. The work with the heparin-coated system, allowing the use of 
extracorporeal circulation without anticoagulation, is proceeding well 
but slowly. We have had sheep on bypass for 4 days with no systemic 
heparinization, no bleeding, and no problems. We are still months or 
years away from clinical application, primarily awaiting help from 
the FDA. 

We have used the technique for support of other patient groups, as 
you asked. It is an excellent technique of cardiac support for the patient 
with biventricular failure in whom an aortic balloon or LVAD or RVAD 
is not satisfactory. Specifically, we treated two patients with failing hearts 
following cardiac transplantation (treated by Dr. Behrendt) with success, 
and we think the ultimate application of this technique will probably be 
in cardiac failure patients. We will also return to adults with respiratory 
disease, 

Peak airway pressure is the factor that leads to the persistence of pul- 
monary vasospasm and respiratory failure, I believe, as Ted Kolibow 
has nicely pointed out over the years. We have studied that in some 
detail in the patients on bypass. It does provide an interesting model. I 
won't take the time to go into the details. 

Finally, I would like to acknowledge four members of this Association 
who have supported this work over the years. I have mentioned Drs. 
Robert Gross and Francis Moore. I would personally like to thank Dr. 
John Connolly and Dr. Jeremiah Turcotte, my chairman in the depart- 
ments where this work has been carried out. They have been incredibly 
supportive. 
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Of 304 children who received primary renal transplants at the 
University of Minnesota between January 1, 1968, and December 
31, 1985, 48 (16%) were under the age of 24 months, 60 (20%) 
were 2-5 years old, and 196 (64%) were 6-17 years old at trans- 
plantation. Currently, 254 (84%) are alive at 2 months to 18 
years following their first transplants, 77% with functioning grafts 
(188 first, 45 retransplants) and 7% on dialysis. Overall, patient 
and graft survival were not significantly different from the pri- 
mary graft outcome of nondiabetic adults. The actuarial primary 
graft function rates at 1, 5, and 10 years were 100, 100, and 90% 
in 16 HLA-identical sibling kidneys; 84, 64, and 52% in 210 
mismatched related kidneys; and 72, 54, and 47% in 78 cadaver 
kidneys (p < 0.002). The 1-year patient survival and primary 
graft function rates in 44 mismatched related recipients under 
the age of 24 months were 92 and 88%. The use of deliberate, 
pretransplant random blood transfusion since 1979 has been as- 
sociated with a decreased rejection rate. Primary graft function 
of mismatched related kidneys in children receiving standard 
immunosuppression has significantly improved from 78% at 1 
year in the pretransfusion era to 91% (p < 0.01) in the transfusion 
era. The overall primary cadaver graft function rate, however, 
did not improve in the transfusion era. Whether cyclosporine 
use will improve the cadaver renal allograft function in very young 
recipients remains to be established. However, with the use of 
related donors, even very young children can be transplanted 
safely and with excellent results. 


end-stage renal disease (ESRD) was grim.! As re- 
cently as 1970, some physicians expressed the 
view that it would be kinder to both the parents and the 
child to let the child die rather than to prolong their suf- 


[Mees YEARS AGO the outlook for the child with 
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fering by unproven methods such as dialysis or renal 
transplantation.” Despite these early and difficult years, 
in the past 2 decades, we have established and built an 
aggressive pediatric hemodialysis and renal transplant 
program at the University of Minnesota.*~’ The first pe- 
diatric renal transplant was performed in 1963, and by 
1968 standardized surgical techniques for renal trans- 
plantation and immunosuppression, consisting of anti- 
lymphoblast globulin (ALG), azathioprine, and predni- 
sone were adopted,*> 

From January 1, 1968, to December 31, 1985, 315 
children between the ages of 6 months and 17 years re- 
ceived 380 renal transplants (304 first transplants, 76 re- 
transplants) at the University of Minnesota (Fig. 1). We 
analyze the results of the 304 children who received pri- 
mary renal transplants to examine their long-term out- 
come and causes of primary graft failures and deaths. We 
evaluated whether the recipient’s ages at transplantation 
or the various immunosuppressive regimens used had an 
impact on graft function and patient survival. The out- 
come of retransplantation in children has been the subject 
of a recent report and will not be presented here.” 


Materials and Methods 
Patients 


Forty-eight (16%) of the 304 children were under 24 
months of age (0.5-1 yr) at the time of transplantation, 
60 (20%) were between 2 and 5 years, and 196 (64%) were 
between 6 and 17 years of age. Sixteen received kidneys 
from HLA-identical siblings, 210 from HLA-mismatched 
relatives, and 78 from cadaver donors. 
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The leading cause of renal failure (Fig. 2) in older chil- 
dren (6-17 years) was glomerulonephritis, For children 
transplanted before their second birthday, the primary 
cause was congenital hypoplasia—dysplasia, and between 
2 and 5 years of age it was congenital nephrotic syndrome 
(Fig. 2). Forty-one children received renal transplantation 
for diseases, which can recur following transplant (20 with 
steroid-resistant nephrotic syndrome and focal segmental 
glomerulosclerosis, FSGS; 9 with hemolytic-uremic syn- 


drome, HUS; 7 with type I hyperoxaluria, oxalosis; 3 with ` 


dense intramembranous deposit disease; and 2 with 
Wilms tumor). Causes of ESRD, shown as the “other” 
category in Figure 2, included interstitial nephritis (2), 
IgA nephropathy (1), Wegner’s granulomatosis (1), con- 
genital renal tubular acidosis (1), and various congenital 
syndromes associated with nephropathies—-Epstein (2), 
Cockayne (1), Drash (1), Jeune-Dwarf (2), and Sen- 
ior (1). 

Excluded from this study were two children who re- 
ceived combined kidney and liver transplants for 
alpha-1 antitrypsin deficienty and three children under 6 
months of age, who were transplanted between 1968 and 
1973.34 


Recipient and Donor Selection 


Our criteria for accepting children for transplantation 
are quite liberal. Important relative or absolute contrain- 
dications to transplantation included active infection, ac- 
tive autoimmune disease (e.g., active systemic lupus er- 
ythematosus, high levels of antiglomerular basement 
membrane antibodies), ABO incompatibility between re- 
cipient and donor, malignancy that cannot be brought 
under control, and debilitating, irreversible brain injury. 
Recipients with extrarenal congenital abnormalities such 
as coarctation of the aorta and anal agenesis have been 
accepted for transplantation after appropriate surgical 
treatment. All potential recipients undergo a thorough 
evaluation by a multidisciplinary team of pediatric ne- 
phrologists, surgeons, neurologists, psychologists, and so- 
cial workers. Hepatitis B and pneumococcal vaccines are 
currently given prior to transplantation. Children with 
primary oxalosis are evaluated and managed, as described 
by Scheinman et al.” 

The assessment of living related, ABO compatible, po- 
tential donors has previously been described.*'° Living 
donors with hypertesion were not used. Tissue typing and 
cross-matching techniques were performed, as previously 
described. When cadaveric kidneys were used, an effort 
was generally made towards HLA-A,B matching, although 
HLA-A,B mismatched kidneys were regularly used. No 
attempt was made to match the recipient and donor at 
the HLA-D locus. However, transplantation was per- 
formed only when cross-matches were negative to the re- 
cipient’s past and current sera. 
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Fig. 1. The number of transplants performed in children each year and 
their ages at transplantation between January 1, 1968, and December 
31, 1985, at the University of Minnesota. During this period, 315 children 
received 304 primary transplants and 76 second or multiple transplants. 
0.5-1 yr represents children 6 to 23 months of age. 


Operative Techniques 


The surgical techniques and perioperative management, 
especially of small children, have previously been de- 
scribed in detail.'°!! In brief, meticulous intraoperative 
monitoring of core temperature with a rectal probe, central 
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Fic. 2. The etiology of end-stage renal disease (ESRD) and the ages at 
transplantation in 304 pediatric recipients of primary renal allografts. 
0.5~1 yr represents children 6 to 23 months of age. 


248 


venous pressure through a central line or a Hickman 
catheter, and accurate monitoring of arterial blood pres- 
sure and posttransplant urine output are mandatory. It is 
prudent to raise the central venous pressure to 12-18 cm 
H,0 just prior to releasing the vascular clamps to com- 
pensate for the volume required to perfuse the trans- 
planted kidney. 

In recipients weighing over 17 kg, the extraperitoneal 
Operative approach is used for either a pediatric cadaver 
kidney or an adult donor kidney. In children weighing 
less than 17 kg, adult kidneys are transplanted through a 
transperitoneal midline incision; the cecum is mobilized, 
and the aorta and vena cava are dissected free. The donor 
renal vein is anastomosed to the side of the recipient’s 
distal inferior vena cava or common iliac vein, and the 
donor renal artery is anastomosed to the side of the aorta 
or the common iliac artery. The donor ureter is implanted 
into the bladder using the Leadbetter-Politano uretero- 
neocystostomy technique. !° 

Unilateral or bilateral nephrectomies are performed 
when indicated. Right atrial Silastic® or Hickman cath- 
eters placed in infants before operation for dialysis access 
have greatly facilitated their perioperative dialysis man- 
agement. !2-!4 


Immunosuppression Protocols 


Apart from the introduction of deliberate pretransplant 
random blood transfusions in 1979, the immunosuppres- 
sion protocol used in most children between January 1968 
and June 1984 was fairly standard.”*'° In brief, azathio- 
prine (5 mg/kg/day) was begun on the day of transplan- 
tation and tapered to a maintenance dose of 2.5 mg/kg/ 
day; prednisone was started at 2 mg/kg/day and tapered 
to a maintenance dose of 0.25-0.3 mg/kg/day by | year 
after transplantation. Minnesota antilymphoblast globulin 
(ALG) was given for the first 14 postoperative days at 30 
mg/kg/day, and methylprednisolone was given at 20 mg/ 
kg for the first 3 postoperative days. The 16 children who 
recieved kidneys from HLA-identical siblings received a 
lower dose of ALG at 20 mg/kg/day and a lower dose of 
prednisone starting at 1 mg/kg/day. Acute rejection epi- 
sodes were generally documented by percutaneous biopsy 
and treated by increasing the oral prednisone dose back 
to 2 mg/kg/day, followed by a tapering schedule. A 10- 
day course of ALG at 20 mg/kg/day was often added to 
treat first injection episodes. An identical immunosup- 
pressive schedule was generally followed in retransplan- 
tation, but, more recently, several children received frac- 
tionated total lymphoid irradiation or cyclosporine 
(CSA).’ The protocols for these regimens have previously 
been described.'*'® Transplant nephrectomy was not 
routinely performed unless the patient developed graft 
tenderness, toxic systemic symptoms, hyperacute rejec- 
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tion, severe hypertension, or unless the graft was removed 
to expedite the management of infection. When the initial 
graft was not removed, low dose immunosuppression was 
usually continued until the patient was retransplanted.’ 

Splenectomy was routinely performed in almost all pa- 
tients prior to 1984. Because of the increased risk of over- 
whelming sepsis following splenectomy!”~!9 and our fail- 
ure to document the long-term beneficial effect of sple- 
nectomy on graft function,” the practice of routine 
pretransplant splenectomy was abandoned in June 1984. 
Following transplantation, all children receive daily oral 
trimethoprim-sulfamethoxazole to prevent Pneumocystis 
carinil, Nocardia, Listeria, and Legionella infections. 
Splenectomized children are also placed on daily phen- 
oxymethyl penicillin to minimize the risk of overwhelm- 
ing, postsplenectomy sepsis.*! Oral nystatin is always pre- 
scribed during the immediate posttransplant period and 
during treatment of rejection to minimize the risk of op- 
portunistic fungal infection. 

On June 20, 1984, a prospective nonrandomized trial 
was begun comparing the results of donor-specific trans- 
fusion (DST) with a protocol consisting of standard im- 
munosuppression plus low dose CSA. Only children with 
two or more acceptable mismatched related donors are 
considered for DST. This criteria was arbitrarily estab- 
lished so that the child sensitized to one donor by DST 
can still be transplanted without delay, if an alternate re- 
lated donor is available. Instead of receiving random blood 
transfusions, children on the DST protocol receive three 
transfusions from the potential donor (3 ml/kg of packed 
cells) given over 2 weeks on days 0, 7, and 14. Azathioprine 
is given (2 mg/kg/day) beginning | week prior to the first 
transfusion and continued until transplantation, which is 
usually 4-6 weeks following the last transfusion. Following 
transplantation, the children receive standard immuno- 
suppression, identical to the protocol previously described, 
except that the dose of azathioprine is maintained at 2 
mg/kg/day. 

Recipients of mismatched related kidneys who are not 
on the DST protocol and recipients of cadaver kidneys 
are given standard immunosuppression plus low dose 
CSA.” These patients are started on oral CSA at 6 mg/ 
kg/day on the 10-12th postoperative day, at a time when 
the patients all had good renal function (creatinine below 
1.0 mg/kg). Then every 30 days, the CSA dosage is reduced 
by | mg/kg until the patient is weaned entirely from the 
drug or until an episode of rejection occurs. If rejection 
is suspected, the patient undergoes percutaneous trans- 
plant biopsy to confirm the diagnosis. When rejection is 
demonstrated, the dose of CSA is increased 1-2 mg/kg 
and the patient is treated with additional steroids. Trough 
CSA levels are determined by whole blood HPLC.? We 
compared the pediatric transplant experience with the re- 
sults of 493 nondiabetic adults who received primary renal 
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transplants during the same 18-year period. The immu- 
nosuppression used in adults was the same as in children, 
but cyclosprine was used in most adults transplanted since 
1981.1624 


Data Analysis 

All 304 children were studied 2 months to ig years 
following their primary renal transplants. All deaths, in- 
cluding patients who died after returning to maintenance 
dialysis, are included in the andlysis. Graft failures are 
defined as the return of the patient to dialysis, transplant 
néphrectomy, or patient death, even if the graft was func- 
tioning at the time of death. Actuarial graft and patient 


survival rates were obtained by life table analysis, and 
Gehan’s test was used for statistical comparison.?> 
Results | 

Primary graft function rates in the 304 children at 5, 
10, and Í$ years were 64, 53, and 43%, and patient survival 
rates were 85,79, and 74 (Fig. 3). Children who received 
HLA-identical sibling kidneys achieved, by far, the best 
results. Primary graft function and patierit survial rates 
were 100, 100, and 90% at 1, 5, and 10 years, respectively 
(Figs. 4A and B). Children with mismatched related kid- 
neys had a significantly better primary graft fiinction than 
children who received cadaver kidneys (p < 0.03). The 
l-, 5-, and 10-year primary graft function rdtes were 84. 
64, and 52% for mismatched related kidneys, and 72, 
54,and 47% for cadaver kidneys (Fig. 4A). Patient survival 
for recipients of cadavér kidneys and inismatched related 
kidneys was not significantly different. Patient survival 
rates at 1, 5, and 10 yéars for mismatched related and 
cadavér kidneys were 95, 85, and 81%, and 95, 84, and 
73%, respectively (Fig. 4B). 

The results of 39 cadaver kidneys matehed for two or 
more HLA-A, B antigens were compared with the outcome 
of 39 cadaver kidneys that were completely: mismatched 
or matched for only one HLA-A,B antigen, in order to 
assess whether tissue matching affected primiary cadaver 
graft outcome in children. Primary graft function at | and 
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5 years for 0-1 HLA-A,B antigen matched cadaver kid- 
neys was.79 and 57%, compared with 66 and 51% for 
cadaver kidneys matched at 2~4 HLA-A,B antigens. These 
differences were not significant. Patient survival rates were 
essentially identical in both groups. 


Comparing the Results in Children Versus Nondiabetic 
Adults 

The primary sak function and patient survival rates 
of the 304 children were compared with 493 nondiabetic 
adults, ages 18-40 years, transplanted at the University 
of Minnesota between January 1, 1968, and December 
31, 1985 (Fig. 5). This group of adults was chosen because 
their results probably represent the best in the adult trans- 
plant populatioii. Living related transplants in children 
had essentially the same patient and graft function rates 
as in young, nondiabetic adults (Figs. 5A and B). Similarly, 
cadaver transplantation in childten and adults has the 
sathe patient survival (Fig. 5C). However, adults with ca- 
daver kidneys tended to have a slightly better primary 
graft function rate than children who recéived cadaver 
kidneys, although the differences were not significant (Fig. 
5C). Thé primary graft function rates at 1 and 5 years 
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Fics. 5A~C. Comparison in primary graft function and patient survival 
between children. (0.5—17 years) and nondiabetic adults (18—40 years) 
by the source of donor kidneys: HLA-identical sibling (4), mismatched 
related (B), dnd cadaver (C). 


were 78 and 66% in nondiabetic adults, compared with 
72 and 54% in children. 


Effect of the Child ’s Age at Transplantation 


The data comparing the results of children transplanted 
under the age of 24 months (0.5-1 year) with children 
ages 2—5 years and 6—17 years were analyzed to determine 
the safety and outcome in transplanting very young chil- 
dren. The 1-year patient survival rate for children aged 
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0.5-1, 2-5, and 6-17 years were 92, 95, and 95% for mis- 
matched related kidneys, and 100, 85, and 95% for ca- 
daveric kidneys (Figs. 6B and D). The 1- and 5-year graft 
function rates in 44 mismatched related allografts in chil- 
dren under 24 months were 88 and 67% and were not 
significantly different from thé results in older children 
(Fig. 6A). The number of children less than 2 years of age 
transplanted with cadaver kidneys was too small to afia- 


lyze. 


The Effect of Era on Graft Outcome 


To better assess the current risk—benéfit relationship of 
primary renal transplantation in children, we analyzed 
the results by eras. We compared the results of the most 
recent experiences using DST or low dose CSA (June 20, 
1984~-December 31, 1985; era 3) with the earlier éxperi- 
ences with standard immunosuppression either prior to 
the use of deliberate pretransplant random transfusion 
(January 1, 1968—July 31, 1979; era 1) or after the adop- 
tion of a transfusion policy (August 1, 1979-June 19, 
1984; era 2). 

Primary mismatched related graft function improved 
in both transfusion eras (eras 2 and 3) (Fig. 7A). The 1- 
and 5-year primary graft function rates in erä 2 were 92 
and 77%, compared with 78 and 56% in era 1 (p < 0.01): 
The i-year graft function in era 3 was 89%, and none of 
the mismatched related recipients who received DST (14) 
or low dose CSA (14) lost their grafts because of rejection 
or infection. The incidence of sensitization following DST 
in 15 children was 7% (1/15). In all three eras, patient 
survival rates following ‘mismatched related transplants 
were virtually identical. The 1-year patient survival rates 
were 93% in era 1, 95% in era 2, and 100% in era 3 
(Fig. 70). | 

A change in transfusion policy, however, did not im- 
prove the overall cadaver graft outcome in children on 
standard immunosuppression (Fig. 7B). The 1-year pri- 
mary graft function rates for eras | and 2 were 73 and 
70%, respectively, and patient survival rates were 95 and 
97%. The recent experience (era 3) with low dose CSA, 
although limited to seven pediatric cadaver recipients (four 
children 1-5 years old and three childfen 10-11 yéars 
old), has been encouraging (Fig. 7B). Apatt from one child 
who died from a technical complication on the first post- 
operative day, the other six children are alive with excel- 
lent graft function. 


Causes of Primary Graft Failure 


The causes of primary graft failure are shown in Table 
1. Of the 304 primary renal allografts, 116 (38.2%) have 
lost function. Seventy-three (24%) were rejected, 16 (5.3%) 
patients developed recurrent disease, and 10 (3.3%) were 
lost due to nonseptic deaths in patients with functioning 
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gtafts. Only 18 (5.9%) of the 304 first renal allograft failed 
because of deaths from sepsis, technical failures, primary 
graft nonfunction, or due to the development of 4 viral 
associated lymphoma.” The natures of the eight technical 
failures wére as follows: two had primary renal vascular 
thrombosis; two grafts were lost tö. complications asso- 
ciated with attempts tö repair transplant renal artery ste- 
noses by balloon angioplasty or surgery; three developed 
urinary leaks, one from an ileal bladder; and one patient 
died following an inddvertent enterotomy. . . 
Recurtence of the primary disease was confirmed by 
biopsy samples taken from the allograft and was the sec- 
ond most common cause of gtaft loss: Children with pri- 
mary oxalosis and dense intramerhbranous deposit disease 
(DIDD) had the highest incidence of graft loss from re- 
currénce. Five out of seven primary grafts (71%) in chil- 
dren with primary oxalosis and two out of three grafts 
(67%) in children with DIDD failed because öf recurrence. 
Oné child with DIDD has retained good graft function 
for 18 years, despite histologic evidence of recurrence. Six 
of the 20 children (30%) with focal segmental glomeru- 
losclerosis and steroid resistant nephrotic syndrome and 
three out of nine children (33%) with hemolytic-uremic 
syndrome also lost their primary grafts because of recur- 
rence. The two children whose native kidneys were te- 
moved because of Wilms’ tumor died because of septic 
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and technical complications, but recurrent tumor was 
found in both at autopsy. 

Analvsis of the causes of primary graft failures by era 
and interval shows that the improved survival of mis- 
matched related allografts in era 2 was largely due to the 
marked reduction in the number of grafts lost to rejection 
(Table 2). In fact, recurrent disease has become the prin- 
cipal cause of failure in mismatched related primary al- 
lografts in the transfusion era. The causes Of primary ca- 
daver graft failures are shown in Table 3. Although overall 
cadaver graft function rates did not improve in era 2 (Fig. 
7B), transfusion may have had a beneficial efféct in low- 
ering the incidence of loss of cadaver grafts to rejection 
(Table 3). In era 3, thus far, none of the mismatched re- 
lated or cadaveric allografts in patients receiving either 
DST or low dose CSA have been lost to rejection. 


Outcome of 304 Children 


The outcome of 304 children studied 2 months to 18 
years following their first kidney transplants is summa- 
rized iti Table 4. Two hundred fifty-four patients (84%) 
are alive: 233 (77%) with furictioning grafts (188 primary 
grafts and 45 retransplants), and 21 (7%) on maintenance 
dialysis following one or more transplant operations. 

Fifty (16%) of the 304 children have died. Fourteen 
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(4.5%) died within the first 6 months following transplan- 
tation from septic and nonseptic complications—nine 
(3%) following the first transplant, and five following the 


TABLE |. Causes of Primary Renal Allograft Failure in Children 


1. Rejection (including 2 from non- 
compliance, | following withdrawal of 
therapy for cytomegalovirus infection) 73 (24) 


2. Recurrent disease (6 steroid resistant 
nephrotic syndrome, 5 oxalosis, 3 
hemolytic-uremic syndrome, 2 dense 
deposit disease} 16 (5.3) 


3. Patient deaths 
(a) Sepsis (3 cytomegalovirus, 2 post- 
splenectomy overwhelming bacterial 
sepsis, | varicella, 1 virus associated 
lymphoproliferative disease) 7 (2,3) 


(b) Nonseptic causes (3 traffic accidents, 
l heart block, | metabolic, 1 anesthetic 
accident, | pancreatitis, | intracerebral 
hemorrhage, 2 complications of 


exploratory laparotomy) 10 (3.3) 

4. Technical failures (4 vascular, 3 urologic, 
1 bowel perforation) 8 (2.6) 
5. Primary nonfunction 2 (0.7) 
Total 116/304 (38.2} 
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changes in immunosuppres- 
sive regimen and experiences 
gained with time on graft 
function and patient survival 
of mismatched related (4 and 
C) and cadaver primary al- 
lografts (B and D). The data 
compare children who re- 
ceived ALG + azathioprine 
+ prednisone without delib- 
erate pretransplant random 
blood transfusion (January 1, 
1968-July 31, 1979, orera 1), 
with children who received 
random blood transfusion 
(August 1, 1979-June 19, 
1984, or era 2), and the most 
recent protocols of using ei- 
ther donor specific transfu- 
sion or low dose cyclosporine 
in addition to ALG + aza- 
thioprine + prednisone (June 
20, 1984-December 31, 
1985, or era 3). 
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second to fifth transplants. Four children died of uremia 
when, respecting the parents wishes, they were withdrawn 
from dialysis or not placed on dialysis after losing primary 
graft function (3 were children with primary oxalosis). 
Twelve died on maintenance dialysis (10 after losing their 
first grafts and 2 after failure of their retransplants) from 
the following causes: cardiac arrest due to hyperkalemia 
or aspiration, or some uncertain etiology (7); postsple- 
nectomy overwhelming Hemophilus influenzae or Esch- 
erichia coli sepsis (2); cryptococcal and staphylococcal 
lung abscess (1); suicide (1); and hypertensive encepha- 
lopathy with intracerebral hemorrhage (1). 

Twenty children (6.5%) died with functioning grafts 
(13 primary grafts and 7 retransplants) and their causes 
of death are shown in Table 5. Overwhelming pneumo- 
coccal or gram-negative sepsis after splenectomy, char- 
acterized by death within 72 hours of clinical presentation, 
occurred in four children and was the most common cause 
of death in children with functioning grafts (Table 5). 
Three children also died of Epstein—Barr virus associated 
lymphoproliferative disease, two of them after the use of 
total lymphoid irradiation for retransplantation. 


Discussion 


Although most children with ESRD can now be kept F 
alive with maintenance dialysis, renal transplantation is 
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TABLE 2, Causes yf Primary Mismatched Related Allograft Failure in Children Analyzed by Era and Interval Following Transplantation 





Era | phe eg, Era 2 (8/79--6/19/84) Era3 (6;'20/84—12/85) 
= 98 N = 84 N = 28 
Interval after transplant sl yr >I yr si yr >I yr si yr >] yr 
Rejection 20 25" 3t 1 0 0 
Recurrent disease Í 3 . 2 5 2 0 
Septic deaths 
Cytomegalovirus 1 0 0 0 0 0 
Overwhelming postsplenectomy sepsis 0 0 Í 0 0 0 
Varicella 0 l 0 0 0 0 
Virus associated lymphoproliferative 
disease , 0 l 0 0 0 0 
Nonseptic deaths | 
Traffic accidents 0 i 0 i 0 0 
Other causes*** 0 3 0 2 0 0 
Technical 2 — 1 _ 1 — 
Primary nonfunction © — l — 0 — 
D Total 34 8 9 0 


24 





* Two were from noncompliance, 
+ One from withdrawal of immunosuppression for soona 
infection. 


the best long-term treatment and provides the child with 
the best chance for a normal life-style and the optimal 
potential for growth and development.®*’-** 

Our results demonstrate that the long-term graft out- 
come and patient survival of primary renal transplantation 
in children is very good and is not significantly different 
from our experience with young nondiabetic adults be- 
tween 18 and 40 years of age (Fig. 5). Primary graft func- 
tion rates are comparable with the 10-year survival rates 
reported by two other pediatric centers. The group in San 
Francisco reported 10-year actuarial primary graft func- 
tion of 55% in 60 HLA-identical and mismatched related 


kidneys and only 31% in 85 primary cadaver allografts.” 
On the other hand, the group from Toronto reported 10- 
year actuarial primary graft function of 59% in 78 cadav- 
eric allografts in children.” 

Children who received HLA-identical sibling kidneys 
had the best graft and patient survival (Fig. 4A). In fact, 
only one of 16 primary HLA-identical sibling allografts 
was lost; the recipient died in a traffic accident 7 years 
following transplantation. The primary graft outcome of 
mismatched related transplants in children was signifi- 
cantly better than cadaver kidneys. There was a trend, 
however, for both cadaver and mismatched related graft 


_ TABLE 3. Causes of Primary Cadaver Allograft Failure Analyzed by Era and Interval Following Transplantation 





Era 3 (6/20/84~12/ 
Era 1 (1/68-7/79) Era 2 (8/79-6/19/84) 85) 
= 4] N = 30 N=7 

Interval after transplant sl yr >l yr sl yr >] yr sl yr >] yr 
Rejection 13 3 2 0 0 
Recurrent disease 0 Í 2 0 ‘0 0 
Septic deaths 

Cytomegalovirus * 2 0 0 0 0 0 

Overwhelming EENE sepsis 0 0 0 1 0 0 
Nonseptic deaths 

Metabolic 0 0 1 0 0 0 

Anesthetic accident 0 } 0 0 0 0 
Technical 2 — Í — i ~ 
Primary nonfunction 0 — 1 — 0 = 
Total 10 15 8 3 l 0 
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TABLE 4. Outcome of 304 Children Receiving Primary 
Renal Allografts (1968-1985) 


N (%) 


Sane eee 
Alive 254 (84) 
233 (77) Have functioning grafts (188 
first, 45 retransplants) 

2] (7) On dialysis (13 after Ist 
transplant, 8 after 
retransplants) 

Deaths 50 (16) 

16 (5) Occurred in patients without 
graft function while on 
maintenance dialysis or 
following withdrawal from 
therapy (14 after Ist 
transplant, 2 after 
retransplant) 

20 (6.5) Occurred in patients with 
functioning grafts 

14 (4.5) Occurred within 6 months 


posttransplant following 9 
first and 5 retransplants 
from septic and nonseptic 
complications (6 technical, 
4 cytomegalovirus, | 
hypocalcemic cardiac 
arrest, | lymphoma, | 
bleeding gastric ulcer, | 
ruptured kidney from 
hyperacute rejection) 


eee oe ten ie epee 


function to decline gradually with time (Fig. 4A), so that 
by 10 years after transplantation the overall graft function 
of mismatched related kidneys approached that of cadaver 
kidneys (Fig. 4A). Analysis of graft loss occurring more 


TABLE 5. Causes of Death in 20 Children Who Died with 
Functioning Grafis (13 Primary Grafts, 7 Retransplants) 


Traffic accident 3 
Lymphomas (2 following total lymphoid irradiation for 
retransplantation) 3 
Infection 
Overwhelming postsplenectomy pneumococcal or gram- 
negative sepsis 4 
Chickenpox Í 
Fulminant hepatitis B l 
Heart block | 
Idiopathic chronic pulmonary fibrosis in a child with 
cystinosis l 
Intracerebral hemorrhage (bleeding diathesis) | 
Gastrointestinal causes 
Perforated left colon I 
Small bowel obstruction | 
Pancreatitis 1 
Inadvertent enterotomy on abdominal exploration for 
abdominal pain i 
Anesthetic accident (inguinal hernia repair) l 
Total 20 


e a a a a a 
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than 1 year following transplant (Tables 2 and 3) showed 
that chronic rejection largely accounted for the gradual 
decline in both mismatched related and cadaver graft sur- 
vival in the pretransfusion era. 

Since the institution of random blood transfusion before 
transplantation (era 2), there has been a dramatic decrease 
in the rate of rejection of mismatched related grafts and, 
thus, a significant improvement in mismatched related 
primary graft function (Table 2, Fig. 7A). Only four of 
the 84 mismatched related transplants in era 2 were re- 
jected (1.5-6.5 years following transplantation). Mis- 
matched related graft outcome was also excellent in the 
28 children who received either DST or low dose CSA in 
era 3. The l-year graft function in era 3 was 89% and not 
a single graft has been lost to rejection 3 months to 1.5 
years following transplantation (Table 2, Fig. 7A). In this 
center, recurrence of the original disease is the major cause 
of graft failure in children with mismatched related kid- 
neys in the transfusion era (Table 2). 

Era 2, defined by the use of pretransplant transfusion, 
was not associated with an improvement in the overall 
cadaver graft outcome of children receiving standard im- 
munosuppression (Fig. 7B), but, since fewer cadaver al- 
lografts were lost to rejection (Table 3), the transfusion 
strategy may have been helpful. In addition, matching 
between the recipient and donor at the HLA-A or B locus 
did not influence the primary cadaver graft function in 
this series of 78 cadaver transplants in children. 

Recently, we have designed an immunosuppressive 
protocol using low dose CSA combined with standard 
immunosuppression. This new protocol is based on our 
current adult regimen, which has achieved a 89% 1-year 
cadaver graft function.** Our results, although prelimi- 
nary, are encouraging. Apart from the patient who died 
of a technical complication, the other sick cadaver allo- 
grafts have excellent function at 3 months to 1.3 years. 

Recurrence of the original disease in the transplanted 
kidney has become the leading cause of graft failure in 
children receiving mismatched related kidneys in the 
transfusion era (Table 2). These include primary oxalosis, 
dense intramembranous deposit disease, HUS, and FSGS 
with steroid resistant nephrotic syndrome. The long-term 
outcome of dialysis treatment when primary oxalosis is 
the cause of renal failure, however, is particularly grim.° 
Based on earlier reports that long-term graft function is 
possible, we have transplanted seven children with this 
disease.”**** Five of seven primary grafts were lost to 
recurrence, and three of the children have died following 
withdrawal from further treatment. However, four chil- 
dren are currently alive and well: two with functioning 
primary grafts at 3 and 5 years, and two with successful 
retransplants. Nonetheless, it should be clearly understood 
that the management of children with renal failure from 
oxalosis is extremely complex and difficult. 


x? 


> 
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Dense intramembranous deposit disease (or type I 
membranoproliferative glomerulonephritis) invariably 
recurs in the transplanted kidney, but it was said that this 
seldom leads to graft failure.*?*° In contrast, two thirds 
of the primary grafts in our patients with this disease have 
been lost to recurrence.” 

The true incidence of recurrence following transplan- 
tation in children with HUS is unknown,*!* but, in nine 
children receiving primary allografts, three (33%) were 
lost to recurrent HUS. Although CSA has been reported 
to cause glomerular capillary thrombosis and even an 
HUS-like syndrome,**” none of these nine received CSA. 
Currently, all HUS patients receive antiplatelet agents 
shortly after transplantation to minimize the risk of re- 
currence, but the effectiveness of this form of therapy has 
not been proven. 

In the present study, the incidence of graft failure from 
recurrent FSGS in children with steroid resistant nephrotic 
syndrome following transplantation is 30% (6/20), which 
is similar to the 20% (5/24) reported by Habib et al.* In 
two recent reviews, Striegel et al. and Hebert et al.“ 
describe the clinicohistologic findings of these children 
with recurrent HUS and FSGS at the University of Min- 
nesota. 

Our results show that renal transplantation can be per- 
formed safely in children. Within the first 6 months fol- 
lowing the first transplant, only 3% of the children have 
died from septic and nonseptic causes, compared with 5% 
who died on dialysis or following withdrawal from dialysis, 
and 6.5% who died with functioning grafts from a variety 
of causes, including traffic accidents. Postsplenectomy 
overwhelming sepsis accounted for six deaths (2%) and 
was a major cause of late deaths in young kidney recipients 
who were often otherwise healthy. In all cases, the clinical 
presentation characterized by acute death within 72 hours 
of symptoms was similar to the cases reported by Cerilli 
et al.” and McEnery et al.!® The ages of the children 
ranged from 3 to 11 years. Pneumococcus was cultured 
in three children, H. influenzae in one, E. coli in one, and 
an unidentified gram-negative organism was found in the 
cerebrospinal fluid in one child. In view of the high risk 
of exposing the children to overwhelming septic death 
and because splenectomy did not improve long-term graft 
function,” we have abandoned the practice of routine 
pretransplant splenectomy. Furthermore, all the children 
who have been splenectomized should receive pneumo- 
coccal vaccination and daily oral phenoxymethyl peni- 
cillin in addition to trimethoprin~sulfamethoxazole for 
life, to minimize the potential for overwhelming sepsis. 
Although the effectiveness of chemoprophylaxis has not 
been proven in the postsplenectomized transplant pop- 
ulation, noncompliance or temporarily withholding the 
antibiotics for other reasons seems to have contributed to 
several of the septic deaths. In fact, there were no deaths 
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from overwhelming bacterial sepsis in any of our patients 
who were receiving both antibiotics. 

This study confirms our earlier reports that young chil- 
dren, and even infants under the age of 1 year, can be 
transplanted safely, and graft outcome of living-related 
transplants in young children is extremely good.”>!>? This 
contradicts repeated reports that renal transplantation in 
children under 5 years of age, and especially those under 
24 months, results in lower patient and graft survivals. 

Our l-year patient survival and primary graft function 
rates in 44 children between the ages of 6 and 24 months, 
who received primary mismatched related allografts, were 
92 and 88% (Figs. 6A and C). Growth following trans- 
plantation in very young children is also encouraging. In 
a study of the growth pattern in six boys under the age of 
1 year,” we found that the mean increment in the height 
standard deviation score, 2-7 years following transplan- 
tation, was +1.4, and all had normal head circumference 
(five were microcephalic before transplantation). 

In conclusion, renal transplantation in infants and 
children is at least as successful as in nondiabetic young 
adults. As immunosuppression has become increasingly 
sophisticated, renal losses from rejection have diminished. 
As a consegeunce, recurrence of original disease has be- 
come relatively much more important in influencing graft 
outcome. One positive note for children, as transplant 
candidates, is the dominance of nonrecurrent diseases as 
causes of renal failure. Nonetheless, fundamental research 
in disease pathogenesis appears to be a vital next frontier. 
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DISCUSSION 

Dr. JEREMIAH G. TURCOTTE (Ann Arbor, Michizan): I want to thank 
Dr. Najarian for asking me to comment on his paper and also compliment 
him arid the group from Minnesota for what obviously are excellent 
results in what I believe is the largest experience with renal transplantation 
in children. l 

Transplantation is clearly the treatment of choice as compared to 
dialysis for most children with end stage renal disease. The comparative 
advantages in transplantation are resumption of growth as compared to 
children on dialysis, better psychological adjustment, improved cognitive 
function, and a rate of return to school on a full-time badis or return to 
normal function of at least 60%. With the use of donor-specific trans- 
fusion, the group at San Francisco, under Dr. Salvatierro, has reported 
a 93% 6-year actuarial survival rate for grafts done in children. Dr. Na- 
jarian’s experience, as he presented it this morning, confirms that the 
results in children 5 years and older are certainly equivalent and perhaps 
even better than the results in adults. Transplantation in children under 
5, however, is somewhat more conmover, especially among pediatric 
nephrologists.. 

There is a definite advantage to transplanting very young children. 
That i is when much growth takes place, and that is a major problemi in 
children with renal disease. Thus, if you transplant them early, they have 
a chance to resume their normal growth rate earlier. Moreover, there is 
good evidence that they can have accelerated growth if you transplant 
them under the age of 7; that is, they can actually catch up to some of 
the growth they have lost: However, if you look at the overall results of 
transplantation in these young children throughout the United States, 
they are not as good as the results with adults. 

One of the major contributions in this paper is that you can get excellent 
long-term results in children under 5, a 63% graft survival and 82% 
patient survival in 5. years. In children under 2, there is not as much 
experience; however, groups that have had a lot of experience seem to 
get good results. 

In our own institution we will transplant infants. The youngest child 
successfully transplanted with a cadaver graft was 14 weeks of age. We 
also do cardiac grafts in children. It is too soon to tell whether long-term 
results, especially. with cadaver grafts, will be as good, but it is very en- 
couraging. I think that this now is standard treatment, when not too 
many years ago transplantation in children under 5 was considered a 
contraindication: 


Dr. JAMES CERILLI (Albany, New York): First, I would like to thank 
Dr. Najarian for asking me to discuss this paper. I think this is a bench- 
mark paper. It eliminates once and for all any question about the ap- 
propriateness of transplanting children and particularly transplanting 
infants. Unfortunately, this attitude was not always.prevalent. 

(Slide) In 1969, when I transplanted this child, the attitude was really 
very much against transplantation in infants. (Slide) Here she is a few 
years later. Unfortunately, as Dr. Najarian mentioned, recurrént he- 
molytic anemia ig indeed a problem in children. Ultimately, she lost this 
graft from that disease and subsequently was successfully transplanted 
with a cadaver graft. 

(Slide) A few months later, in late 1969, we transplanted this infant 
who was 11 months of age. Here he is a few years later. He is now a 
normal teenager, approximately 16 years old, and, if you put him in a 
group, you cannot pick him out from his peers. I emphasize that point 
in deference to Dr. Zollinger, who used to harass me with great joy about 
the moonfacedl children running around the halls, who were undergoing 
transplantation. 

(Slide) I do think we tend to overestimate somewhat the growth po- 
tential of children who have undergone transplantation. When they are 
very young, they will make up their height loss; those transplanted later 
terid to parallel the normal development, but most really do not get the 
spurts in growth one would like to see: 

(Slide) Here are a few growth curves in girls and boys. They parallel 
normal development, but they really do not get back up into the normal 
curve. 

(Slide) Transplantation i in children has also taught us something very 
important about the role of splenectomy in individuals with compromised 
immunological systems. We noted in the mid-1970s that, if you did a 
splenectomy in children under the age of 8 or 12, they ran a substantial 
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risk from acute pulmonary infections, several dying within a few hours 
of onset of their illness; that made splenectomy a contraindication for 
such children. I think that this has applicability ta the nontransplant 
population, indicating extreme caution for splenectomy in.thosé with 
compromised immunological systems, particularly those who develop 
a compromised immunological system in their younger years. 

Again, I would like to congratulate Dr. Najarian and ask him two 
quéstidns. First, do you think transplantation in children, and in infants 
particuarly, has taught us anything about the aging process? It is not 
uncommon to transplant kidneys that are 30, 40, or 50 years of age into 
infants. Do you think that these kidneys will behave according to their 
chronological age, or do you believe that they will behave according to 
the biological environment in which they are placed? - 

Secondly, in view of the recent emphasis on ethics in transplantation, 
I would like to ask you for your own point of view about a specific 
circumstance. If you had a child less than 2 months of age, with other 
congenital anomalies, riot necessarily fatal but severe and correctable, 
who had some degree of mental. retardation, and two healthy parents 
who have two other children, would you suggest this child should undergo 
transplantation? Ifso, do you think a living related donor is appropriate? 

Again, I think we have all heard a benchmark presentation that will 
be referred to for many years. 


Dr. G. MELVILLE WILLIAMS (Baltimore, Maryland): I rise to congra- 
tulate Dr. Najarian, and go back a little bit in history. 

(Slide) In 1968 we became interested in pediatric transplantation, and 
Dr. Hume was dumbfounded by how well children did. He went to great 
lengths to show that growth occurred normally. Hé followed every child 
personally, and was distraught when one child was lost to follow-up. 

One of his sad realizations was that congenital aplasia could lead to 
severe mental retardation. This child (Slide) had hypoplasia of the kidneys, 
and was nutured through a great deal of her early life with special diet. 
She bas had a great many problems in adult life. Therefore, I think the 
notion of transplantation in children early, before they become too de- 
pendent at the least and retarded at the most, is a very important con- 
tribution of this paper. 

(Slide) These are some results fromi that period of time, in 1968, before 
Dr. Najatian’s present series, and they are really not that bad if you 
consider that we did not know anything about things such as the cross- 
match, at that particular time. We had a 40% 3-year survival rate in 
recipients of kidneys from parents and also from unrelated living donors. 

(Slide) The national cadaver donor results were not quite as good. 

(Slide) This young gentleman was a transplant patient who told me 
he did. not need an operation; even though he was very interested in 
operations. He said he was so good at swallowing pills that if I could just 
give him a kidney to swallow it would save me the trouble of surgery. I 
told him that the University of Minnesota was working on that. 


PROFESSOR PETER J. Morris (Oxford, England): I too have enjoyed 
this thoroughly. It was, as usual, a magnificent presentation from the 
Minneapolis group. The mind boggles at those kidneys being put in 
children under | yéar of age and boggles even more at the thought of 
how Jolin gets his hand in there as well as the kidney. ` 

I would like to ask one question that I think John hinted at but did 
not really answer. With the current excellent i immunosuppression that 
they have availablé in Minneapolis, namely, triple and quadruple therapy, 
is thete still a place for using living related donation in these young 
children, or would he suggest that there might be a tendency to move 
more toward cadaver transplantation, at least in the first instance? 


DR. FRANCIS D. MOORE (Boston, Massachusetts): John’s work is al- 
ways wonderful and his presentations are inspiring. Just a quick question: 
In putting big adult kidneys into little children, has he seen some renin- 
angiotensin hypertension from hypoperfusion of an adult kidney, some- 
thing we saw many years ago and that worried us? I wonder if that is 
still a problem. 


DR. JOHN S. NAJARIAN (Closing discussion): I want to thank all the 
discussants for their kind comments and for the questions they have 
asked, 
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Dr. Turcotte has been involved in this field for some time, and the 
results he showed are excellent. He is one of the group that has looked 
at very young children, and they have done well. I think he had one 
child as young as 14 weeks of age who received a cadaveric kidney and 
did well, at least for a while. Our children under the age of | are now 
doing well with living-related kidneys. 

Jim Cerilli talked about recurrent disease. I might mention briefly that 
Oxalosis is one condition that almost invariably will recur. However, 
there are ways to prevent its recurrence, and we have detailed the treat- 
ment methods.” Four out of seven of our patients treated that way are 
doing well, two of them with their second transplant. | 

Hemolytic uremic syndrome also recurs about one third of the time, 
but the patients treated with antiplatelet agents seem to do well. 

Steroid-resistant nephrotic syndrome can be treated with multiple 
transplants. Although some diseases recur in transplant recipients, we 
have found that most of them can be controlled. 

The role of splenectomy, we hope, has now been put to rest with this 
series. For a long time we championed the use of splenectomy because 
every randomized study we reported showed that splenectomy improved 
our results. Dave Sutherland, who was inducted into this Association 
this year, reviewed our results and found that, in fact, we were not getting 
the kind of results we had thought in the longer follow-up studies. In 
fact, one of the problems associated with splenectomy, overwhelming 
sepsis, occurred in three of our children who had splenectomy. We felt 
that we could prevent this type of sepsis with the use of antibiotics and 
Pneumovax®, but what happened was related to poor compliance by the 
patients, and three of the children in this series died of this condition. 
Therefore, in 1984 we stopped doing routine splenectomies. 

Dr. Cerilli asked two questions: The first one was whether we have 
learned anything about aging. We get older as we do more of those very 
small children, that’s for sure. 

The older kidneys we put in have not been in long enough to answer 
your question. In the laboratory where you can successfully transplant 
a kidney graft between isologous rats, you can keep on transplanting 
them. The question is, will it become immortal? It doesn’t; in fact, the 
kidney lives as long as you might expect it would, 2 or 3 years, and then 
the kidney dies off. There is a biological clock that is ticking in every 
organ that we have, and it is pretty well measured. We cannot seem to 
extend it much beyond that. Thus, these older kidneys are not going to 
last longer; but at the current time, with our life expectancy statistics 
around 78 years, perhaps the older kidneys will live long enough. 
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Dr. Cerilli also asked about a 2-month-old child who had many con- 
genital anomalies and a willing mother and father donor. Would I do 
it? If they wanted it, I would transplant. If you explain the risk, and they 
want to save the child, whether it is a Down’s child or whatever, it is 
not a decision for you to make; it is a decision for the parents to make. 
We know that with a living-related transplant that child will do well. If 
the parents want it, I would do it. If they did not want it, I would of 
course not do it. 

Dr. Williams presented the earliest series Dave Hume and Mel gave 
to this Association, with excellent results, 40% survival of parent grafts, 
quite remarkable and a real bellwether series. | 

Dr. Morris, as far as current immunosupression is concerned, with 
triple therapy—cyclosporine, azathioprine, and prednisone—we do very 
well. In fact, we are not losing kidneys through rejection any more. These 
patients and their transplanted kidneys are doing extremely well. How- 
ever, there are two problems with very young children: One, thev need 
to be transplanted. You cannot put them on a waiting list. They do not 
tolerate dialysis well and their head does not grow, especially children 
under the age of 1, and they get microcephaly with central nervous system 
problems. Thus, in order to overcome these problems you have to have 
a transplant done at the proper time, and that is where the living-related 
donor comes in. Still, as we look at the long run, I think we will find, as 
we found before, that the living-related transplant will outdo the cadaveric 
transplant all the way around, and this will become apparent with time. 
Erosion occurs with the cadaveric transplant survivals, but we have rea- 
sonable stability with the living-related transplant. Certainly our long- 
term results of over 20 years would support this conclusion. 

Dr. Moore asked, what happens when you put a big kidney in a little 
child? The first thing that happens is that you really have got to fluid- 
load those children. You have to get their central venous pressure up 
around 20 cm H,O before you ever open the vascular clamps. If you 
open both legs and this big, huge kidney all at one time, you get a tre- 
mendous declamping problem, as you might imagine. Even after that 
there is hypoperfusion of that kidney. It excretes more renin, and the 
renin angiotensin system comes into play. For at least the first month 
or two, these children have a rather marked hypertension, which we 
must control with drugs. Slowly, the hypertension fades away as the 
kidney shrinks down and the blood supply to it becomes more and more 
adequate for the renal mass, with less hypoperfusion and eventual normal 
perfusion. It does occur, as you would have predicted, and we saw it in 
almost every child whom we transplanted. 

I thank the Association for the opportunity to present this paper. 
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A technique has been developed by the authors that allows he- 
patocyte attachment on collagen-coated microcarriers resulting 
in prolonged hepatocyte viability and function both in vivo and 
in vitro. Rat hepatocytes were obtained by portal vein collagenase 
perfusion. Intraperitoneally transplanted microcarrier-attached 
normal hepatocytes into congeneic Gunn rats were functioning 
3-4 weeks later, as shown by the presence and persistence of 
conjugated bilirubin in recipient bile, sustained decrease in serum 
bilirubin, uptake of Tc99m-DESIDA, and morphologic criteria. 
Intraperitoneal transplantation of normal microcarrier-attached 
hepatocytes into genetically albumin deficient rats (NAR) re- 
sulted in marked increase in plasma albumin levels (6 days with- 
out and 21 days with Cyclosporin A immunosuppression). Mi- 
crocarrier-attached hepatocytes transplanted after 2 weeks of 
storage at —80 C into congeneic Gunn rats were viable and func- 
tional as assessed by criteria outlined above. An extracorporeal 
liver perfusion system was developed using the microcarrier- 
attached hepatocytes that was capable of synthesizing and con- 
jugating bilirubin and synthesizing liver-specific proteins. 


LTHOUGH VARIOUS THERAPEUTIC MODALITIES 
have been described for treating severe liver in- 
sufficiency, with the exception of whole liver or- 

gan transplantation, none has proven to be clinically use- 
ful. Liver transplantation is not used widely because of 
the difficulty in obtaining cadaver donor organs, the tech- 
nical difficulty and need for sophisticated technology and 
support teams, and the high cost. Several investigators 
developed various techniques of hepatocyte transplanta- 
tion.’ However, up to now, none has shown unequiv- 
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ocally long-term survival and retention of specific hepa- 
tocyte functions of the donor cells. Were this to be ac- 
complished, it could serve as the basis for successful 
clinical application of hepatocyte transplantation. This 
would be important because it could allow living related 
donor use and use of a single donor for multiple recipients, 
and it would be simple and cost-effective, especially if 
hepatocytes could be stored for later use. We have devel- 
oped a technique that allows hepatocyte attachment on 
collagen-coated dextran microcarriers that results in pro- 
longed hepatocyte viability and function both in vivo and 
in vitro. We hypothesized that this technique can be used 
to prolong viability and function of transplanted cells, to 
construct an extracorporeal liver support system, and to 
develop a new method of storage of hepatocytes for long 
periods of time. A series of experiments were carried out 
to test our hypotheses. 


Materials and Methods 
Materials 


Cytodex 3 collagen-coated dextran microcarriers, peri- 
staltic pump, and tubing were purchased from Pharmacia 
(Pharmacia Inc., Piscataway, NJ). Collagenase (Type J), 
beta-glucuronidase, and all chemicals used for perfusion 
were purchased from Sigma (Sigma Chemical Co., St. 
Louis, MO). Tissue culture media were purchased from 
Grand Island Biological Company (Grand Island, NY) 
and Millipore filters were obtained from Nalgene (Nalge 
Co., Rochester, NY). 
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Rat Liver Perfusion with Collagenase 


Aseptic methods were used throughout all procedures. 
Hepatocytes were harvested using the portal vein colla- 
genase perfusion method of Berry and Friend,* as modified 
by Seglen.° Two perfusate solutions were prepared from 
Leffert’s buffer. A “pre-wash” consisted of Leffert’s buffer, 
pH-adjusted to 7.4 and filtered through a 20 um millipore 
filter. The ‘“‘after-wash” solution, which was used for cell 
washing, consisted of Leffert’s buffer, pH-adjusted to 7.4 
and | ml/100 mi 2.7% CaCl,—2H,0O. A 0.05% collagenase 
solution was prepared using Leffert’s buffer, pH 7.4 and 
i ml/100 ml 2.7% CaCl.-2H,O. This was filtered through 
a 45 um and then a 20 um Millipore filter. — 

The perfusion system consisted of a perfusate reservoir 
connected to a pump through an oxygen-permeable Si- 
lastic® tubing. The tubing was run through a water bath 
maintained at 37 C through which 100% O, was vigorously 
bubbled, using a gas bubbling tube. After running through 
the bath, the perfusate passed through a standard IVAC 
air trap and then into the animal. The total volume of 
the system was 50 ml. The system was sterilized by per- 
fusion with 70% ethanol and washing with sterile Leffert’s 
buffer prior to use. 

An adult rat weighing 300-325 g was anesthetized with 
pentobarbital (6.5 mg/100 g body weight, intraperitone- 
ally), the chest and abdominal hair was clipped, and the 
skin was cleansed with 70% ethanol. The abdomen was 
opened through a midline incision, and the portal vein 
was catheterized using a #18 angiocath (Deseret Medical 
Inc., Sandy, UT), which was secured with a 3-0 silk tie. 
The perfusion system, which had been primed with pre- 
wash, was then connected to the catheter and the pump 
set at a flow rate of 20 ml/min. The abdominal inferior 
vena cava was then ligated above the level of the renal 
veins. The chest was opened in the midline, and the tho- 
racic inferior vena cava was catheterized with a #16 an- 
giocath through the right atrium; the catheter was secured 
with a 3-0 silk tie. Tubing was connected to the thoracic 
catheter and the outflow was collected. Great care was 
taken throughout the procedure to avoid air embolization 
to the liver. The liver was perfused with pre-wash until 
the effluent became clear and the liver assumed a tan color. 
At that time the perfusate was changed to the collagenase 
solution, which was perfused through the system at the 
same rate until the liver begun to ooze profusely through 
its capsule and it visibly started to break up. The perfusate 
was then discontinued, and the liver was gently excised 
and transferred to a sterile plastic petri dish. 


Liver Cell Harvesting 


The perfused liver was cut into small fragments with 
iris scissors and raked in 10 ml of collagenase solution. 
At removal, the liver was soft and friable. About 15 min- 
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utes later, the tissue suspension was passed through a 
polypropylene mesh (Spectramesh, 75 u, Spectramesh 
Medical Industries Inc., Los Angeles, CA) with the aid of 
a rubber policeman. Throughout this process, ice-cold af- 
ter-wash was constantly added to the cell suspension. The 
total volume of the cell suspension was about 150 ml. 
This was then centrifuged at 500 g for 2 minutes and the 
cell pellet was resuspended in cold after-wash. The wash 
was repeated three times and the final pellet suspended 
in 60 ml of cold after-wash. 


Microcarrier Preparation and Cell Attachment 


Cytodex 3 microcarriers consist of a surface layer of 
type I collagen covalently bound to a matrix of cross- 
linked dextran. The amount of collagen bound to the mi- 
crocarrier matrix is approximately 60 ug/cm? and results 
in maximum cell yields.’ The collagen (MW 60,000- 
200,000) is derived from pig skin type I collagen that has 
been extracted and denatured by acid treatment, concen- 
trated and purified by an ion exchange step, and steam 
sterilized before being coupled to the microcarrier matrix. 
Cytodex 3 microcarriers (1.6 g) were hydrated in 125 ml 
of phosphate buffered saline (25 mM phosphate, without 
calcium and magnesium) and incubated for 90 minutes 
at 37 C. All glassware was siliconized (Sigmacote, Sigma 
Chemical Co., St. Louis, MO), air-dried, and washed to 
prevent adherence of the microcarriers. The phosphate 
buffered saline (PBS) was decanted and the microcarriers 
washed with 50 ml of Dulbeccos’ minimal essential me- 
dium (DMEM) and 10% fetal calf serum (FCS). The mi- 
crocarriers were then allowed to settle, and the total vol- 
ume was brought to 125 ml. The microcarrier suspension 
was then transferred to 175 cm tissue culture flasks and 
incubated at 37 C in a 5% CO, atmosphere for approxi- 
mately 60 minutes. 

The liver suspension was centrifuged gently at 500 g 
for 30 seconds, the supernatant discarded, the cell pellet 
suspended in a small volume of DMEM and 10% FCS, 
and inoculated into the microcarrier culture flasks. The 
microcarriers and cells were allowed to stay in the incu- 
bator for at least 2'2 hours before use in any of the ex- 
periments. At the end of the incubation period, the mi- 
crocarrier-attached cells were washed with PBS and re- 
suspended in DMEM (1 X 10’ cells in 5-7 ml) for 
intraperitoneal transplantation. 

Determination of viability of microcarrier-attached cells. 
Five ml of the microcarrier/cell suspension was washed 
twice with PBS. A collagenase solution was prepared by 
adding 2.5 mg of type I collagenase to 25 ml of Leffert’s 
buffer and 0.25 ml of 2.7% CaCl,-2H.O. The washed 
microcarrier/cells were added to the enzyme solution at 
37 C and shaken gently for five minutes. The suspension 
was then filtered through a 75 u mesh and the filtrate 
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centrifuged at 400 g for 1 minute. The supernatant was 
discarded and the pellet consisting of liver cells was re- 
suspended in cold PBS for trypan blue exclusion testing.® 


~ Hepatocyte Transplantation 


Male Wistar rats and male Sprague-Dawley rats 
weighing 200-350 g were purchased from Charles River 
Breeding Laboratories (Wilmington, MA). Syngeneic 
Wistar (RHA) rats and cogeneic Gunn rats, which have 
identical genetic make-up with the Wistar (RHA) rats, 
except for the bilirubin UDPglucuronosyltransferase lo- 
cus, were developed by Dr. Carl Hansen of the National 
Institutes of Health (Bethesda, MD) and maintained as 
congeneic strains by inbreeding and backcrossing at the 
Albert Einstein College of Medicine (Bronx, NY). Nagase 
analbuminemic rats (NAR), which are mutants of 
Sprague-Dawley rats, were described and propagated by 
Dr. S. Nagase (Sasaki Institute, Tokyo, Japan) and were 
housed individually in No. 2 mesh stainless-steel cages at 
constant temperature (24-26 C) and relative humidity 
(40%). The cages were kept in an inside room with 12 
hour day/night cycle. The animals were acclimatized to 
our laboratory conditions for 1 week prior to use in the 
experiments. All rats were maintained on standard lab- 
oratory rodent chow (#5001, Ralston Purina, St. Louis, 
MO) and tap water ad libitum. All animals were moni- 
tored closely, weighed periodically, and their food and 
water intakes were recorded. 

Experimental design. In all transplantation experi- 
ments, | X 10’ microcarrier-attached cells were injected 
intraperitoneally into recipient rats. Three series of ex- 
periments were carried out: (1) Hepatocyte transplantation 
into Gunn rats. The Gunn rat’ is unable to conjugate 
bilirubin because of a lack of the enzyme UDPglucuron- 
osyltransferase for bilirubin, and it thus has nonhemolytic 
unconjugated hyperbilirubinemia. (2) Hepatocyte trans- 
plantation into analbuminemic (NAR) rats, which have 
genetically deficient albumin synthesis resulting in the 
presence of only trace levels of plasma/albumin. (3) Mor- 
phologic, light microscopic, and scanning electron mi- 
croscopic examination of transplanted hepatocytes. 

Gunn rats. Hepatocytes were harvested from normal 
Wistar rats, attached to microcarriers, and injected intra- 
peritoneally into allogeneic Gunn rats (N = 20) or con- 
geneic Gunn rats (N = 18; these are genetically identical 
to the Wistar donors except for lack of the bilirubin 
UDPglucuronosyltransferase locus). In another experi- 
ment, hepatocytes were harvested from Gunn rat donors, 
attached to microcarriers, and injected into syngeneic 
Gunn rat recipients (N = 5). 

In the Gunn rat recipients, normal donor hepatocyte 
function was assessed by anesthetizing the rats with ether 
at various time intervals following transplantation, ex- 
posing and cannulating the bile duct with fine polyeth- 
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ylene tubing (PE-10, Clay Adams, Sandy, UT), which was 
then brought to the skin surface through a separate wound. 
The animals were kept in restraining cages, and, starting 
| hour after return to consciousness, bile was collected 
for 4-5 hours in light-protected tubes kept on ice. 

Bile pigments were analyzed as derivatized tetrapyrroles 
by high pressure liquid chromatography,'° using authentic 
biosynthesized standards; bilirubin mono-glucuronide and 
di-glucuronide were identified as previously described.'° 
Di- and mono-conjugated bilirubin was also indepen- 
dently determined by thin layer chromatography after al- 
kaline methanolysis of conjugated pigaments.'! In addi- 
tion, bile pigments were analyzed by thin layer chroma- 
tography after conversion to azodipyrroles by reaction 
with diazotized ethylanthranilate'* with or without treat- 
ment with beta-glucuronidase.'* 

In another experiment, serum bilirubin levels of trans- 
planted allogeneic Gunn rats (N = 6) and congeneic Gunn 
rats (N = 6) were determined? at various time intervals 
following transplantation with normal microcarrier-at- 
tached hepatocytes. Serum bilirubin levels at various time 
intervals following transplantation were also measured in 
Gunn rats (N = 5) injected with microcarrier-attached 
Gunn rat hepatocytes. 

In selected allogeneic Gunn rat recipients (N = 6), 
function of the transplanted microcarrier-attached normal 
hepatocytes was demonstrated by radionuclide (Tc99m- 
DISIDA) scanning! 4 days after hepatocyte transplan- 
tation. The radionuclide was administered intravenously 
(500 uCi in 100 ul), and uptake was measured for 30 
minutes. 

Nagase analbuminemic rats (NAR). In analbuminemic 
rats (N = 20), function of the transplanted normal mi- 
crocarrier-attached hepatocytes was determined by 
NaDodSO,/10% polyacrylamide gel electrophoresis!’ of 
plasma; pure rat albumin was used as reference. Plasma 
albumin was quantitated by an enzyme linked immu- 
nosorbent assay!® using specific antiserum.'’ Plasma al- 
bumin was determined at various time intervals following 
transplantation. To prolong transplanted hepatocyte sur- 
vival and function, several recipient rats (N = 12) were 
treated with Cyclosporin A (Sandimmune oral solution, 
Sandoz Inc., East Hanover, NJ) 25 mg/kg body weight 
administered intragastrically, daily for 5 days following 
transplantation. Plasma albumin was determined as 
above. 

Morphologic studies. Rats transplanted intraperito- 
neally with microcarrier-attached cells were killed with 
ether at various time intervals following transplantation, 
the peritoneal cavity was examined, and the cell/micro- 
carrier aggregate was excised and submitted for histologic 
examination. For light microscopic examination, tissue 
was fixed in 10% buffered formalin and stained with Har- 
ris’ hematoxylin.'® Tissue was fixed in Karnovsky’s!® fix- 
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Fic. 1. Schematic representation of the extracorporeal liver assist system 
(Superfusion Column). The system could be connected for a single pass 
through the column and collection of fractions (A) or continuous re- 
perfusion through the column (B). Proximal and distal three-way stop- 
cocks allowed inflow and outflow sampling. 


ative and processed for scanning electron microscopic ex- 
amination as previously described. '® 


Extracorporeal Liver Support System (Superfusion Column) 


The column superfusion system was assembled by 
placing a standard siliconized (I.D. 2.5 cm, 10 mi volume) 
chromatography column (Biorad, Rockville Center, NY) 
in an incubator at 37 C. The perfusion medium was in- 
jected into the polyethylene tubing, which ran through a 
peristaltic pump and was then connected to 30 cm of 
oxygen-permeable Silastic tubing placed in a water bath 
at 37 C, vigorously bubbled with 100% O,. From the bath, 
the perfusion medium tubing was run through a flow 
adapter to the column. The eluent from the column was 
collected into tubes in a fraction collector. The system 1s 
shown diagrammatically in Figure 1. Microcarrier-at- 
tached hepatocytes were loaded on the column (1.6 X 10° 
viable cells in a 10 ml volume of Leffert’s buffer with 10% 
FCS). The flow rate was set at | ml/min. Leffert’s buffer 
and 10% FCS were run through the system for 10 minutes 
for equilibration. Serial pH measurements of the effluent 
from the column were carried out, and the pH was main- 
tained above 7.2. Materials to be tested were injected into 
the system through a port proximal to the column. Cell 
viability was determined at the beginning and the end of 
the perfusion by trypan blue exclusion.? 

Bilirubin conjugation. This was determined by two 
techniques: (1) Unconjugated bilirubin was dissolved in 
0.05 N NaOH and added to Leffert’s buffer containing 
10% FCS at 150 umol. Solutions containing bilirubin were 
protected from light and stored at —80 C. The column 
was arranged for continuous reperfusion (Fig. 1), and the 
effuent was recirculated for 90 minutes before starting 
fraction collection. Effluent fractions were assayed for bil- 
irubin conjugates by thin layer chromatography after 
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conversion to azodipyrroles by reaction with diazotized 
ethylanthranilate,'* both with and without prior treatment 
with beta-glucuronidase or NaOH.” Eluent bile pig- 
ments were also analyzed as underivatized tetraphyrroles 
by reverse-phase high pressure liquid chromatography. ° 

(2) PH]Bilirubin with a specific activity of 30 uCi/umol 
was isolated and purified from rat bile’? after injection of 
delta-[2,3-°H]aminolevulinic acid (7mCi/mmol, Schwarz/ 
Mann, Orangeburg, NY). The column was prepared and 
loaded as above but arranged for direct collection without 
reperfusion (Fig. 1). Five hundred nmol of [ H]bilirubin 
(15 Ci) was dissolved in 0.05 N NaOH and diluted in 3 
ml of Leffert’s buffer with 10% FCS, loaded on the column, 
and fractions were collected. After | hour, the perfusate 
was changed to 0.05% collagenase, and fractions were col- 
lected for 45 minutes. Di- and mono-methylesters of bil- 
irubin were separated by thin layer chromatography after 
alkaline methanolysis'! of conjugated bilirubin eluent 
pigments. Silica gel strips from the appropriate bands were — 
scraped, pigments extracted in methanol, and the radio- 
activity determined in a Packard scintillation counter 
(United Technologies Packard, Sterling, VA) for 10 min- 
utes. 

Bilirubin synthesis. Delta-[2,3--H]aminolevulinic acid 
(15 umol, 400 wCi) was loaded onto a column prepared 
and run as described above, and the eluent was concen- 
trated by affinity chromatography on an albumin-—agarose 
column and eluted with methanol.”? The microcarrier- 
attached hepatocytes were removed from the column and 
the cells released from the microcarriers by treatment with 
collagenase. Subsequently, the hepatocytes were detergent- 
solubilized, centrifuged, and the supernatant analyzed.” 
Di- and mono-methylesters of bilirubin were separated 
by thin layer chromatography after alkaline methanolysis. 
The silica was extracted in methanol and counted as 
above. 


Protein Synthesis 


One mCi of P S]methionine (1.8 nmol, New England 
Nuclear, Boston, MA) was loaded onto a column prepared 
and run as described above (with the exception of using 
methionine-free media). After a 15-minute pulse followed 
by perfusion with “cold?” methionine, the microcarrier- 
attached hepatocytes were removed and the hepatocytes 
released by collagenase treatment. The hepatocytes were 
detergent-solubilized, and proteins in the lysate were an- 
alyzed by NaDodSO,/10% polyacrylamide gel electro- 
phoresis, immune absorption,'® and autoradiography 
using {'4C]-labeled proteins as standards. '® 


Hepatocyte Storage 


Storage medium. The storage medium contains 5% 
dimethy! sulfoxide (DMSO) (v/v) and 10% (v/v) heat- — 
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inactivated FCS in DMEM. The pH was adjusted 
to 7.2-7.4. 
Cells were attached to microcarriers as described above. 


É The microcarriers/cells were then rinsed in cold (4 C) 


storage medium containing one half the final concentra- 
tion of DMSO, the cryoprotectant used in this series of 
experiments. After 5 minutes, the supernatant was re- 


moved by gentle centrifugation and replaced by cold stor- ` 


age medium containing the final concentration of cryo- 
protectant. After another 4 minutes, the supernatant was 
removed, and the microcarriers were suspended in storage 
medium at a concentration of 5-10 X 10° cells/ml. One 
mi aliquots of cells attached to the microcarriers were 
then transferred to chilled sterile ampules that were cooled 
‘to —80 C at —1 C/min. This rate of cooling was achieved 
by using a 5-cm-thick expanded polystyrene box. 
Recovery of frozen cells was achieved by rapidly thaw- 
ing the ampules in a 37 C water bath and transferring the 


«+ contents to a centrifuge tube. The cells and microcarriers 


were washed once in five volumes of medium and allowed 
to sediment, and the supernatant was discarded. The cells 
were then resuspended into fresh medium containing 10% 
FCS and were ready for use. Microcarrier-attached hbe- 
patocytes (1.5 X 10’) were injected intraperitoneally into 
allogeneic (N = 7) and congeneic (N = 8) Gunn rats. 
Transplanted normal microcarrier-attached hepatocyte 
function was assessed by assaying for bilirubin conjugates 
in the recipient rat bile by thin layer chromatography as 
described above. !? 


Results 


Hepatocyte Transplantation 


Gunn rats. No conjugated bilirubin was detected in the 
bile of control Gunn rats transplanted with microcarriers 
alone or microcarrier-attached hepatocytes from Gunn 


ge rat donors. When donor microcarrier-atiached hepato- 


cytes from normal outbred Wistar rats were transplanted 
into allogeneic Gunn rats, conjugated bilirubin (both 
mono- and di-glucuronides) was detected in the bile of 
the recipient rats up to 6 days following transplantation 
(Fig. 2); the greatest concentration of conjugated bilirubin 
was observed 2-4 days after transplantation (Fig. 2). To 
prolong transplanted hepatocyte survival and function, 
hepatocytes were harvested from normal congeneic Wistar 
(RHA) rat donors, which are genetically identical with 
the recipient Gunn rats except that the Wistar (RHA) rats 
have the bilirubin UDPgluronosyltransferase locus and 
are thus able to conjugate bilirubin. When microcarrier- 
attached hepatocytes from such donors were transplanted 
into Gunn rat recipients, conjugated bilirubin was de- 
tected in the bile for up to 21 days after transplantation 
(Fig. 2), the last day of the study. In congeneic recipient 


_> Gunn rats, 30-40% of the total bilirubin secreted in the 
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Fic. 2. Bilirubin conjugates in the bile of allogeneic (A, N = 5) and 
congeneic (B, N = 5) Gunn rats tranplanted with normal microcarrier- 
attached rat hepatocytes. Bilirubin mono-conjugates (@) and di-conjugates 
(m) were quantitated by thin layer chromatography after conversion to 
mono- and di-methylesters by alkaline methanolysis. Each time point 
represents an individual animal. Results of a typical experiment are 
shown. 


bile was conjugated; both mono- and di-glucuronide bil- 
irubin conjugates were detected (Fig. 2). On treatment 
with diazotized ethylanthranilate, both unconjugated and 
glucuronidated azodipyrroles were produced; no glucu- 
ronidated azodipyrrole was detected after beta-glucuron- 
idase hydrolysis, indicating that the conjugates were nor- 
mal 1-0-acylglucuronides of bilirubin. Figure 3 shows a 
typical high pressure liquid chromatograph of the bile of 
an allogeneic Gunn rat recipient 4 days following trans- 
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Fic. 3. Reverse phase high pressure liquid chromatograhy of bile obtained 
from an allogeneic Gunn rat four days following transplantaticn with 
normal microcarrier-attached hepatocytes. BDG: di-conjugated bilirubin, 
BMG: bilirubin mono-conjugates, UCB: unconjugated bilirubin. 
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Fic. 4. Serum bilirubin levels following intraperitoneal normal Wistar 
(RHA) microcarrier-attached hepatocyte transplantation into Gunn rats, 
Data from six Gunn rats transplanted with allogeneic hepatocytes (A, 
mean + S.E.M.) and six Gunn rats transplanted with congener hepa- 
tocytes (B, mean + S.E.M.) are shown. 


plantation with normal microcarrier-attached hepato- 
cytes. There was a marked reduction in serum bilirubin 
levels in Gunn rats transplanted with microcarrier-at- 
tached normal hepatocytes; the reduction was more sus- 
tained in congeneic Gunn rat recipients (Fig, 4). There 
was an early increase in recipient serum bilirubin levels 
(Fig. 4), which may be due in part to breakdown of some 
of the transplanted hepatocytes. When Gunn rat micro- 
carrier-attached hepatocytes or microcarriers alone were 
injected into Gunn rat recipients, there was no reduction 
of serum bilirubin levels. 

In selected allogeneic Gunn rat recipients, function of 
transplanted normal hepatocytes was demonstrated by 
radionuclide (Tc99m-DISIDA) scanning 4 days following 
transplantation. There was early (4 minutes) diffuse up- 






Fics. 5A and B. Radionuclide (Tc99m-DESIDA) uptake by the liver of 
a Gunn rat and by intraperitoneally transplanted normal microcarrier- 
attached hepatocytes four days after transplantation (4). B shows uptake 
in a nontransplanted Gunn rat. Uptake in both animals was measured 
4 minutes following intravenous administration of the radionuclide. 
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Fic. 6. Plasma albumin levels in analbuminemic (NAR) rats transplanted 
with microcarrier-attached allogeneic normal hepatocytes. Results of a 
representative experiment are presented. A = Cyclosporin A-treated re- 
cipients (N = 5, mean + S.E.M.); B = untreated recipients (N = 5, mean 
ESEM) 


take of the radioisotope by the microcarrier-attached cells 
(Fig. 5). 

Nagase analbuminemic rats (NAR). When microcar- 
rier-attached hepatocytes from normal allogeneic rats were 
transplanted into analbuminemic rats, there was a pro- 
gressive increase in plasma albumin concentration from 
0.05 g/dl to a peak of 1.0 g/dl 6 days after transplantation; 
this was followed by a gradual decline in plasma albumin 
concentration (Fig. 6). Following recipient immuno- 
suppression with Cyclosporin A, there was a more sus- 
tained increase in plasma albumin concentration (Fig. 6) 
with a peak level at 6 days (1.3 g/dl), which was maintained 
close to that level for up to 30 days (last day of the study). 

Morphologic studies. 

Gross findings. When the abdominal cavity was ex- 
plored at various times following intraperitoneal admin- 
istration of microcarrier-attached hepatocytes, most of the 
cells and microcarriers formed an aggregate over the an- 
terior surface of the pancreas. The aggregate (Fig. 7) was 
surrounded by adherent loops of bowel. The reaction 
around the aggregate was intense in the early posttran- 
splantation period (3-4 days), but by the tenth day (in 
syngeneic rats) the inflammatory reaction had subsided 
with minimal adhesions remaining around the aggregate. 
By day 20, there was only minimal reaction around the 
hepatocyte/microcarrier aggregate. In allogeneic trans- 
planted rats, the early appearance (3-4 days) was indis- 
tinguishable from that of the syngeneic rats. In the allo- 
geneic group, however, by | week after transplantation 
the tissue aggregate had disappeared almost completely. 
There was no evidence of infection (peritonitis or abscess), 
hemorrhage, or intestinal obstruction in any of the animals 
examined. 

Light microscopy. Light microscopic examination of 
the microcarrier-attached hepatocytes retrieved from the 
peritoneal cavity 1 week following intraperitoneal trans- 
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FIG. 7. Gross appearance of the peritoneal cavity of a Gunn rat 4 days 
following intraperitoneal transplantation with | X 10’ allogeneic micro- 
carrier-attached normal hepatocytes. The recipient animal liver appears 
normal. There are several aggregates of tissue grossly resembling “liver” 
scattered throughout the peritoneal cavity (1). 


plantation into syngeneic rats revealed evidence of epi- 
thelial cells attached to the microcarriers and surrounded 
by fibroblasts and connective tissue; there was evidence 
of neovascularization in the interstices between the mi- 
crocarriers (Fig. 8). 

Scanning electron microscopy. Scanning electron mi- 
crographs demonstrated epithelial cells attached to a col- 
_lagen-coated microcarrier surface; the fine granular surface 
on the microcarriers represents type I collagen, which is 
covalently-linked to dextran, whereas the coarse fibers 
present elsewhere represent newly synthesized collagen 
(Fig. 9). 


Extracorporeal Liver Support Systems (Superfusion Column) 


Bilirubin conjugation. Thin layer chromatography of 
azodipyrroles from the column eluent demonstrated two 
bands, one migrating with authentic biosynthesized stan- 
dards of conjugated azodipyrroles, the other migrating 
with control unconjugated azodipyrrole. The band cor- 
responding to conjugated azodipyrrole disappeared after 
incubation with beta-glucuronidase or NaOH, indicating 
that the conjugates are ester 1-0 acylglucuronides. High 
pressure liquid chromatography of underivatized column 
eluent demonstrated two peaks (Fig. 10), the first at 14 
minutes corresponding to bilirubin diglucuronide and the 
“second at 27 minutes corresponding to unconjugated bil- 
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irubin. There was a cluster of smaller peaks at 17-18 min- 
utes, which most likely correspond to breakdown procucts 
of bilirubin monoglucuronides. The percentage of total 
bilirubin appearing as di-glucuronides as determined by 
the ratios of the areas under the peaks was 17%. 
Eighty-three per cent of the [H]bilirubin added to the 
column was recovered in the eluent, and 21% (87 nmol) 
of this appeared as bilirubin mono- or di-glucuronide after 
a single pass through the column. Ninety-one per cent of 
the total conjugates was removed in the first 16 minutes 
(Fig. 11). Twenty-four per cent of the total conjugates 
appeared as di-conjugate and 76% as mono-conjugate. 
The proportion of total conjugates appearing as mono- 





Fic. 8. Light microscopy photograph of section of microcarrier-attached 
liver cells 4 days after intraperitoneal transplantation. Both hepatocytes 
and connective tissue cells are seen: H = hepatocyte, M = miucrocarrier, 
C = collagen coating on microcarrier surface. A blood vessel is seen 
below the hepatocyte and close to the microcarnier surface. Magnified 
x40. 
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FIG. 9. Scanning electron micrograph of microcarrier-attached liver cells 
5 days after intraperitoneal transplantation. The microcarriers are covered 
by a sheath of cells, fibrin, and collagen. There are cells and connective 
tissue filling the spaces among the aggregated microcarriers. Magnified 3 





conjugates in the early fractions was 85% and decreased 
in later fractions, and the ratio of di-/mono-conjugates 
eventually was reversed (Fig. 11). 

Bilirubin synthesis. Following 40 minutes of column 
perfusion, 1% (150 nmol) of the total radioactivity added 
to the column appeared as bilirubin esters in the column 
eluent and another 0.8% appeared as bilirubin esters in 
the lysed cell supernatant. 
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Fic. 11. Bilirubin conjugation by superfusion column. Total counts per 
minute of unconjugated bilirubin from 0.2 ml aliquots of 4 ml fractions. 
Relative proportions of bilirubin mono- and di-glucuronide are indicated 
for each fraction. Bilirubin was loaded onto the column at time 0 and 
allowed to diffuse into the microcarrier-attached hepatocytes, and fraction 
collections were started 4 minutes later. 


Protein Synthesis 


436nm 


Following | hour of column perfusion, autoradiography 
and immune absorption of the electrophoretically sepa- 
rated cell lysate supernatant demonstrated incorporation 
of the radioisotope into albumin, UDPglucuronosy!l- 
transferase, and other proteins (Fig. 12). 


O.D., 


Hepatocyte Storage 


Cryopreserved microcarrier-attached normal Wistar 





23 (RHA) rat hepatocytes, stored for two weeks at —80 C, 

showed 55-60% viability and were transplanted intraper- 

0 10 20 30 itoneally into four congeneic Gunn rats (1.5 X 10’ cells/ 
TIME (min) rat). All rats had both mono- and di-glucuronide bilirubin 


l r conjugates in their bile 10 days posttransplantation (dem- 
FiG. 10. Reverse-phase high pressure liquid chromatography of super- fated Bua lay bromai h jth at 
fusion column eluent. 1 = di-conjugated bilirubin, 2 and 3 = bilirubin onstrated by thin layer chromatography with appropriate . 
mono-conjugates, 4 = unconjugated bilirubin. standards), the last day of study. M 








Vol. 204 «No. 3 


Discussion 


The prognosis of acute liver insufficiency in humans is 
poor despite current attempts to provide metabolic sup- 
port and/or detoxify the plasma to support the patient 
until liver regeneration can take place. Whole organ liver 
transplantation is the only method that has proved to be 
clinically useful in providing both acute and chronic he- 
patic metabolic support.”! This procedure, however, is 
limited by the relative lack of donors, requirement for 
sophisticated technology and well-trained specialized 
support teams, technical difficulty, and high cost. Hepa- 
tocyte transplantation, if functionally successful, would 
be an attractive alternative. Transplantation of hepato- 
cytes,” injection of various hepatocyte extracts,?273 and 
hepatocyte culture supernatants? have been reported to 
be effective in prolonging survival of rats with 
D(+)galactosamine-induced liver injury’ and animals with 
acute liver ischemia.** In addition, hepatocyte transplan- 
tation has been used to transiently correct specific met- 
abolic defects, i.e., the unconjugated hyperbilirubinemia 
due to lack of UDPglucuronosyltransferase activity for 
bilirubin in the Gunn rat on a short-term basis.*>*° 

Experimental hepatocyte transplantation, in spite of 
early enthusiasm, has not proven to be an effective method 
of metabolic support in acute severe liver insufficiency or 
an adequate long-term replacement therapy in animals 
with specific metabolic defects.” Most investigators have 
used animal survival in the D(+)galactosamine model of 
acute liver injury as proof of viability and function of 
transplanted hepatocytes.'*?? However, various cell ex- 
tracts and tissue culture supernatants have been shown 
to be equally effective or in some instances more effective 
than intact hepatocytes in prolonging animal survival in 
this model.” The degree of liver injury varies according 
to the rat strain, age, dosage, and route of D(+)- 
galactosamine administration,” and the liver capacity to 
regenerate in response to exogenous factors derived from 
transplanted cells and extracts.7°:? 

Similar problems are encountered when using ischemic 
models of experimental liver injury*’*': that is, it is dif- 
ficult to determine whether improved survival is due to 
intact functioning transplanted hepatocytes or to admin- 
istration of hepatotrophic factors that aecelerate liver re- 
generation and recovery and thus result in improved an- 
imal survival. Most studies reporting long-term success 
of hepatocyte transplantation have used histologic and 
morphologic criteria of viability alone as evidence for the 
persistence of hepatocyte function.*** In a few studies, 
attempts to demonstrate persistent hepatocyte function 
were made; hepatocyte transplants were used to treat spe- 
cific hepatocyte enzyme deficiencies. In these, the exper- 
imental model most commonly used was the Gunn rat. 


-4 Several investigators showed transient decreases in serum 
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FIG. 12. Protein synthesis by superfusion column. Autoradiagraph of 
microcarrier-attached hepatocytes removed from the column, released 
from the microcarriers by collagenase, and immunoabsorbed following 
electrophoretic separation. S = molecular weight standards, T = hepa- 
tocyte lysate; A = rat albumin; GT = rat bilirubin UDPglucuronosyl- 
transferase. The figure shows that there was synthesis of albumin and 
bilirubin UDPglucuronosyltransferase by the hepatocytes on the column. 


bilirubin levels in the Gunn rat following intraportal nor- 
mal hepatocyte transplantation.?°° This was attributed 
to the presence of functional normal hepatocytes that have 
the ability to conjugate bilirubin. However, similar re- 
ductions in serum bilirubin were observed following sple- 
nectomy or intraportal injection of splenocytes. which 
suggests that the decreased serum bilirubin level was due 
to decreased red blood cell destruction.** Definitive proof 
of donor hepatocyte function in the Gunn rat requires 
identification of conjugated bilirubin in the host bile. This 
has been shown very recently? with short-term success; 
conjugated bilirubin was absent in the bile beyond the 
sixth day after allotransplantation.*> Allogeneic hepatocyte 
transplantation has been used by most investigators and, 
as expected, is not successful in the long run.” Allograft 
rejection is delayed in immunosuppression, but experi- 
ments in which immunosuppression was carried cut have 
utilized the acute injury models described above or mea- 
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surements of serum bilirubin in Gunn rats without at- 
tempting to identify bilirubin conjugates.” Syngeneic an- 
imals have been used to eliminate rejection in the acute 
liver injury models (D(+)galactosamine, ischemia) with 
the same limitations in assessing the presence of intact 
functioning hepatocytes as already outlined." 

Type I collagen gels from rat tail tendon have been 
reported to prolong survival of hepatocytes in vitro.*’** 
We hypothesized that collagen-coated microcarniers would 
improve hepatocyte survival in vivo by providing a phys- 
iologic matrix for cell attachment. In addition, clusters of 
hepatocytes attached to microcarriers may protect cells 
from host macrophages and phagocytic cells and also im- 
prove perfusion and promote neovascularization. In ad- 
dition, use of the microcarriers would allow intraperito- 
neal injection of the cells, which is a simple technique 
and eliminates laparotomy and intrasplenic or intraportal 
administration of cells. In the experiments described in 
this paper, we were able to overcome most of the limi- 
tations of hepatocyte transplantation outlined above by: 
(1) Using Gunn rat recipients and congeneic normal do- 
nors that are genetically identical to the Gunn rats except 
for the presence of the bilirubin UDPglucuron- 
osyltransferase locus. This eliminated the major obstacle 
of rejection and allowed study of long-term function of 
transplanted normal hepatocytes into Gunn rats. (2) As- 
saying for bilirubin conjugates in the bile of recipient 
Gunn rats by thin layer chromatography and high pressure 
liquid chromatography and quantitating the levels of 
mono- and di-glucuronide conjugates of bilirubin in the 
recipient rat bile following alkaline methanolysis in ad- 
dition to measuring serum bilirubin levels. This is a direct 
measurement of transplanted hepatocyte function. (3) 
Using specific hepatocyte markers, i.e., Tc99m-DISIDA 
uptake by the transplanted cells. (4) Using another animal 
model, the analbuminemic rat, which is unable to syn- 
thesize albumin, and following normal hepatocyte trans- 
plantation, to assess donor hepatocyte function by mea- 
suring and quantitating plasma albumin levels. In addi- 
tion, Cyclosporin A was used in these experiments to 
prolong survival of allogeneic transplanted microcarrier- 
attached normal hepatocytes. We were able to demon- 
strate long-term survival and function of transplanted he- 
patocytes attached to collagen-coated microcarniers by 
showing presence of conjugated bilirubin in the bile of 
recipient Gunn rats, sustained decrease in serum bilirubin 
in Gunn rats, uptake of Tc99m-DISIDA by transplanted 
hepatocytes, and elevation of plasma albumin levels fol- 
lowing transplantation in analbuminemic rats and by us- 
ing morphologic criteria. In experiments reported else- 
where, we have shown evidence of viable differentiated 
hepatocytes by utilizing immunocytochemical and elec- 
tron microscopic techniques as long as 8 weeks following 
intraperitoneal normal hepatocyte transplantation into 
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syngeneic rats. Using collagen-coated microcarrier-at- 
tached hepatocytes, we have thus developed a new simple 
method of intraperitoneal hepatocyte transplantation that 
allows long-term survival and function of transplanted 
cells. 

There would be a major advantage for a clinically suc- 
cessful hepatocyte transplantation method if cells could 
be stored at low temperatures and be available for use at 
short notice. We carried out a limited experiment in which 
we were able successfully to transplant normal cryopres- 
erved hepatocytes (—80 C, 2 weeks of storage) into Gunn 
rats as evidenced by the presence of conjugated bilirubin 
in the recipient rat bile. The large surface area/volume 
ratio of the microcarriers is advantageous for transporting 
and storing cells. Large numbers of cells (up to approxi- 
mately 1 X 107 cells/ml) can be stored while still attached 
to the microcarrier matrix. The advantage of storing cells 
attached to a matrix (culture surface) rather than as a 
suspension is that cells are stored in a monolayer form, 
and, in addition, loss of cells associated with harvesting 
is avoided.'® After thawing, the cells are already attached 
and ready to use. Availability of genetically defined he- 
patocytes for immediate use at short notice would be a 
major step forward in patient care. 

Investigators have attempted to support metabolically 
humans or animals with acute liver insufficiency by uti- 
lizing various cross-circulation experiments,’ extracor- 
poreal assist devices,*! hemoperfusion,*’ use of resins as 
adsorbents,*? and chromatographic and other tech- 
niques.**~** None of these techniques is currently used 
widely clinically. An objective of this study was to utilize 
the microcarrier-attached hepatocytes in the development 
of an extracorporeal liver assist device. Other investiga- 
tors*’ have used normal hepatocytes maintained for short 
periods of time on capillary tube membranes and perfused 
with blood from Gunn rats and were able to demonstrate 
the presence of bilirubin conjugates in the Gunn rat bile 
when such rats were attached to the perfusion system. A 
centrifuge was used by Eiseman and his associates** as a 
perfusion chamber for hepatocyte suspensions with 
maintenance of hepatic metabolic functions for up to 6 
hours. We hypothesized that attachment of hepatocytes 
to a collagen matrix would allow optimal differentiation 
and expression of specific hepatocyte functional charac- 
teristics. We developed a “superfusion column” that al- 
lowed study of in vitro hepatocyte functions and could 
serve as a model for developing an extracorporeal liver 
assist device. Using this system, we were able to demon- 
strate that the microcarrier-attached hepatocytes on the 
column could synthesize bilirubin at rates similar to those 
found in vivo, conjugate bilirubin, and synthesize liver- 
specific proteins (albumin and bilirubin UDPglucuron- 
osyltransferase). As a potential system for artificial liver 
support, our system offers several advantages over other 
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devices used in the past. The use of microcarrier-attached 
hepatocytes takes advantage of the entire metabolically 
intact cell to perform multiple specific liver functions. 


os», The system is not limited to specific excretory functions 


or enzymatic degradation. In addition, the system is sim- 
pler than whole liver perfusion. Further studies are in 
progress to determine its utility in various experimental 
animal models of severe liver insufficiency. 

In conclusion, we have developed a technique that al- 
lows attachment of hepatocytes to collagen-coated micro- 
carriers. Using this technique, we were able to develop a 
new method of successful intraperitoneal transplantation 
in the rat resulting in long-term hepatocyte viability and 
function, a new method of hepatocyte storage, and an 
extracorporeal liver superfusion column. 
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DISCUSSION 


Dr. WILLIAM V. MCDERMOTT, JR. (Boston, Massachusetts): I had 
the opportunity to read the manuscript that formed the basis for this 
excellent report you have just heard and that provided a summation of 
this long period of excellent and quite prodigious labors over a period 
of time. I will not comment on the hepatocyte microcarrier system: I 
will leave that to those who are expert in this field or who have a direct 
interest in this problem, perhaps through similar problems encountered 
by those investigators working with islet cell transplants. The objective 
of this report was to develop an extracorporeal support system that 
worked, and of course this has been an objective of many of us over 
many years. 

(Slide) Some of the historical background, which I won’t go into in 
detail, shows that in many instances it goes back to Claude Bernard’s 
canine perfusion system and then carries through from the 19th century 
over the subsequent decades. You can see here that Ben Eiseman, as in 
so many instances connected with liver problems, was one of the pioneers 
in this system. As he developed this and began to use it in humans, he 
was of immense support and help to us in our work, and we collaborated 
and exchanged information over a period of time. Ben not only pursued 
this with the porcine and canine liver but also with hepatocytes. 

(Slide) I would like to talk briefly about the extracorporeal support 
system that we utilized for a period of time. This is a description of the 
pig liver and its attachment in man and the various technological mech- 
anisms in the clinical project. 

(Slide) These are the first five patients whom we selected to be supported 
by this device. They all had a similar clinical situation, of deep, unre- 
sponsive coma and anuria or extreme oliguria, a combination which at 
that time was invariably lethal. This is the type of intermittent perfusion 
that we were using at that time. 

(Slide) Without going into more than superficial details of this system 
and its clinical utilization, you can see here the effect on the bilirubin 
level of serial perfusion over several weeks in a patient. 

(Slide) Some of the interesting things, some of which are still puzzling, 
show the protein characterization in the patient’s sera, which I think 
demonstrates the presence of both porcine analbumin and alpha-! and 
-2 globulins. The ascites is really the lymphatic flow from the extracor- 
poreal liver. The bile made during the perfusion by the porcine liver 
shows the presence of human albumin, and again the globulins with 
human serum components. 

One of the intriguing things was the antibody determinations that in 
all patients were negative by the relatively primitive techniques available 
at that time. 

(Slide) In a brief summation of this, the pig liver produced bile con- 
taining human proteins and lymph containing both human and pig pro- 
teins and resulted in circulating pig albumin and alpha-2 globulin in the 
patients, 

(Slide) Immunologically, although perfused and preterminal, these 
patients did have 7S gamma globulin prior to the perfusions and, we 
thought, had potential antibody formation capacity, but they showed no 
demonstrable antibody response despite serial testing over many weeks. 
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I have no real explanation for this except perhaps a massive antigen 
overload. 

I will conclude by saying that we gave this up for an obvious reason. 
Even though it was dramatically successful repeatedly and intermittently 
in restoring both renal function and responsiveness, none of the patients 
survived, and, at post mortem, microscopic studies all showed complete 
absence of hepatocytes and no evidence of regeneration. So, clearly, uti- 
lizing these terminal patients, we have felt that this type of support had 
no long-term clinical application. 


DR. BEN EISEMAN (Denver, Colorado): Only those of us who have 
worked in the still unsolved area of artificial liver support can appreciate 
the significance of the advance made by this work. 

One of the major problems that we found in our many trials illustrated 
by these slides (Slide) was to keep the liver cells suspension bound within 
the chamber. Dr. Levenson and co-workers have clearly shown this can 
be done by attaching the cells to a carrier, 

I believe the autologous cells from a patient with liver failure will be 
of little help: they are too badly damaged. This will mean that the cells 
will either have a very short active life or immunosuppressives will have 
to be used in the clinical setting involving transplants. 

I am delighted that this problem, which so long occupied our efforts, 
is yielding to the imaginative efforts of Stan Levenson and his colleagues. 


Dr. David E. R. SUTHERLAND (Minneapolis, Minnesota): Dr. Lev- 
enson was kind enough to send me the paper, and I would like to discuss 
it and ask some questions that were raised in the presentation. 

At the Transplantation Laboratories at the University of Minnesota, 
we have had a longstanding interest in hepatocyte transplantation. Ten 
years ago, Art Matas, who was with our group then, did some experiments 
in Gunn rats in which he transplanted hepatocytes, and he was able to 
effect a lowering of bilirubin that was not sustained. That was before Dr. 
Carl Hanson at NIH had developed the inbred strains of RAJ rats that 
Dr. Demetriou used to avoid the rejection problem and effect a 21-day 
reduction in bilirubin. 

Dr. Marco Cavallini in our laboratory did auxiliary liver transplants 
in RAJ rats. He also did pancreas, heart, and kidney transplants, and he 
was able to show that even a kidney transplant would lower the bilirubin 
because there is glucouronyl-transferase in the kidney. However, ulti- 
mately even in liver transplant recipients the bilirubin increased, and it 
was thought that with the lack of portal perfusion these livers atrophied. 
I wonder if in these hepatocyte transplants this might be a problem if 
you carried out your experiments for longer than 21 days. 

You did demonstrate that the hepatocytes actually function. One 
problem with hepatocyte transplant experiments that have been done 
in the past has been the use of a liver failure model. In liver failure 
models survival of the animals can be increased just by giving liver cell 
culture supernatants or other manipulations, and it appears that it may 
not be the hepatocytes that sustain the animal but some factors that a 
accelerate liver regeneration. | 
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One thing that was nof clear to me was what your results were without 
using the microcarrier. You presented excellent results using the micro- 
carrier, but I really wonder if you proved that it does improve the results. 
What would happen if you just gave the hepatocytes transplanted intra- 
peritoneally? I also was not certain to what degree you corrected the 


° jaundice. The bilirubin levels fell to nearly 1 mi per deciliter, but you 


did not show what the level is for normal rats. Also the concentration 
of conjugated bilirubin in the bile increased after transplantation, but 
you did not give the figures for what the usual normal concentration 
would be, which might be an indication of how nearly normal you made 
your animals, 

This was an excellent paper with very interesting results. 


Dr. ACHILLES A. DEMETRIOU (Closing discussion): I would like to 
thank the discussants for their kind remarks. Drs. McDermott, Eiseman, 
and Sutherland have carried out pioneering work in the surgical treatment 
of liver disease, development of extracorporeal liver support systems, 
and hepatocyte transplantation. We have developed an extracorporeal 
liver “superfusion” system that successfully carried out protein synthesis, 
bilirubin synthesis and bilirubin conjugation. We believe that the mi- 
crocarnier collagen matrix is crucial in maintaining hepatocyte viability, 
function, and differentiation. We do not think that preventing cell wash- 
out from the column by the attachment to the microcarriers is the only 
factor responsible for the demonstration of hepatocyte function by this 
“superfusion” system. As a potential method for artificial liver support, 
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our system offers several advantages over systems used previously by 
other investigators. It allows use of the whole metabolically intact liver 
cell, it is simple, and it allows use of cryopreserved microcarrier-attached 
hepatocytes. 

In our hepatocyte transplantation experiments we had direct evidence 
of function of the transplanted microcarrier-attached normal hepatocytes 
by demonstrating presence of bilirubin conjugates in the bile of Gunn 
rats that lack the ability to conjugate bilirubin and by showing increased 
plasma albumin levels in analbuminemic rats that have only trace levels 
of plasma albumin because of a genetic defect in albumin synthesis. The 
decrease in serum bilirubin seen in the Gunn rats cannot be explained 
only by excretion of bilirubin conjugates in the bile because the amounts 
found were small. However, it is possible that there is increased excretion 
of conjugated bilirubin in the urine. We are now carrying out studies in 
an attempt to determine the levels of bilirubin in the urine and other 
body fluids. This method has not been successful in prolonging survival 
in rats with D(+)galactosamine-induced acute liver injury; however, we 
have been able to improve survival in rats with acute liver insufficiency 
due to 90% partial hepatectomy. We only transplant | X 10” cells intra- 
peritoneally, which represents approximately 1% of the liver mass in the 
rat. We are now carrying out studies to determine whether the trans- 
planted microcarrier-attached hepatocytes proliferate in the host following 
transplantation intraperitoneally. 

I would like to thank the Association for the privilege of allowing us 
to present our work. 
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Mortality at the Adult Burn Center of the Massachusetts General 
Hospital (MGH) has declined from 24% in 1974 to an average 
of 7% for 1979-1984. From 1974 to 1976, prompt eschar excision 
and immediate wound closure therapy was initiated and stan- 
dardized. After 1976, this therapy was the standard treatment. 
Detailed statistical analysis is necessary to determine the influ- 
ence of this treatment on the improved survival. Therefore, lo- 
gistical regression analysis was used to examine the influence of 
variables such as burn size, age, and treatment on mortality for 
1103 patients during 1974-1984. Survival rates during the 
treatment development phase (1974-1977) were compared to 
the survival rates of the last 5 years of standardized excisional 
treatment (1979-1984). Survival rates for the standardized ex- 
cisional treatment were also compared to the results of previously 
published studies from this hospital that were probit analyses 
of burn mortality for 1939-1955 and 1955-1970. This latter 
comparison provided 45 years’ experience with burn mortality 
at a single institution. Results of the statistical analysis of the 
survival data from 1974 to 1984 indicate that mortality strongly 
depends on burn size, age, and treatment (p < 0.001 for each 
independent variable). In addition, length of stay (LOS) for the 
total group decreased significantly from 32 to 22 days. The im- 
proved survival for 1974-1984 occurred independently of changes 
in the annual distributions of burn size, age, or sex. Comparison 
of survival rates shows improved survival during standardized 
excisional treatment when compared to the treatment develop- 
ment phase. The most extensive increases in survival during 
1974-1984 were seen in the treatment of elderly patients and 
patients with massive burn injuries. Survival for the period 1974- 
1984 was markedly improved as compared to the 1939-1970 
published experiences. 
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HIS STUDY WAS CARRIED OUT to assess the effect 
of the major changes in the treatment of burn 
injury that have taken place over the past 9.5 


From the Surgical and Trauma Services and the Biostatistics 
Center cf the Massachusetts General Hospital, and the 
Departments of Surgery and Medicine, Harvard 

Medical School, Boston, Massachusetts 


years. We have used mortality as an end point for com- 
parison because it has been shown that prediction of mor- 
tality from a cutaneous thermal injury can be made from 
consideration of the percentage of the patient’s body sur- 
face area burned,! the patient’s age,' and treatment. Stud- 
ies agree that mortality increases with the size of burn 
and that, for a given size, the prognosis worsens with ad- 
vancing years after early adulthood.” * There are reports 
of a worse prognosis in children,**’ but this finding was 
not confirmed in other series.2-!! 

To determine whether patient survival is significantly 
improving and to compare data within and between series 
over time and between institutions, mortality data have 
been analyzed using both probit analysis'~*!2-'? and logit 
analysis, *! 14161 Both logit and probit analyses are closely 
related and yield similar results. These two forms of anal- 
ysis differ in the probability functions used to estimate 
the probability of survival. Both logit and probit analysis 
postulate an S-shaped relationship between the indepen- 
dent variables and mortality. There are slight differences 
in the tails of the S-shaped curves.'> Traditionally, probit 
analysis has been used for univariate (one independent 
variable) models and logit analysis has been used for mul- 
tivariate (multiple independent variable) models. Only 
recently has it become possible to use multivariate analysis 


with probit.!? 


Zhe 


In this study we have used stepwise logistical regression 
(logit analysis) to examine mortality data over the past 
9.5 years (1974-1984) at the Burn Center of the MGH. 
The beginning date of this study was chosen because it 
coincides with the beginning of our development of the 
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use of prompt eschar excision and immediate wound clo- 


sure in the adult. The 9.5-year period is further divided 
into a period of treatment development (1974-1977) and 
a period of standardized excisional treatment (1979-1984) 
representing the results of experience using the developed 
method. From 1974 to 1984, the surgical staff caring for 
these patients remained the same. 

It is the intent of this study to determine the following: 
(1) if ‘there have been significant changes in mortality 
within the period of study (1974-1984) and (2) if there 
have been significant changes in mortality, are these 
changes caused by variations in age, by variations in the 
extent of injury (%BSA’ burned), or by the changes in 
treatment instituted during the period of study. Finally, 
we will compare these recent results to those already pub- 
lished for the MGH for the periods 1939-1955 and 1955- 
1970 to provide an overview of the mortality of burned 
patients over a 45-year period at one treatment center.” 34 


Methods 


Retrospectively, the records of 1103 consecutive ad- 
missions to the MGH Burn Center from July 1974 to 
January 1984 were examined. The age of the patient, the 
extent of the burn (summation of second and third degree 
burns, %BSA), the type of burn, the anatomic location of 
the burn, and the sex of the patient were tabulated. The 
date of burn, dates of admission and discharge (providing 
length of stay, LOS), and date of death were also tabulated. 
Patients were not included i in the present study for three 
reasons: (1) the patient died on the day of admission with- 
out treatment (14 patients), (2) permission for treatment 
was withheld (1 patient), or (3) the sole injury was a re- 
spiratory tract injury without surface’ burn (3 patients). 
All patients included in the study were admitted within 
14 days of the burn injury. 

To determine whether there had been changes in the 
patient population over time, the age and burn size of the 
patients in the treatment development period (1974-1977 ) 
were compared to that of the subsequent period (1979~ 
1984) using a one-way analysis of variance (ANOVA). 
Stepwise logistical regression was used to analyze the in- 
fluence of the following independent variables on survival: 
(1) the extent of the burn (%BSA), (2) age, (3) sex, and 
(4) the calendar year in which the patient was burned 
(year). Changes in mortality not accounted for by changes 
in the independent variables age and: %BSA are ascribed 
to changes in the effectiveness of treatment. The model 
assumes that'the odds of mortality are given by: 


° B.X.) (Equation 1), 


with X;, X2, «+ > and X, independent variables. The A 
and B,, B2, - +> and B, are coefficients associated with 
the independent variables. To find the optimum fit of the 


Exp(A +B;X + B)X+ 
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model for the data, the independent variables were mod- 
ifed by subtracting the average for that variable, and the 
variables were also allowed to be second order. Nonsig- 
nificant terms were not included in the final model. The 
statistical significance of these independent variables was 
tested using a likelihood ratio test. This test determines 
whether a specified variable, for example, year of treat- 
ment, significantly affects survival, correcting for the other 
variables. The maximum likelihood computation pro- 
cedure was used as written in the program BMDPLR’® 
to select the best subset of independent variables and the 
associated coefficients i in Equation 1. 

The survival data were modeled with logit analysis both 
as one group of all the recent years (1974-1984) and as 
two separate groups including the first 3-year period of 
treatment development (1974-1977) and the last 5-year 
period of standardized excisional treatment (1979-1984). 
For illustration purposes, burn sizes were organized into 
four groups: small {<15 %BSA), medium (15-49 BSA), 
large (50-69 % BSA), and massive (>70 %BSA). Logistical 
regression analysis models were done for two age groups: 
13—40 years and over 50 years. | 


Results 


There was a total of 1103 patients in the study. Of these, 
985 patients (89%) survived. There were 795 male patients 
(72%) and 308 female patients (28%). Frequency distri- 
bution of age is shown in Figure 1. The age decile with 
the largest group of patients was in the 20-29 years group. 
Of the 1103 patients, 40% were 10-29 years, 30% were 
30-49 years, and 30% were over 50 years of age. The 
mean age was 40 years (range: 13-93). Only four of the 
1103 patients (0.4%) were under the age of 15 years. Figure 
2 shows the distribution of burn sizes. The most frequent 
burn size was less than 10%. Eleven per cent of the burns 
were either large or massive burns (>50 %BSA). The mean 
%BSA was 20 (range: 1-100). The mean LOS was 24 days 
(range: 1 —221) for the entire group. The median LOS was 
17 days. 

The initial observation was that the overall mortality 
in these adult patients had decreased over the 9.5 years 
of this study beginning in 1974 (Fig. 3). The ordinate is 
the number of patients who died each year divided by the 
number of admissions that year. The overal] mortality 
decreased over the first 3 years (1974-1977) from 24 to 
14% and has averaged T% for the past 5 years (1979- 
1984). 

Fhe main purpose of this report is to determine 1f the 
changes in treatment instituted between 1974 and 1977 
were at least partly responsible for the improved mortality 
occurring with time. If either %BSA or age decreased sig- 
nificantly over the 9.5 years of the study, then this would 
partially explain the improvement in survival. The average 


27 4 TOMPKINS AND OTHERS Ann. Surg. « September 1986 


30 less than 5 to over 60% (Fig. 5). Similarly, age has a marked 
effect on mortality with a large increase from 12% (117/ 

TOTAL NUMBER 1103 1002) for those under 70 years of age to 44% (44/101) for 
MEAN AGE, YEARS 40 those over 70 years of age. Since the average age of patients 
MEDIAN AGE,YEARS 35 with different burn extents was the same, differences in 
mortality due to age are not the effect of ainerences in 
mortality due to burn size. Table 1 shows mortality by 
both age and burn size. The table shows a pattern of in- 
creasing mortality as age increases for each burn size and 
as burn size increases for each age. 

Since burn size decreased each year, it is necessary to 
determine whether the yearly decrease in mortality was 
in excess of what would be expected because of the yearly 
decrease in burn size. To make this determination, a lo- 
gistic model was fit with linear and quadratic functions 
of year, age, burn size, and sex. Nonsignificant terms were 
dropped from the model. The model predicted the log of 
the odds of death to be: 


25 


20 


FREQUENCY 
O 


40 


Log odds of mortality = —7.37 + 0.0503 (AGE) 
-0.154 (YEAR) + 0.108 (%BSA) 
— 6.61 X 10°4(%BSA — WBSAF + 1.04 xX 1073 
(AGE — AGE) (Equation 2), 





“43- 20- 30- 40- 50- 60- 70- 80- 290 
19 29 39 49 59 69 79 89 


AGE, yeors a6 TOTAL NUMBER 4103 


MEAN, % BSA 20 
MEDIAN ,% BSA 10 


Fic. 1. Distribution of ages. Frequency distribution plot for ages for the 
1103 patients is not normally distributed by Kalmogorov—Smirov sta- 
tistics, p < 0.05. 


40 


age and variation of the mean (SEM) for each year is 
shown in Figure 4. The average %BSA decreased over the 


9.5 years of the study (Fig. 4). The average %BSA declined S 30 
from 32 to 16%. ANOVA identified a significant decrease 
in the %BSA, p < 0.05. When the total population was x 
divided into the four groups by burn size as described in we 
methods, there was a significant increase in the fraction a 20 


of admissions in the small burn size category (1-14 %BSA) 

and a decreasing fraction of admissions in the medium 

burn size group (15-49 %BSA). There was no change in 

the percentage of the large and massive burns. The de- i0 

crease in average %BSA could partially explain the decline 

in overall mortality. There were no significant changes in 

the ages of the patients admitted over the 9.5 years of the woe 

‘ i . = deerme 

study. This was shown by ANOVA, in which ages were O 6. 10. 20. 30-40. 5060 70, G0 non 

categorized by years, p > 0.05. Age did not cause the 9 49 29 39 49 59 69 79 89 

changes seen in mortality. EXTENT OF BURN, % BSA 
Both age and burn size had a marked effect on mor- oer ties 

tali h es Sande AED See Fic. 2. Distribution of burn sizes (% BSA). Frequency distribution plot 

ality, as shown 1n Figures an AS ss SIZE increases for %BSA of the total 1103 patients is not normally distributed by Kal- 

from 10 to 80 %BSA, mortality gradually increases from mogorov—Smirov statistics, p < 0.05. 
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FIG. 3. Overall mortality versus year. The ordinate is the number of 
patients who died in a given year divided by the total number of ad- 
missions for the same year. The year 1974 represents data from July 
through December. Overall mortality markedly declined over the 9.5 
years of the study from 24% to an average of 7% from 1979 to 1984. 
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Fic. 4. Average age and burn size versus year. The abscissa is year for 
both variables. The ordinate is both age in years ard %BSA in per cent. 


The mean and SEM are plotted. The average age does not change over 
the 9.5 years. The average %BSA decreases from 32 to 16%. 
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Fic. 5. Mortality versus burn size. There is a gradual increase in mortality 
with increasing %BSA. 


where %BSA and AGE were the averages of age and %BSA 
for all patients. All the coefficients were statistically sig- 
nificant. The coefficient of year was significant at the p 
< 0.001 level. This coefficient measures the effect of year 
when age and burn size are held constant. There were no 
interactions identified between age, %BSA, and year when 
these potential interactions were included in the logit 
analysis. 

To explore further the model in order to determine 
which patients have improved during the 95-year period, 
survival rates for various burn sizes and ages are shown 
in Figure 7. First, the small burn sizes (15 %BSA), survival 
versus year profiles are flat over the 9.5 years of the study 
for ages 20-60 years. The survival rates for the 80-year- 
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Fic. 6. Mortality versus age. There is a nonlinear relationship between 
age and mortality. Mortality increases gradually with age up to 69 years. 
At the age of 70, mortality markedly increases with age. 
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TABLE 1. Mortality by Age and Burn Size* 
% Burn size 
{~14 {5-49 50-69 70-100 

Age % Patients % Patients % Patients Fo Patients Total patients 
13-19 3 (66) 0 (41) 29 (14) 86 (7) 128 
20-29 0 (192) 4 (85) 17 (18) 13 (15) 310 
30-39 0 (110) 2 (48) 8 (12) 40 (20) 190 
4Q--49 0 (89) 8 (52) 42 (12) RO (10) 163 
50-59 0 (70) 13 (40) 50 (10) 67 (6) 126 
60-69 0 (49) 22 (27) 33 (3) 100 (6) 85 
70-79 16 (25) 48 (27) 100 {5) 100 (5) 62 
80-89 0 (16) 82 (11) 100 (2) 100 (1) 30 
90-93 0 (4) 100 (4) 100 (1) (0) 9 
Total patients (621) (335) ETT) (70) 1103 


* % mortality (number of patients). 


old patient with a 15 %BSA burn size show improvement 
over the 9.5 years of the study. Since 97% (601/621) of 
the patients with small burns were under the age of 80, it 
would be difficult to show statistically significant im- 
provement in survival with time in the total group of small 
burns (15 %BSA). On the other hand, in the case of the 
massive burn (70 %BSA), improvement in survival has 
occurred in the 20-, 40-, and 60-year old patients. In the 
medium burn size (30 %BSA) and large burn size (50 
%BSA), the likelihood of survival has particularly in- 
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Fic. 7. Improvement in survival over time for selected ages and burn 
sizes. For the small burn (15 %BSA), the survival has remained unchanged 
over the 9.5 years of the study for the 20-, 40-, and 60-year-old patients, 
as seen in the upper left panel. However, for this same burn size and 
time period, the 80-year-old patient has had continuous improvement 
in survival. For the massive burn (70 %BSA), survival has improved in 
the 20-, 40-, and 60-vear-old patients, whereas the 80-year-old patient 
has not improved, as seen in the lower panel on the right. For the in- 
termediate burn sizes, improvement in survival has occurred in all ages. 


creased in the middle age patients (40-60 years of age), 
as seen in Figure 7. 

To examine the temporal relationship of mortality with 
%BSA, age, and type of treatment (year in which treatment 
was delivered), the data were also combined into two dis- 
crete time intervals as noted above: a treatment devel- 
opment period (1974-1977) and a standardized excisional 
treatment period (1979~1984). The descriptive statistics 
of mean and median age, %BSA, and LOS are compared 
in Table 2. The data were combined into 270 patients in 
an early group of treatment development and 619 patients 
in a present group of standardized excisional treatment. 
The mean age of both groups was the same, p > 0.05, but 
the %BSA and LOS differed, with the %BSA and LOS in 
the present group being significantly less than the %BSA 
and LOS in the early group, p < 0.05, using ANOVA. 

To further quantify the improvement in mortality when 
comparing the treatment development period to the pe- 
riod of standardized excisional treatment, the survival data 
for the two separate periods were modeled separately. The 
log odds of mortality for the treatment development pe- 
riod (1974-1977) were: 


Log odds of mortality = —7.62 + 0.0797 (AGE) 
+ 0.0675 (%BSA) (Equation 3). 


The log odds of mortality for the standardized excisional 
treatment period (1979—1984) were: 


Log odds of mortality = —7.78 + 0.064 (AGE) 
+ 0.0669 (%BSA) (Equation 4). 


All the coefficients were statistically significant at the p 


< 0.001 level. The predicted mortality by logit analysis 
for the burn sizes shown (15, 30, 50, and 70 %BSA) are 
demonstrated in Figure 8 for both the standardized ex- 
cisional treatment group (1979-1984) and the treatment 
development group (1974-1977). All curves for the latter 
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TABLE 2. Comparison of Descriptive Statistics of the Treatment 
Development Period (1974-1977) to the Standardized 
Treatment Period (1979-1984) 


Standardized 
Treatment 
(1979-1984) 


Treatment 
Development 
(1974-1977) 


Number 270 619 
Mean age (years)* 41 39 
Median age (years)* 40 34 
Mean %BSA (per cent)T 27 17 
Median %BSA (per cent)}t 18 8 
Mean LOS (days)t 27 23 
Median LOS (days)t 20 15 

* p > 0.05. 

+p < 0.05. 


treatment group were shifted to the right, with the greatest 
shift in the middle age groups. For example, during the 
first 3 years of the study, a 50-year-old with a 50 %BSA 
burn would be expected to have a 56% probability of sur- 
vival. That same patient in the present 5 years (1979- 
1984) would be expected to have a 76% probability of 
survival. Treatment appeared to have a marked effect in 
improving mortality not explained by changes in the ex- 
tent of body surface burn or changes in age. 

To determine if the mortality of patients in various age 
groups was improved by the changes in treatment over 
the period of study, the total patient population was bro- 
ken into young patients (less than 40 years, 628 patients) 
and older patients (over 50 years, 300 patients). Using the 
logit model, the older age groups had a significant change 
in survival over the years. For the younger patients, the 
survival rates were a function of burn size alone. Neither 
age nor the calendar year in which the burn occurred was 
found to have an influence on survival. For the older pa- 
tients, survival was a function of the three variables: age, 
%BSA, and year. The coefficient for the year term was 
significant (p < 0.001) and identified an improvement of 
survival over time for patients over the age of 50 years 
when age and burn size are controlled. 

Comparison between theory and actual clinical data 
was excellent, as shown in Figure 9. The filled symbols 
identify data and the smooth solid lines are the results of 
the logit model. The plot shows survival versus age for 
various %BSA. The filled circles show survival versus age 
for 1-19 %BSA. The smooth curve A is the result of the 
above model if YEAR = 5.5, AGE = 39.7, %BSA = 19.8, 
and %BSA = 10, as in Equation 2 where AGE is the av- 
erage age and %BSA is the average %BSA of all 1103 
patients. YEAR represents the average year for all 1103 
patients if, for example, 1974 corresponds to 1, 1975 to 
2,. . . and 1983 to 10, The remainder of the data and 
curves are derived with the same parameters except for 
curve B, %BSA = 30, curve C, %BSA = 50, and curve D, 
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Fic. 8. Logistical regression curves of survival versus age for various 
burn size groups for the periods 1974-1977 and 1979-1984. The ordinate 
is survival and the abscissa is age. The continuous curves represent survival 
curves from the 1979 to 1984 mortality data modeled with logit for the 
indicated BSA. The dotted curves represent survival curves from 1974 
to 1977 mortality data modeled with logit for the indicated %BSA. The 
smooth curves are shifted upward and to the right, indicating a greater 
likelihood of survival for a given age and %BSA in 1979- 1984 compared 
to the previous period of 1974-1977. Shifting to the right indicates that, 
for a given %BSA, an older patient in 1979-1984 has the same likelihood 
of survival that a younger patient had in the 1974-1977 period. 


%BSA = 80. As demonstrated by this plot, we believe that 
the logit model fully describes the mortality data. 

Sex was shown not to be a discrete independent variable 
determining mortality. This indicates that a female patient 
with a given burn injury was just as likely to survive the 
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FIG. 9. Logit curves of survival versus age for selected burn sizes. The 
ordinate is survival and abscissa is age. %BSA is the parameter for the 
various contour curves. The smooth contour curves are the results of 
the logit function (Equation 2) with YEAR = 5.5, AGE = 39.7, %BSA 
= 19,8, and %BSA as labeled on the figure. The solid data points represent 
patient survival data taken for the indicated age deciles and plotted at 
the midpoint. For example, the data for the decile 10-19 years is plotted 
at 14.5 years. The survival for each decile is the accumulated experience 
for the indicated burn sizes in the symbol table. Therefore, each filled 
symbol has uncertainty associated with both the x and y directions, which 
is not shown. 
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injury as a male patient of the same age and %BSA and 
receiving the same treatment. 

The average LOS decreased over the 9.5 years from 32 
to 22 days. This decline in hospital days was significant 
by ANOVA analysis for the total group of 986 survivors 
as well as for the survivors of the small (1-14 %BSA) and 
medium (15-49 %BSA) burns, p < 0.05 for each. The 
LOS for the survivors of the large and massive burns (>49 
%BSA) did not change significantly over the 9.5 years, p 
> 0.05. 


Discussion 


Mortality has markedly declined in the Burn Center at 
the MGH for the 9.5-year period from 1974 to 1984. In 
1974-1978, the mortality decreased from 24 to 11%. Since 
1979, the mortality has averaged 7%. There are three pos- 
sible explanations for this: (1) younger patients were being 
referred with an increasing frequency, (2) smaller burn 
sizes were being referred with increasing frequency, or (3) 
the treatment of the burn patient was improving. All are 
recognized major determinants of survival of burn inju- 
ries. Age and %BSA are easily examined cuantitatively. 
To determine if the changes in treatment instituted were 
responsible for the improved mortality, these two major 
variables had to be controlled in order to examine trends 
in mortality that were independent of changes in age and 
% BSA. Such trends indicate improvement in burn treat- 
ment. Logistical analysis showed that when age and %BSA 
were controlled, there was a significant increase in survival 
related to the changes in treatment instituted. 

In the past, the effectiveness of burn treatment has often 
been assessed by comparing the mortality of different 
treatment methods between times or places by using uni- 
variate probit analysis, which does not adequately control 
for the effects of changes in age or extent of burn. This 
type of comparison may be very misleading, since treat- 
ment is not the only independent variable affecting mor- 
tality. Patient age and the extent of injury (%BSA burned) 
have been demonstrated to be major independent vari- 
ables affecting mortality and they must be considered also. 
It is therefore not possible to describe accurately the re- 
lationships between burn injury and mortality without at 
least considering the interactions between patient age, ex- 
tent of SBSA burned, and treatment method. This prob- 
lem is demonstrated when the mortality data published 
from the Burn Center for the present study and the studies 
from 1939 to 1955 and from 1955 to 1970 are compared. 

The overall mortality of 11% for the 9.5-year period in 
this study is similar to the 11% for 1939-1955 and 15% 
for 1955-1970 reported for this unit by Barnes. However, 
the patient population in the two early studies markedly 
differ from the population of the present study. The av- 
erage age for the burned patient population at the MGH 
increased markedly when the Shriners Burns Institute 
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(SBD) began full operation in 1970. Since that time, almost 
all patients below the age of 15 years previously treated 
at the MGH were treated at SBI. Twenty-eight per cent 
(217 patients) of the patients in Barnes’s series were under 
the age of 15 years, while 0.4% of the patients in the present 
study were under the age of 15 years. This has skewed the 
overall mortality downward in the two older studies since 
the overall mortality for children under the age of 15 has 
been shown to be less than that for an adult given the 
same %BSA.*"'! The prospective trial of primary excision 
conducted at the SBI during 1969-1974 demonstrates this 
point. Fifteen of 200 children in this prospective trial died 
of their burn injury, an overall mortality of 8%.” Further, 
it is not possible to compare these descriptive statistics, 
such as overall mortality, to other centers unless age and 
burn size are accurately controlled. In fact, comparisons 
of overall mortality even when average age and average 
%BSA are considered are useful only to estimate gross 
differences in survival between or within centers. To show 
accurately which patients are benefiting from changes in 
treatment methods and how much they are improving, 
it is necessary to control both age and burn size. 

In this study, the average burn size decreased over the 
9.5 years. This was the result of increasing numbers of 
small burns and fewer medium sized burns. The recent 
MGH burn size distribution is similar to other major burn 
centers with recently published data.''!* All show a pre- 
ponderance of small burns in the 0-19 %BSA range. 

The age did not change over the 9.5 years of the study. 
Because the Burn Center of MGH admits almost no chil- 
dren, it has an average patient age of 40 years, which is 
higher than those of other series published. A recent review 
comparing results of major burn units for 1968-1976 
listed average ages for those institutions.'” 

Survival was not affected by the sex of the patient. 
Women survived a given burn injury as well as men. This 
confirms the results of other series.>*7"!?"'4 

Survival changed over the 9.5 years of the study, par- 
ticularly in an older age group (over 50 years), when age 
and %BSA were controlled. This indicates improvement 
due to treatment changes. As was shown in Figure 6, age 
has a strong effect on mortality. Mortality gradually in- 
creased with age up to 69 years of age and markedly in- 
creased with age above 70 years (Fig. 6). Although we 
were unable to show the exact age in which this strong 
effect begins to influence mortality significantly, we do 
strongly believe that pushing this age further toward 70 
or 80 years is an excellent measure of improvement in 
our burn care. It is also this older age group (above 50 
years of age) that showed consistent improvement in sur- 
vival for all burn sizes (Fig. 7). We believe that this reflects 
the more aggressive treatment approach centered around 
prompt eschar excision and immediate wound closure 
that is undertaken even in older patients. This improve- 
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ment in survival may as well reflect a general improvement 
in the management of consequences of the physiology of 
aging. 

The improvement in survival in all age groups in the 
Burn Center since 1939 is shown when survival is plotted 
versus the independent variables, age and %BSA. Figure 
10 shows survival for the MGH Burn Center for 1939- 
1970 and 1979-1984. There are four plots of survival ver- 
sus age. Each plot represents a different %BSA burned. 
The solid lines are the 1979-1984 survival versus age in 
years data, and dashed lines are the same data over the 
period 1939-1970. The dashed lines were reconstructed 
graphically from publishsed data points by Barnes’ and 
the data points connected freehand. Connecting data 
points freehand is reasonable because of the continuity 
assumption of the probit function. The survival rates 
for both the MGH studies of 1939-1955 and 1955-1970 
are considered to be the same because the data for the 


' 1955-1970 MGH burn unit study has LAsg data, which 


are statistically indistinguishable from the MGH 1939- 
1955 data.* Because there is variation beyond the practical 
degree of reliance in the method of analysis, mortality 
rates were not constructed beyond the 70% contour for 
the MGH 1939-1955 data. For this reason, there is only 
a single point representing survival following an 80 WPBSA 
burn during the period 1939-1970 at the MGH. 

Though improvement in survival is best displayed when 
plotted versus age and %BSA, improvement is suggested 
when simple points on the survival plots were compared 
to similar points in other series using age and %BSA as 
indices. Table 3 was taken from a recent report by Cur- 
reri.'! The present MGH data based on age and BSA 
taken at specific points show a small improvement in sur- 
vival in the 20 %BSA burn size but a strong effect on 
survival in the large ®BSA and in patients in the older 
age groups. ; 

In this study, both the statistical and the descriptive 
data strongly indicate that the improvements in mortality 
seen over the period of observation are substantially due 
to improvements in patient treatment. Without a con- 
trolled study, it is impossible to single out any single treat- 
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FIG. 10. Comparison of survival curves for the periods 1939-1970 to 
the present series of 1979-1984 for various burn sizes. The four panels 
A to D each represent different SBSA. The smooth curves are the same 
as from Figure 8. The discontinuous curves are taken from Barnes? as 
data points and connected freehand assuming continuity for the probit 
function. In Panel D, the uncertainty associated with the small sizes for 
massive burns was so large that only a single point has been plotted. 


ment factor that is responsible for the improved survival 
nor can one be sure that some unobserved characteristic 
of the patient population has not changed. However, our 
strong belief is that the aggressive, prompt excision of 
burn eschar even in the older patients and the immediate 
physiologic closure of the wound with grafts are the major 
forces in that improvement. Since the clinical practice of 
prompt excision and immediate wound closure requires 
careful attention to meticulous management of the pa- 
tient’s physiologic, metabolic, and immunologic status, 
we will be unable to separate the influences on survival 
that result from excisional treatment methods from those 
influences that result from overall improved patient man- 
agement. The exact contribution of immunosuppression 
with azathioprine” or antithymocyte globulin (ATG)? 
with allografting and the more recent use of artificial skin? 
influence survival only in the massive injuries and do not 
account for the bulk of this improvement. 

Finally, we believe that statistically determined survival 


TABLE 3. Survival Statistics in Categories by Age and Burn Size 


MGH MGH Curreri!! Feller?! Bull’ 

Burn Size Age (1974-1977): (1979-1984) (1979) (1976) (1971) 
20 20 98 99 95 95 95 
40 97 99 95 95 90 
60 89 95 80 65 80 
40 20 90 96 85 85 80 
40 83 93 80 70 70 
60 55 75 40 18 30 
60 20 70 86 60 50 50 
40 56 76 50 30 30 
60 23 44 7 0 0 
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rates are the most precise and succinct method of de- 
fining results and of comparing the results of different 
methods of treatment for burns in our experience. 
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DISCUSSION 


Dr. JOHN H. Davis (Burlington, Vermont): I enjoyed this paper very 
much and the opportunity of reading it prior to the meeting. I believe 
the authors have utilized a statistical method of looking at something 
we all hope, that is, that when a new treatment is started it in fact is 
effective. 

Some years ago we studied a 20% full thickness burn of the abdomen 
in the rat with almost immediate excision (within an hour). This would 
simulate what happens to a burn patient coming to the emergency de- 
partment. In the rat the wound can be totally excised and converted to 
a linear incision because of the loose excess skin covering the abdomen. 
When this is accomplished, they have a minimal metabolic response, 
much more like an appendectomy ina patient compared to a 20% burn. 
Infection was prevented since the wound was closed and all dead tissue 
had been excised. 

I have long been convinced that the ideal way to treat a major burn 
is to start resuscitation in the emergency department and then take the 
patient immediately to the operating room, excise the total burn, and 
cover it. It is, at this point, impractical because of the lack of suitable 
material to cover the wound and also the difficulties in determining the 
depth of the burn so soon after injury. 

This work shows that we must focus on early excision of the burn 
wound and develop methods for rapid coverage. It is a wound that con- 
tains dead tissue in it, and our goal should be removal of all dead tissue 
as quickly as possible and to convert it to a closed wound. 

I congratulate the authors on a very interesting piece of work and 
hope their group will continue their studies of artificial skin and other 
methods of coverage. 


Dr. RICHARD E. EDLICH (Charlottesville, Virginia): I feel especially 
privileged that Dr. Burke has asked me to comment on his excellent 


paper. His study is a retrospective review of burn patients treated at the 
Massachusetts General Hospital. 

A detailed, statistical analysis of the data was undertaken to identify 
the influence of treatments on the improved survival rate of their patients. 
in this study the statistical analysis strongly indicates that the increase 
in survival was related to changes in clinical practice, which includes 
prompt excision, immediate wound closure, and physiologic and met- 
abolic support. 

While I am very aware of the limitations of any retrospective review 
of clinical data, I can also predict that these observations are indeed 
correct. They are now faced with the interesting dilemma of determining 
the exact contribution of each of these treatments on patient outcome, 
which I doubt will be a subject of a controlled clinical trial at their Uni- 
versity or at the University of Virginia. 

Because Dr. Burke has now guided us from an era of delayed excision 
of the wound to prompt excision and closure, I would like to ask the 
speaker to discuss the role of other burn care treatments. 

First, what now is the role of topical antimicrobial agents in burn 
treatment? Moreover, what is the place of artificial skin substitutes in 
skin burn injuries that are judged to be moderate? Isn't there a missing 
dimension in burn care that we are still not discussing, a technique for 
bloodless debridement without anesthesia that does not promote septi- 
cemia? 

While many surgeons are frustrated by the complications associated 
with enzymatic debridement, what do you predict will be the ultimate 
solution? 

Finally, | would like to express my thanks again to Dr. Burke and his 
colleagues for their enormous contributions to the treatment of the burn 
patient. 


Dr. BASIL A. PRUITT, JR. (Fort Sam Houston, Texas); I rise to com- 
pliment Drs. Tompkins and Burke and to urge a note of caution. This 
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study has no controls, and there has been a géfietal improvement’ in the 
care of all patients since 1939. There has even been some improvement 
since 1974. I think that raw mortality in any barn unit would have 
decreased over a period of almost 50 years. - 

(Slide) In addition to the treatment variables that these aithor report 
as significantly influencing burn patient survival, -or cohversely mortality, 
inhalation injury exerts a measurable effect. As you can see in this com- 
puter-generated plané, inhalation injury by itself increases burn-associated 
mortality up to a maximum of 20%, and that effect changes with both 
age and.burn size. Thus, the incidence of inhalation i injury should be 
comparable throughout both time periods in any study comparing treat- 
ments in burn patients. (Slide) This slide shows that infection, in this 
case pneumonia, exérts a similar mortality-enhancing effect on burn size 
and age related mortality rising to a maximum of 40%. (Slide) Ifa patient 
has both inhalation injury and prieumonia, the independent and additive 
effects of those two complications can increase mortality by a maximum 
of 60%: 

Therefore, I would ask the authors whether the incidence of infection 
and inhalation injury remained constant throughout the two time periods 
encompassed by their study. 


Dr. JOHN R. BORDER (Buffalo, New York): This is a very interesting 
paper, and it is similar to our blunt multiple trauma paper. The aa 
is how to ask the question. 

Clearly, if we leave the residual nectotic tissue, it activates the mac- 
rophages, which completely alter metabolism and prodiive a septic state, 
whether it is a fracture hematoma or a burn wound or whatevet. 

Thus, I would raise a question: First, is there any change in the duration 
of the febrile elevated WBC state in these patients with year of treatment? 
That is one way of asking that question indirectly. Second, the essence 
of this séptic response is increased protein catabolism. If you look back 
at what you have done in terms of protéin intake, is there an increase 
in protein intake over this period? If so, where do you really change 
intake on average? Third, since we are now realizing that many of thése 
bacteremias come from the gut, is there a change in intravenous amino 
acid support versus entero-whole protein support? 


Dr. JOHN F. BURKE (Closing discussion): This has been a fascinating 
era for us, becausé it allowed us to test all of the things we had developed 
in childrén at the Shriners Burns Institiite in Boston and in the adult 
population at the Massachusetts General Hospital. Anybody who has 
treated both groups of burned patients, children and adults, will come 
to the conclusion that children ate much tougker than adults. It was 
perhaps fortunate that we began to develop éxcisional techniqués in chil- 
dren rather than in the adult population. 

Let me answer Dr. Border first because it goes along chronologically 
in our treatment development. We had already put in place in the Burns 
Institute all of the aspects of metabolic management. We have been 
using 2.5 grams per kilogram of protein per day since about 1972. This 
then was started before this series. 


PROMPT ESCHAR EXCISION REDUCES BURN MORTALITY 281 


AŠ far as nutrition ib conceméd, we have never been clever cnough to 
be able to utilize the gut in the way we really think it should be utilized. 
We therefore use the intravenous route of administration in all the patients 
during the actite phase, and that has not changed. 

Concerning the febrile state, we now get into never-never land. If you 

begin to improve the patient’s treatment, as we think we are doing, you 
also improve a lot of paranieters including those shown on the slides. 
Also, the febrile state is magnificently shortened. 
_ Protein synthesis, which we measure not in every patient but in a 
large number of patients by the tracer methodology, has shown that we 
have gotten over the “stress” phase in a much shorter time and that 
protein kinetics go back to normal in a much shorter time. Weare really 
talking about a, compressed illness in this sort of treatiment; thus, all of 
these pardmeters that Dr. Border talked about are shortened, but short- 
ened by. more effective treatment. 

I bélieve that Dr. Davis's comments are very much to the point. Ex- 
cision and wound closure are the essence of petting rid of the dead tissue. 
We wish that we were able to literally do excision inimediately after the 
injury. We have not been able to do this; thus, we have used the oom 

“prompt” excision. — 

In answer to Dr. Edlich’s questions, we have always believed that 
topical antimicrobials are really very important as long as the eschar is 
on the wound. The réal emphasis ought to be on getting rid of the eschar, 
and I do not believe that there is going to bé any magic solution coming 
down the pike that will transform eschar from a bad thing into a good 
thing. Therefore, I think that we have seen the major effect of topical 
agents and that they will slowly disappear as we become more effective 
in our excisional removal and wound Closure. 

Artificial skin is another subject that is of great interest to us. We 
believe that it iè of wider usefulness than the present investigational use, 
which is only in life-threatening injuries. Smaller wounds may be more 
effectively dealt with from the panoa s point of view. I think this will 
be demonstrated in the future. 

I think that Dr. Edlich is very perceptive in his discussion of enzymatic 
debridement. I am convinced that since the maggots can do it, we ought 
to be able to do it. Enzymatic debridement of the burn wound: though 
Ido not have it in my hand at the moment, I wish I did. Í am sure it is 
possible and somebody is going to bé clever enough to develop all of 
this. Í believe that this is where we are going to go in the future. 

Finally, to answer Dr. Pruitt, inhalation injury has not changed over 
the period. The problem is that we can, only document inhalation injury 
in the emergericy ward ds being present but can seldom predict its severity. 
Our excisional regimen and wound closure has very remarkably affected 
the outcome of inhalation injury. We have in fact influenced everybody’s 
prognosis including those with inhalation injury. A smaller number of 
inhalation injuries does not account for the improvement. As for burh 
wound infection, if you excise all the dead material and close the wound, 
you won *t have burn wound infection. We are not quite that clever but 
we are coming close. Our infection rate is remarkably lower than it was 
before the era of excision. This is a result of our treatment rather than 
a nationally occurring trend affecting the statistics. 
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A prospective study of factors predisposing to infection in badly 
injured patients has disclosed: (1) the dominant roles of two 
specific parameters: monocyte antigen presenting capacity, and 
opsonic capacity of diluted serum; (2) the potential value of fur- 
ther assessment of: the predictive value of plots of activated T- 
cells/total T-cells versus monocyte antigen presenting capacity, 
the apparent protective effect of the ability to sharply increase 
specific IgM in response to infection, and the apparent protective 
effect of cytomegalovirus (CMV) infection in the first 28 days 
after injury against major bacterial infection; (3) the lack of value 
of analysis of other T- and B-cell subsets in such patients; and 
(4) the need to clarify CMV and transfusion status with respect 
to interpretation of such data. The specific role of variable trans- 
fusion and of specific serum immunoglobulins will require further 
and more discriminating study. 


HE CONTINUING BATTLE among the surgeon, his 
patient, and the microbial environment in which 
both reside has tantalizingly offered solution and 

victory for more than 100 years. It is quite clear that the 
impact of surgical asepsis and judicious prophylactic and 
therapeutic antibiotic use has ameliorated the process in 
favor of the surgeon and his patient. Indeed, as the tech- 
nical skills of surgery have proceeded apace, surgeons are 
conducting ever more extensive operative procedures on 
increasingly debilitated patients. The net balance is one 
of major progress that has, to some extent, been concealed 
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because of a shifting battlefront. There continue to be 
examples where overwhelming bacterial contamination 
defeats even the most judicious and skillful surgeon and 
his normal patient. Increasingly, surgeons have been 
deeply concerned with the other side of that coin, that is, 
the patient who falls prey to an infection for no obvious 
or sufficient reason. In other words, the patient is surgically 
well cared for, his illness and/or injuries appropriately 
treated, antibiotics have been wisely used, and supportive 
care has been ideal; even now under some sets of circum- 
stances, invasive infection contributes to tissue destruction 
and delayed recovery or even death. 

Over the last 10 years, numerous surgical investigators 
have assayed one or more components of the host—patho- 
gen interaction, and much has been learned regarding the 
value and limitations of antibiotics as well as the double- 
edged sword of the therapeutic foreign body. Many of 
these inquiries have involved unidimensional examina- 
tions of putative host defenses in both the clinical and 
laboratory setting. 

It is the purpose of this report to describe broadly based 
inquiries into multiple aspects of the host defense process 
as reflected by the ongoing and repetitive studies of high- 
risk, badly injured patients cared for in a single university 
hospital setting. It was anticipated that such a set of in- 
quiries might disclose sophisticated interactions and clar- 
ify, once and for all, which, if any, of these specific and 
nonspecific immunologic factors contribute to the pro- 
pensity for infection on the part of some surgical patients. 
Intrinsic to such an inquiry is the definition of normal 
recovery. 
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Patients and Methods 
Patient Population 


Á Twenty consecutive patients admitted under the care 


of the emergency surgical services at the Humana Hospital 
University qualified for study as specified below. Only 
patients who had sustained major trauma resulting in an 
Injury Severity Score! ofat least 20 were accepted. Patients 
with a previous medical history of myocardial infarction, 
organ failure, neoplastic disease, or current immunosup- 
pressive therapy (steroids or cytotoxic drugs) were ex- 
cluded. Patients transferred from other centers after initial 
stabilization were accepted; however, those trarisferred 
after prolonged care were excluded. Informed consent was 
obtained from the patient or relatives in all cases. 

Details of the patients studied are given in Table 1. To 
clarify the effect of blood transfusion on resporise to 
trauma, patients were further classified according to the 
volume of blood transfusion received within 48 hours of 
admission. Patients receiving fewer than 10 units were 
arbitrarily designated ds the low transfusion group ahd 
those receiving more than 10 units as the high transfusion 
group (Table 2). 

Contamination present at the time of admission or sur- 
gery was graded as follows: massive soft-tissue contami- 
nation or large bowel spillage (2+), minor soft-tissue, in- 
trathoracic or abdominal contamination (1+), or no con- 
tamination (0). 

Venous blood samples were obtained for immunolog- 
ical studies from each patient within 24 hours of admission 
and at regular intervals during the hospital stay. Further 
samples were obtained from all patients during fol- 
low-up. 


Clinical Infection 


Infectious events in these patients have ba classified 
into major/minor groups by usual clinical criteria. Major 
events include every example of bacteremia, all of which 
were associated. with definable clinical problems, major 
wound infection, intra-abdominal or other serous cavity 
abscesses, and any situation in which reoperation for sus- 
pected infection was undertaken. Minor events include 
urinary tract infections and minor wound sepsis. 

Some positive cultures of pathogenic bacteria from or- 
ifices of sites that, in our judgment, were unassociated 
with any sign of clinical sepsis were reported but not clas- 
sified as an infectious event. In the following analysis, 
those patients who developed major infections (septic) 
are compared with the group of patients with minor in- 
fections and no infection (nonseptic). 


Antibiotic Utilization 


Antibiotics were generally infused prior to the initial 
operation and often in the first bottle of intravenous fluids 
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provided upon reaching the hospital. The most common 
agent used was cefazolin or cefoxitin in 1-2 g doses: The 
general plan of use in the badly hurt patient included a 
5- to 7-day empiric program. Ordinarily, antibiotics would 
be stopped and the patient recultured if any infectious 
episode appeared to develop. The plan of empiric, single 
drug therapy was discarded if and when clinical sepsis 
appeared earlier than the fifth to seventh day, the drug 
selection in that case being based on culture data and 
specific antibiotic sensitivities, where possible. Multiple 
antibiotic therapy was undertaken only in the presence 
of specific positive cultures of multiple organisms in 
gravely ill patients. Reoperation was routinely undertaken 
when a mechanical problem was identified or suspected, 
especially in a deteriorating patient. 


Respiratory Assistance 


Ventilatory support was frequently utilized when major 
thoracic trauma was a clinical factor. Arterial blood gases 
were used to monitor the need for and effectiveness of 
such support. Positive end expiratory pressure, in general, 
was utilized in preference to increasing the inspired oxygen 
concentration above 50%. Combinations of. continuous 
positive airway pressute and intermittent mandatory 
ventilation were used to wean most patients. When airway 
intubation was required for 2 or more weeks, a trache- 
ostomy was often performed. Only two patients in the 
group manifested pneumonia as their major septic event. 


Nutritional Support 


The nutritional status of the patiénts on admission to 
the unit uniformly reflected pre-existing normal nutrition. 
Enteral nutrition was started as soon after admission as 
the clinical situation allowed; in unconscious patients or 
those with severe facial injury, it was administered via a 
fine bore nasogastric feeding tube. Twenty per cent of 
patients received someé element of parenteral nutrition 
according to standard practices during their hospital 
course. There was no evidence of overt or occult starvation 
evolving in any of the patients under study. 


Injury Severity Score 


The Injury Severity Score (ISS) was used as an indéx 
of injury severity. To allow. more meaningful comparisons 
between equivalent injuries in patients of different ages, 
the concept of the 50% lethal dose of injury has been 
used.” The ISS for each patient has been expressed as the 
percentage LDs, for their age. 


Flow Cytometry Analysis 


Mononuclear cell subset analysis: The per cent and ab- 
solute numbers of various lymphocyte subsets were mea- 
sured in the peripheral blood of study subjects using flu- 
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orochrome-labeled monoclonal antibodies and flow cy- 
tometric analysis. Antibodies used and the subsets they 
_ identify are listed in Table 3. Monoclonal antibodies were 
Á purchased from Becton-Dickinson, Sunnyvale, CA, Or- 
thodiagnostics, Raritan, NJ, and Coulter Immunology, 
Hialeah, FL. 

Forty microliter aliquots of buffy coat cells prepared 
from acid—citrate-dextrose anticoagulated blood were 
_ Stained for 20 minutes with the manufacturers’ specified 
dilution of antibody in the presence of 0.1% NaH3. Red 
cells were removed by hypotonic lysis, and the samples 
were preserved in 1% paraformaldehyde. Whole blood 
was stained in this manner to preclude artefactual distor- 
tion of lymphocyte subset distribution often observed in 
gradient-purified cell preparations.’ 

Samples were analyzed on a cytofluorograph IIS flow 
cytometer (Ortho Diagnostics, Westwood, MA) confi- 
gured for simultaneous 2-color (red and green) fluorescent 
analysis. The forward and right-angle light-scattering 
properties of cells enabled three-part differentiation of 
lymphocytes, monocytes, and neutrophils. Fluorescence 
could thus be measured separately on each cell type. Ad- 
ditionally, Class II major histocompatibility antigen 
(HLA-DR) was measured on monocytes, which stained 
positively for MO,. At least 1000 lymphocytes and 100 
monocytes were analyzed in each sample. Complete white 
blood cell counts (Coulter Counter, Coulter Electronics 
Inc., Edison, NJ) and Wright-stained microscope differ- 
ential counts were made to calculate the absolute number 
of each subset per cubic millimeter of blood. | 

Please note that all data are being presented as the group 
or subgroup mean against a normal range of plus or minus 
two standard deviations. This broader interpretation of 
normal provides a 95% confidence limit for the obser- 
vations and requires that the investigators show overtly 
dissimilar data before these ranges (which are generally 
represented by shaded areas across the multiple figures to 
follow) are exceeded. Such a decision provides protection 
against the possibility of a type 1 error but creates an 
increased opportunity to make a type 2 error of obscuring 
a potentially meaningful interaction or relationship. 


Oxidative Burst 


The capacity of neutrophils to generate oxidative burst 
metabolites either endogenously or in response to stim- 
ulation with phorbol myristic acetate was measured. Leu- 
kocytes isolated from acid—citrate—dextrose anticoagulated 
blood by hypotonic lysis were labeled internally with 
- dichlorofluroescein diacetate, which in the presence of 
oxidative burst metabolites emits a green fluorescence that 
can be detected by flow cytometry.’ The resting unstim- 
ulated generation of fluorescence was measured over a 
15-minute period and the phorbol-stimulated generation 


oa of fluorescence over a 10-minute period. 
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TABLE 2. Patient Data Comparing High and Low 
Transfusion Groups* 
High Transfusion Low Transfusion 
Number of patients il 9 
Units of blood 
(48 hours) 24.3 + 13.8 (13-56) 42+ 30 (0-9) 
Age (years) 26.8 + 5.9 (22-42) 32.9 + 15.7 (17-60) 
ISS 36.6 + 7.8 (25-50) 35.4 + 10.7 (20-50) 
PLD ISS 91.8 + 19.4 (63-125) 98.7 + 28.7 (50-141) 
Hospital days 33 +25 (9-93) 32 +14 (9-55) 
SICU days Ik +10 (2-33) 9 + 5 (3-16) 
Major infections 5 
Minor infections 6 3 
Deaths 0 l 
* Mean + SD (range). 


Serum Opsonin Capacity 


Individual sera samples were tested for their ability to 
opsonize Staphylococcus aureus for phagocytosis by neu- 
trophils obtained from a normal volunteer. Formalin- 
killed bacteria were stained with a fluorescent dye (Texas 
red). The stained bacteria were incubated for 30 minutes 
at 37 C with dilutions of test serum or control pooled 


human serum. A paired aliquot of serum was heat inac- _ 


tivated at 56 C for 45 minutes to determine whether the 
opsonic capability of the serum was complement depen- 
dent. 

The bacteria were washed and incubated for 39 minutes 
at 37 C with the leukocyte preparation at a bacteria:cell 
ratio of 10,000:1. Each sample was then washed and fixed 
in paraformaldehyde. Phagocytosed bacteria were detected 
by flow-cytometry. Data were expressed as the mean flu- 
orescent intensity emitted from neutrophils that ingested 
one or more bacteria, normalized to the pooled humen 
serum control. Two thousand neutrophils were analyzed 
in each sample. 


TABLE 3. Phenotypic Analysis of Mononuclear Cells 


Monoclonal 
Antibody Cell Type Detected 

Single Marker Analysis 

Bi Total B lymphocytes 

OK Til Total T lymphocytes 

OK T4 or Leu 3 Helper/inducer T lymphocytes 

OK T8 or Leu 2 Suppressor/cytotoxic T lymphocytes 

HLA-DR Class H HLA antigen-bearing cells 

MO, Monocytes 

Leu 7 Natural killer cells 
Dual Marker Analysis 

OK T4 + HLA-Dr Activated helper/inducer 

OK T8 + HLA-DR Activated suppressor/cytotoxic 

Leu 2 + Leu 7 Functional suppressor cells 

MO, + HLA-DR Antigen presenting monocyte 
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Materials and Methods 
Enzyme Linked Immunosorbent Assay (ELISA) 


IgG, IgM, and IgA antibodies to one strain of Esche- 
richia coli (O.:K «:NM) and three strains of Pseudomonas 
aeruginosa (O serotypes: M, E, EG) were detected using 
an enzyme-linked immunosorbent assay (ELISA). The 
ELISA procedure used was modified from a method de- 
veloped and validated in our laboratory.° The assay was 
performed in flat-bottomed 96 well polystyrene microtest 
plates (Flow Laboratories, Inc., Hamden, CT). Formalin- 
killed bacterial suspensions of the test organisms in car- 
bonate buffer (0.05 M, pH 9.6) were added to the wells 
in 200 ul aliquots and incubated for 3 hours at 
37 C. After the plate was washed with phosphate buffer 
saline with 0.02% sodium azide added (PBSA), PBSA with 
0.5% bovine serum albumin (BSA) was added to each 
well and incubated for 90 minutes at 27 C. After a second 
wash with phosphate buffered saline with 0.05% Tween 
20® and 0.02% sodium azide ( PTA), 200 yl of test serum 
diluted 1:200 in PTA-BSA was added to each well and 
incubated for 2 hours at 27 C. After a third wash with 
PTA, alkaline phosphatase-labeled goat antihuman IgG, 
IgM, and IgA (Sigma Chemical Company, St. Louis, MO) 
were added in a 1:1000 dilution in PTA-BSA and incu- 
bated for 15-18 hours at 27 C. After a final wash with 
PTA, 200 ul of nitrophenol substrate (Sigma) | mg/ml in 
carbonate buffer with 0.001 M MgCl was added to each 
well. The plates were incubated for 60 minutes at 27 C 
and the reaction then stopped by the addition of 50 ul in 
| N NaOH to each well. The optical density (OD) of each 
weil was measured photometrically at 410 nm witha rapid 
microplate reader (Mini-reader, Dynatech Laboratories, 
Inc., Santa Monica, CA). Controls for each plate included 
wells with antigen but no serum and wells with reference 
serum and antigen. The control serum was obtained from 
a healthy laboratory worker documented to have im- 
munoglobulin levels within the normal range as tested by 
radial immunodiffusion (Kalestead Laboratories, Austin, 
TX). Patient’s serum was tested in quadruplicate for each 
of the three antibody classes against each of the four or- 
ganisms and the mean OD recorded. 

To minimize intrinsic variation within the ELISA, the 
following standardization procedure was used. The optical 
density recorded for the reference serum in the first assay 
performed was designated as a standard and has been used 
to correct data from all subsequent assays. In cases where 
the optical density reading was off scale, the assay was 
repeated using patient’s serum and control serum diluted 
to 1:400 in PTA-BSA. 


Cytomegalovirus Antibody Assay 


Patient’s serum was assayed for antibodies to cyto- 
megalovirus (CMV) on admission, at 2-5 weeks, and at 
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7-13 weeks. Immunoglobulin IgG antibody to cytomeg- 
alovirus (CMV-IgG) was detected and quantified using a 
solid phase fluorescent immunoassay (FIAX test kit and 


fluorometer, MA Bioproducts, San Jose, CA). Immuno- + 


globulin IgM antibody to cytomegalovirus (CMV-IgM) 
was assayed using indirect fluorescent microscopy (CMV- 
IgM Test Kit, Gull Laboratories, Salt Lake City, UT). 
The serum used in the CMV-IgM assay was prepared by 
passage over an ion-exchange resin (Quic-Sep Isolation 
System, Isolab, Inc., Akron, OH) to remove the IgG frac- 
tion. 

The appearance of CMV-IgM or CMV-IgG in a pre- 
viously seronegative patient was taken as evidence of pri- 
mary CMV infection. Those patients who were seropos- 
itive on admission were classified according to whether 
they exhibited serological changes consistent with active 
infection during the course of their study. No attempt was 
made to differentiate between reactivation of a latent in- 
fection and reinfection. On the basis of similar assays, we 
arbitrarily chose a 2.5-fold rise in CMV-IgG FIAX titer 
as being diagnostic of active infection. The appearance of 
CMV-IgM during the course of study in a previously se- 
ropositive patient was regarded as diagnostic of active in- 
fection. In most cases, both criteria were fulfilled. Fifteen 
patients were tested for CMV on at least two, and in most 
cases three, occasions. 


Skin Testing 


Patients were tested with the following skin test antigens 
shortly after admission to hospital and at weekly intervals 
during their hospital course or until a positive response 
was elicited: Candida albicans (Center Laboratories, Port 
Washington, NY), tuberculin purified protein derivative 
(Aplisol, Park-Davis, Morris Plains, NJ) and trichophyton 
(Berkeley Biologicals, Berkeley, CA). 


Intradermal injections of 0.1 ml of each antigen were _ 


administered and read by the same person 24, 48, and 72 
hours later. A skin test was considered positive if the di- 
ameter of induration was greater than 5 mm for Candida 
and trichophyton and greater than 10 mm for tuberculin 
purified protein derivative. Patients were classified as nor- 
mal if they demonstrated a positive response to any one 
of the recall antigens. Patients with no positive responses 
were Classified as anergic. 


Data Analysis 


Initial analysis of the lymphocyte and monocyte data 
was performed by comparing the means of the patient 
subgroups at each of the postinjury sample periods and 
are presented graphically. Some data points were excluded 
because they did not fall within stipulated time periods. 
In the final statistical analysis, some of these excluded 
data points were included if they lay sufficiently close to 
the stipulated range to permit physiologically valid com- 
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parisons. Statistical analysis was performed using an IBM 
3083 computer (Boca Raton, FL) with SPSSX software 
(SPSS, Inc., Chicago, IL). ` 


Results 


The mean ISS for the study group was 36 (range: 20- 
50) and the mean %LDsp was 95 (range: 50-141). Figure 
1 reflects data calculated to express an LD» for each injury 
severity score at each of the three truncated ages for which 
data were available.? Consider that the requirement for 
large amounts of blood transfusion or severe bacterial 
contamination would tend to shift that curve downward 
and to the left and that small blood transfusions and bac- 
terial contamination would tend to shift it upward and 
to the right. 

Fourteen major septic events occurred in 10, patients. 
One patient died as a result of overwhelming burn sepsis 
complicated by staphylococcal pneumonia. Nine minor 
septic events were identified. Details of these events are 
given in Table 1. Only the most severe septic event ex- 
perienced by any patient is identified. In cases where the 
patient experienced two separate minor septic events af- 
fecting the same system, this has been classed as one event. 

Not surprisingly, major infection correlated with sig- 
nificant initial contamination (p = 0.033, two tail Fisher’s 
exact test). Major transfusion was not positively correlated 
with subsequent major infection (p = 0.37, two tail Fish- 
er’s exact test); further analysis of patients with less than 
ten and more than 20 transfusions did not disclose a re- 
lationship nor did holding the degree of contamination 
constant. The degree of injury, as measured by the ISS, 
did not correlate with the development of major infection 
(p = 0.89, one way analysis of variance). 

The total leukocyte count in highly transfused patients 
at the first observation tended to be substantially lower 
than that in patients who were slightly transfused. This 
may be explained partially by the observed reduction in 
polymorphonuclear leukocytes in stored blood.® The nor- 
mal response to injury in this study appears to be an im- 
mediate polymorphonuclear leukocytosis, possibly re- 
sulting from increased endogenous steroid levels. How- 


ever, massively transfused patients did not manifest that | 


increase, presumbly for the reason noted above. Patients 


destined to become infected tended to have lower initial | 


total leukocyte counts, although this was greatly influ- 
enced by their transfusion status. 

Total T-cells in the population under study are reflected 
in: Figure 2 and represent what is interpreted as a normal 
and common response to injury and subsequent treat- 
ment. All patients had low total lymphocyte counts on 
admission and exhibited a further decline on day 3; those 
patients who were highly transfused had relatively lower 
levels initially. Hematocrit data suggest that only 12-15% 
of such reduction could be attributed to hemodilution, 
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FIG. 1. Injury severity score data calculated to estimate an LD. for each 
age and ISS point. 


assuming that the immunologic cells under study remain 
within the intravascular compartment and are diluted in 
parallel with the red blood cells. The major cause of this 
phenomenon is probably a redistribution of lymphocytes 
from the circulation to the tissues mediated by endogenous | 
corticosteroids.’ 

Figure 3 presents the total T-cell population normalized 
for the day of onset of sepsis. The appropriateness of using 
the time of injury as “time-zero” has been questioned by 
some, and Figure 2 is an effort to define time-zero arbi- 
trarily as the onset of identifiable clinical sepsis. To some 
extent, this process is defeated by the need to define ar- 
bitrarily the onset of sepsis. The highly variable responses 
further contribute to misinterpretation. Note that seven 
of ten such patients approached the septic event with a 





22-24 
18-20 


28-28 36-50 
Sample Time Post injury- Days 
Fic. 2. The normal common response to injury is reflected by the total 
_ T-cell observations across the time of the study. Those data points that 
are circled reflect patients who had undergone splenectomy as part of 
their prior treatment. 
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Fic. 3. Total T-cell numbers plotted across time of observation but nor- 
malized for empiric designation of day of onset of first infection. The 
bold line represents the sole septic death. 


reduction in total T-cells, whereas three of ten did not. 
However, nine patients were below normal or in the lower 
half of the normal range on the documented day of sepsis. 
The interpretation of this data is obscured by the fact that 
the majority of infected patients showed their first signs 
of sepsis on the third day after injury, and it is difficult to 
tell whether this observation represents a normal response 
to injury and resuscitation 72 hours previously or a re- 
sponse to a common day of onset of clinical infection. 
The only useful and direct information we can bring to 
bear on this is that two of the three patients, who did not 
become overtly infected until after day three, had very 
low total T-cell populations on day three; this suggests 
that low total T-cells are a manifestation of the time after 
injury rather than specific for the onset of clinical infec- 
tion. 

The T-helper cell population appeared to reflect total 
T-cell populations. Interestingly, the highest early level of 
T-helper cells was seen on the seventh to twelfth days 
after injury, in a patient who had undergone splenectomy 
with low transfusion as part of the management of mul- 
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FIG. 4. T-helper/T-suppressor cell ratios as manifested in five groups: 
total, low, and high transfusion patients, and septic and nonseptic patients. 
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tisystem trauma. The highest late value, observed at ap- 
proximately 50 and 100 days after injury, represents an- 
other patient who had undergone splenectomy but who 
also received 31 units of blood during his initial resusci- , 
tation and treatment. It is however, a specific decrease in 
the T-helper cells that accounts for much of the reduction 
of total T-cells on the day of admission. An analysis of 
the T-helper cell population according to the septic or 
nonseptic status of the patient shows no difference between 
the groups, as was the case for total T-cell observations. 
The T-helper cell counts, when normalized for day of 
onset of sepsis, show that five of ten patients had distinctly 
low levels prior to the onset of sepsis and six of ten were 
below normal coincident to the onset of clinically apparent 
infection. 

Observations regarding the T-suppressor cell are similar 
to those with the total T-cell population. The T-suppressor 
cell values do not correlate with the presence or absence 
of clinical sepsis but do appear to correlate better with — 
the relative amounts of blood transfusion. High transfu- 
sion tended to be associated with increased levels of T- 
suppressor cell activity, whereas the slightly transfused 
patients generally tended to have lower levels. Further- 
more, T-suppressor cell activity is more positively related 
to transfusion than to the presence or absence of CMV 
infection, although all notable peaks occurred in heavily 
transfused patients who had serological evidence of active 
CMV infection. 

Figure 4 reflects the ratio of T-helper to T-suppressor 
lymphocyte activity and is fully compatible with normal 
recovery from injury. There is a tendency toward a slightly 
lower level on admission in highly transfused patients. 
The reduction in T lymphocytes between days one and 
three is greater within the suppressor population and is 
reflected in the simultaneous rise in helper/suppressor ra- 
tio. Throughout the study period, the ratio remains within 
or close to the normal range and represents a classic ex- 
ample of homeostasis that is little disturbed by widely 
varying challenges. 

Total B lymphocyte activity waxes and wanes, within 
or close to a normal range in each of these patients. The 
only notable exceptions were observed in patients who 
had undergone splenectomy as part of their management. 
This elevation was apparent early in one patient who was 
free of evidence of CMV infection and tended to occur 
much later in a patient with documented CMV infection. 

The antigen presenting capacity of monocytes (MO>- 
DR) appears to be very low early on as a function of the 
injury, operation, anesthesia, or resuscitation involved 
(Fig. 5). Contrary to all other observed immunologic pa- 
rameters in this particular study, no decline occurs on the 
third day after injury, and there is steady improvement 
toward normal throughout the course studied, although 
normality is not consistently reached until the 28th day ` 
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Fic. 5. Septic patients have fewer antigen presenting monocytes during 
the 4-week period following injury. Note the patient indicated by the 
solid triangle who died a septic death unassociated with injury but was 
not otherwise studied repetitively and the course of the patient in whom 
the sole septic death occurred (open line). 


after injury. Interestingly, the nonseptic group and the 
highly transfused group tended to reach the normal range 
sooner than the septic arid slightly trahsfused groups. One- 
way analysis of variance showed a positive correlation 
between low MO,-DR and the development or pregerice 
of major infection at days 7-8 (p = 0.013) and days 10- 
12 (p = 0.006). Similar analysis showed a positive cor- 
relation between low MO2-DR and low transfusion at the 
samé periods (p = 0.049 and 0.069, respectively). Two 
way analysis of variance showed the major effect to be 
the presence: of infection. © | | 
More sophisticated analysis is needed to describe in- 
teractions between the immunologic parameters under 
study. Figures 6 and 7 attempt to better define the inter- 
action of the antigen presenting monocytes with total T- 
cells and T-helper cells. Notice in Figure 6 that, as one 
moves across the course from the first to the fourth ob- 
servation, all made in the first 2 weeks after injury; the 
characterization of septic and nonseptic patients becomes 
more clear and the dominant role of MO, activity over 
total T-lymphocyte numbers is increasingly clear. Figure 
7 describes four discrete quadrants of activity in plotting 
T-helper cell numbers against MO--DR. Quadrant I con- 
tains 4 group of patients who regularly developed infec- 
tion; no patients reside within quadrant II, which is the 
boundary for both normal T-helper and normal MO, 
numbers. Quadrant II, which reflects depressed T-helper 
activity and normal antigen presenting monocyte activity, 
contains a group of patients who infrequently become 
infected: Quadrant IV contains a group of patients of 
whom half become infected. The plot of MO2-DR against 
T-helper cells provides a slightly better discrimination at 
days 2-5 than is possible with the corresponding plot of 
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Fic. 6. Plots of antigen presenting monocyte activity (MODR) vs. total 
T-cells show the increasing significance of the former factor across the 
first 2 weeks after injury. 
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Fic. 7. T-helper cells plotted against MO-DR activity on postinjury 


days 2-5 provide further definition of likely patient status with respect 
to present on subsequent infection. 
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FIG. 8. Analysis on day of admission of the ratio of activated T-cells to 
total T-cells plotted against MO,-DR < 24 hours after injury allows 
identification of patients likely to develop major infection. 


MO) against total T-cell number. Clearly MO>-DR is the 
most useful characterizer of infection among those non- 
specific immunologic parameters studied in this data. 
Predictors are obviously more valuable than character- 
izers, and Figure 8 reflects an effort to recognize predictive 
value. This analysis indicates that some variable combi- 
nation of low ratios of activated T-cells to total T-cell 
activity and few antigen presenting monocytes are asso- 
ciated with a high rate of subsequent, major infection, 
even on the very first observations made after the patients 
were admitted to the trauma service. Clearly, a predictor 
is much more useful than an overt sign of an event that 
has already occurred and is demonstrable clinically. If the 
predictive value of this relationship can be confirmed by 
others, it would be an uncommonly valuable method for 
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Fic. 9. Absolute number of activated T-helper cells in the five groups 
characterized as in Figure 4. Highly transfused patients show higher levels 
of activated T-helper cells, particularly during the second and third weeks 
after trauma. 
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early identification of patients who are likely to develop 
infection as a consequence of their injury. 
Natural killer cells usually express T11 surface antigen® 


and are included as a subgroup of the total T-cell lym- | 


phocyte population. They exhibit spontaneous cytotoxic 
activity against both virally infected and tumor cells and 
lack major histocompatability complex restriction.” Our 
data indicate that the curve across time for those patients 
who receive few transfusions is low normal. A sequence 
of late elevations is seen, but these also occur within the 
normal range and tend to be seen in the patients who had 
evidence of active CMV infection and/or in highly trans- 
fused patients. Such patients are obviously often one and 
the same. The observed elevations did not appear to relate 
to clinical septic episodes, a relationship that is more 
Clearly visible when natural killer cell activity is reanalyzed 
with time-zero set to the onset of clinical infection. 

Functional suppressor cells share expression of Leu-7 
with the natural killer cell population and again typically 
reflect a viral infection,'®!'' such as CMV infection com- 
monly seen in these patients. Accordingly, its time course 
atid pattern mirrors that described for natural killer cel] 
activity. 

Increased numbers of activated T-helper cells (Fig. 9) 
tended to reflect lower transfusion state at day one (p 
= 0.048), but high transfusion state at days 10-12 (p 
= 0.025), 14-16 (p = 0.022), 18-20 (p = 0.089), and 22- 
24 (p = 0.067) by one way analysis of variance. No sig- 
nificant correlation between the number of circulating 
activated T-helper cells and bacterial or viral infections 
was found. The increased number of activated T-helper 
cells seen in the heavily transfused patients 2-3 weeks 
postinjury may reflect a normal response to major blood 
transfusion. 

Activated suppressor T-cell numbers were similarly 
studied in these patients. One way analysis of variance 
showed that activated T-suppressor numbers correlated 
positively with high transfusion at days 7-8 (p = 0.066), 
days 10-12 (p = 0.037), and more strongly at days 22- 
24 (p = 0.031). No relationship existed between activated 
T-suppressors and CMV infection. Three of the four pa- 
tients who had chronic bacterial infections showed con- 
sistent increases in activated suppressor cell numbers. 
Each of these cases had their onset at day 3 but literally 
lasted for weeks; they represent the only example of con- 
sistently supernormal activity in the immunologic pa- 
rameters measured and lead us to suggest that increased 
activated T-suppressor cell activity is a sign of chronic 
and/or ongoing bacterial infection as well as major trans- 
fusion. 


Studies of Opsonization and Phagocytosis 


Serial studies of the capacity of patients’ serum to sup- 
port phagocytosis by normal celis were undertaken and 
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analyzed in detail in those patients who developed bac- 
terial sepsis. This data result is presented in Figure 10. 
The vast majority of this activity is complement depen- 


A dent. The serum so used is diluted to 5%, and the param- 


\ 


eter shown in this case is the mean channel number, which 
provides 4 quantitive measure of the number of labeled 
killed bacteria ingested by each normal neutrophil; this 
correlates regularly with the other index measured, the 
percentáge of cells showing phagocytic activity; biologi- 
cally, these observations are usally one and the same. 

Three patients in Figure 10 manifested greater than nor- 
mal capacity of their diluted serum to support opsonic 
activity than was the case in normal diluted serym. This 
complement dependent activity unequivocally character- 
izes the survivors of sepsis. In Figure 10 notice two patients 
not within the intended: scope of the study, for each of 
whom four data points are available, and the'study group’s 
only death, a fatal burn wound sepsis in a pregnant 
woman. Their sera were-associated with reduced capacity 
to support opsonization. The patient who was 35 weeks 
pregnant and sustained a greater than 60% body ‘surface 
area burn in a closed space produced exceptional data in 
Figure 10, Le., the capacity of her serum to support op- 
sonization was very low early on and literally improved 
through the time toward her last observation, which was 
made 5 days before her final septic episode. Her early 
illness was characterized by a chronic gram-negative burn 
wound infection, and her terminal event was characterized 
by an accentuation of a chronic staphylococcal: respiratory 
infection. The ability of progressive dilution of the serum 
to display more vividly this unusual characteristic of'pa- 
tients who deal with sepsis successfully and survive is 
shown j in Figure 11. 

Heating serum at 56 C for 45 minutes eliminates com- 
plement dependent phagocytosis and also serves as an 
internal control for thé process. Most samples in most 
patients have virtual abolition of opsonic capacity under 
these circumstances. Notably, one patient’s serum ap- 
peared to support greater phagocytic activity more often 
after heating than was seen either in controls or other 
patients. Three such observations were associated with 
the onset of clear-cut infectious events in a prolonged 
course after pancreatoduodenectomy fora shotgun wound 
of the abdomen. At each such observation, the ELISA 
determination of Pseudomonas- and Æ. coli-specific IgM 
and/or IgG were sharply increased. One could hypothesize 
that such specific immunoglobulins account for residual 
ọpsonic activity after heating. However, other patients 
with similar or higher ELISA values of those same im- 
munoglobulins did not display serum so apparently re- 
sistant to heating. These observations are urider continu- 
ing dissection and may be most germane. 

The resting and stimulated capacities of isolated 


> monocytes and polymorphonuclear leukocytes to generate 
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Fic. 10. The capacity of injured patients’ serum to support phagocytosis 
characterizes patients who survive sepsis as well as those who do not. 
The light lines define three patients who survived major sepsis; the dark 
lines reflect the one patient in the study who died of infection arid two 


other (uninjured) patients who died septic- deaths and for whom only 
fragmentaty data are available. . 


oxidative burst metabolites were studied in a serial fashion. 
While there were some impressive peaks that correspon- 
ded with defined septic episodes, the absence of such ac- 
tivity in the presence of other septic episodes in other 
patients was similarly 1 impressive. We conclude that the 
importance of these observations cannot be stated and 
that such activity is, at best, erratic. 


Enzyme Linked Serum Immunoassay for Specific 
‘Gram-Negative Pathogens 

This process, utilizing an ELISA developed and vali- 
dated for both E. coli and three strains of Pseudomonas, 
was incompletely helpful, and further studies are ongoing. 
The hypothesis that superior immunologic experience 
prior to injury might favorably influence a badly hurt 
patient’s ability to deal with sepsis cannot be confirmed 
or refuted at this point in time. However, the ability to 
increase sharply Pseudomonas- or E. coli-specific IgM (or 
IgG for E. coli) was associated with a favorable outcome 
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"Fa. 11. Progressive dilution of serum more vividly displays the superior 
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TABLE 4, Number of Patients Demonstrating CMV Infection 
No Active Active 
Infection Infection* Total 
High transfusion 2 7 9 
Low transfusion 3 3 6 


Total 5 10 15 


* Represented by | primary infection and 9 patients with reinfection 
and/or reactivation of latent infection. 


with respect to control of major infection in all five pa- 
tients in which it was noted. 

One example may be helpful. A multiply injured pa- 
tient, but one in whom overt bacterial contamination did 
not occur, maintained a stormy course in the intensive 
care unit with no evidence of major identihable clinical 
sepsis. He manifested a profound and sustained increase 
in E. coli-specific IgG over this period of time and may 
be an example of a patient who has dealt successfully with 
a bacterial challenge without clinical manifestations of 
such an infection. 

A number of patients manifested classic anamnestic 
responses in which [gG elevations occurred relatively early 
in their courses, without documented prior significant 
elevations of IgM, particularly for organisms as common 
as E. coli. 


Skin Testing with Recall Antigens 


Skin testing data are available for all 20 patients. Two 
patients manifested normal reactivity on admission to the 
trauma unit, one of whom developed but survived major 
infection. Eighteen of the patients were anergic on ad- 
mission to the hospital, including the sole septic death, a 
pregnant woman with a large burn. Of those 18 patients 
who were anergic on initial testing, 12 were available for 
retesting at 3 weeks or later, three remained anergic, and 
nine had become appropriately positive. Of those patients 
who remained anergic, one developed but dealt with a 
staphylococcal infection well and two remained free of 
sepsis during the course of their illness. Comparison with 
the ELISA data previously presented shows that, despite 
suppositions to the contrary, several patients mounted 
primary IgM and appropriate IgG responses in the face 
of continuing skin test anergy. | 


CMV Results 


Serial data points are available on 15 of the 20 patients 
with respect to CMV infection. Ten patients developed 
an active CMV infection during the course of their illness, 
of whom four developed major bacterial infection. Five 
patients were free of evidence of active CMV infection, 
of whom three developed major bacterial infection. Table 
4 reflects the association of active CMV infection with 
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the degree of blood transfusion. One patient had CMV- 
IgG and CMV-IgM antibodies in his serum on day one 
following a 24-unit transfusion. By day 28, CMV-IgM 
had disappeared, and, by day 99, CMV-IgG had disap-_. 
peared. This may represent passive transfer of antibody 
from the donor blood. 

Active CMV infection during the first 28 days after 
injury was significantly associated with the absence of 
major bacterial infection (p = 0.041, two tail Fisher’s exact 
test). Routine testing for CMV seems advisable in any 
immunologic assay of host defenses in the surgical patient, 
since it clearly accounts for distortion of the results in 
many patients. An alternative assessment could be done 
in patients documented to be seronegative for CMV and 
transfused with CMV free blood, a situation presently 
amenable only to elective operations and not to the 
trauma victim. 


Discussion 


Sepsis remains the commonest cause of late death fol- 
lowing trauma.'*'? Howard and Simmons stressed the 
importance of examining the immune system as a whole 
in the trauma patient and suggested that only by under- 
standing the mechanisms and interactions involved could 
rational therapy to correct such abnormalities be devel- 
oped.'* This study is an attempt to examine multiple as- 
pects of the host defense response to trauma and to define 
both normal and abnormal responses. 

The ISS was used as an index in this study, because it 
is widely accepted and understood. Both the ISS' and the 
concept of the LDso for given age ranges’ were derived 
from data from victims of motor vehicle accidents and 
have not been validated for other types of trauma. In cases 
of penetrating trauma, particularly gunshot wounds, its 
correlation with mortality is poor.'? A further deficiency 
of the ISS is that, being an anatomic index, it fails to 
adequately consider other factors that influence a patient’s 
outcome, such as degree of shock, bacterial contamina- 
tion, and blood transfusion requirements. A reference to 
the patients’ data base in Table | shows only one death 
in a group of patients with consistently high estimated 
LDs,. We chauvinistically believe this represents good and 
consistent quality care. On the other hand, it may merely 
demonstrate the failure of the ISS to reflect adequately 
the true risk to such patients. We have serious reservations 
as to the validity of this ISS and to all others as well and 
feel that an ideal index that combines both anatomical 
and physiological parameters has yet to be devised. 

Interpretation of the changes in lymphocyte subsets 
following trauma is made difficult because of the effects 
of both blood transfusion and the frequent development 
of CMV infections in this group of patients. 

The immunosuppressive effects of blood transfusion — 
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were first noted and subsequently used in renal trans- 
plantation.'© More recently, retrospective studies have 


_ shown perioperative blood transfusion to be associated 





A with increased recurrence and decreased survival following 


~ tumor surgery.!’-'? Blood transfusions have also been im- 





plicated in an increased incidence of bacterial infections 
following elective colonic operations and penetrating ab- 
dominal trauma.”’! In this study, we did not demonstrate 
an increased incidence in major infection as a conse- 
quence of large blood transfusion. Major transfusion was 
associated with an increase in the absolute number of 
circulating T-suppressor cells and increased HLA-DR 
expression on both T-helper cells and T-suppressor cells. 
The maximum increase in DR expression occurred be- 
tween | and 3 weeks following transfusion. The appear- 
ance in the circulation of atypical lymphocytes during the 
3 weeks following blood transfusion may represent a sub- 
clinical graft versus host reaction to allogenic lymphocytes 
in the transfused blood.” Experimentally, allogenic stim- 
ulation increases HLA-DR expression on lympho- 
cytes.?**4 Clinically, increased HLA-DR expression has 
been demonstrated in patients receiving repeated blood 
transfusions,” undergoing renal graft rejection,”° and 
during acute graft versus host disease.” This evidence 
suggests that blood transfusions provide a potent allogenic 
stimulus that prompts activation of both T-helper and T- 
suppressor subsets and may represent a subclinical graft 
versus host response. Clearly, this response is occurring 
in a relatively immunocompetent subject, and in all cases 
the host triumphs. 

We have failed to demonstrate any decrease in the 
helper/suppressor ratio that has been reported to be as- 
sociated with repeated blood transfusion, presumably be- 
cause the stimulation provided by massive blood trans- 
fusion is acute and not chronic as it is in those patients 
receiving repeated blood transfusions.”® 

The mean volume of blood received by patients in this 
study was 15 units, considerably more than that received 
by most patients in the literature relating to the immu- 
nosuppressive effects of blood transfusion.”’ Clearly, the 
immunological challenge of a large bolus of blood may 
elicit a different response than smaller volumes or repeated 
transfusions over a long period; this may preclude direct 
comparison of our results with those of others. 

The development of active CMV infection following 
blood transfusion is well documented. In patients exhib- 
iting clinical manifestations of CMV infection, charac- 
teristic changes in lymphocyte subsets include a reversal 
of the normal helper/suppressor ratio resulting predom- 
inantly from an increase in the absolute number of T- 
suppressor cells?! and increases in both natural killer 
and functional suppressor subpopulations.'*'! The lym- 
phocyte response to both mitogenic and antigenic stimuli 


* is reduced," but natural killer cell function is unaffected.” 
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Our study has confirmed the association between in- 
creased natural killer and functional suppressor cell num- 
bers and CMV infection but has failed to demonstrate 
any significant changes in the T-helper/suppressor ratio 
or the numbers of T-helpers or T-suppressors. HLA-DR 
expression on lymphocytes has been shown to be increased 
in CMV infections.”° In this study, increased lymphocyte 
HLA-DR expression was seen in patients with CMV, but 
the cause of this appeared to be blood transfusion. The 
absence of some of the lymphocyte changes previously 
reported may be explained by the subclinical nature of 
the CMV infections exhibited by this patient group. Rein- 
fections or reactivation of latent infections generally run 
a less severe clinical course, and this is probably reflected 
in lesser immunological disturbance. The high rates of 
active infection found in this study as compared to others 
are fully consistent with the relatively large volumes of 
blood transfused, the risk of developing CMV infection 
being proportional to the volume of blood received. De- 
spite the high incidence of CMV infection in this study, 
there was no associated increase in major bacterial infec- 
tion. 

There have been relatively few studies of the effects of 
severe bacterial sepsis on T-cell subsets. In a study of a 
group of heterogeneous septic patients, multiple T-cell 
abnormalities were present, the degree of abnormality 
being proportional to the degree of sepsis. Total T-cells 
and T-suppressor cell subsets were frequently reduced, T- 
helper cells were unaffected except in patients over 60 
years of age, and the B-cell subset was unchanged in all 
groups.” In this study, B-cells did not respond to severe 
sepsis, and there were no characteristic changes in the T4 
or T8 populations. Severely septic patients with multiple 
organ system failure showed decreases in the absolute 
number of total T-cells and T-helper cells in all patients; 
nonsurvivors were characterized by failure of the total T- 
cell, total B-cell, and T-suppressor cell populations to rise 
with therapy. None of these changes were observed in 
our study, even in our most septic patients. The most 
characteristic alterations that we noted were rises in the 
activated T-suppressor cell population during chronic 
sepsis and the lower lymphocyte number on admission 
in patients who ultimately developed major sepsis. 

Comparison of this study with others examining the 
effects of operation on T-cell subsets affords some insight 
into which changes are an intrinsic response to trauma 
and relatively free of confounding factors of transfusion 
and CMV and bacterial infection. All studies demon- 
strated a decrease in the total T-cell population between 
the first and the third postoperation days and nsing to 
within the normal range again by day 7.745 In one study, 
this decline correlated well with the peak of circulating 
serum cortisol,’ and this probably represented a redistri- 
bution of lymphocytes to the tissues and bone marrow. 
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As in this study, the decline in total T-cell numbers was 
mirrored by changes in the T-helper and T-suppressor 
populations. The B-cell populations were relatively un- 
changed by surgical trauma. The T-helper/suppressor ratio 
response seen in this study, i.e., an initial slight decline 
followed by a rapid increase always within the normal 
range, confirms that found previously following operative 
trauma” and multiple trauma without sepsis.** Following 
both thermal and nonthermal injuries, the total T-cell 
population has been shown to decrease, the decline being 
more prolonged in thermal trauma.*” Nonthermal trauma 
had little effect on T-helper or T-suppressor numbers nor 
did they change in response to subsequent sepsis. In the 
thermally injured patients, those with over 30% total body 
surface area burns had significantly reduced T-helper cells 
up to 50 days following injury, this effect being most 
marked in those patients who developed sepsis. 

Initiation of an antigen specific T-cell response requires 
that the antigen be presented to the lymphocyte in con- 
junction with HLA-DR. Appropriate presentation of an- 
tigen to T-helper cells stimulates production of interleukin 
2 (IL2) and gamma interferon (IFN-gamma), which fa- 
cilitate subsequent T- and B-cell responses. 

In this study, patients who developed major infections 
had lower monocyte HLA-DR expression (MO.,-DR) 
during the 4 weeks following trauma. Whether this rep- 
resents the cause of the infection or merely a manifestation 
of it is not clear, although we have shown that patients 
likely to develop sepsis can be identified very early in their 
course by plotting the degree of monocyte HLA-DR 
expression against the ratio of activated (HLA-DR ex- 
pressing) lymphocytes to total lymphocytes. 

Patients with the acquired immune deficiency syn- 
drome (AIDS) have significantly decreased HLA-DR 
expression on their monocytes.” Whether this represents 
a primary abnormality or is secondary to a reduction in 
circulating IFN-gamma, resulting from the selective loss 
of T-helper cells characteristic of the syndrome, is not yet 
clear.” Experimentally, human monocyte HLA-DR 
expression and murine expression of the equivalent an- 
tigen (Ia) is decreased by steroids‘? and prostaglandins.*! 
Lipolysaccharide has been shown to inhibit IFN-gamma 
stimulated monocyte DR expression." In the injured pa- 
tient, both endogenous glucocorticoids and prostaglandins 
may contribute to reduced monocyte HLA-DR expres- 
sion. Further decreases may be caused by blood transfu- 
sion, which has been shown to increase prostaglandin E2 
production,*? and the presence of gram-negative bacterial 
infections, which might cause an increase in the level of 
circulating liposaccharide. Although HLA-DR expression 
by monocytes is of crucial importance in effective antigen 
presentation to T-cells, other factors including monocyte 
interleukin-! production appear to be involved.***5 

Effective opsonization of bacteria is an essential pre- 
requisite to phagocytosis and intracellular killing. We have 
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studied three patients, one of whom was in the trauma 
study group, who demonstrated ineffective opsonization 
during their illnesses, and, in each case, this was associated 
with a fatal outcome from sepsis. Alexander and associ- . 
ates*® have shown that severe sepsis may result in a con- 
sumption of opsonic proteins such that depletion and 
subsequent failure of opsonization follows. In that study, 
the severity of infection was proportional to the degree of 
complement depletion, and this correlated well with 
functional assays of the capacity of serum to support 
phagocytosis and clinical outcome. Independently, we 
have confirmed that failure of opsonization is an indicator 
of fatal sepsis.*’ Keusch and associates have similarly de- 
scribed the failure of diluted serum to support opsoni- 
zation in depleted and/or debilitated individuals.* In burn 
patients it has been shown that, with the exception of 
properdin, the concentrations of complement components 
of both classical alternative pathways remain within or 
above the normal range even in the presence of nonfatal ` 
sepsis. However, functional activity of both classical and 
alternative pathways was depressed during the postburn 
period, impairment of the alternative pathway being more 
prolonged. Despite these defects in the complement sys- 
tem, the serum opsonic capacity remained normal, per- 
haps being effected by heat stable opsonins that were un- 
affected by trauma, an observation compatible with our 
demonstration of elevations in heat-stable opsonic activ- 
ity, which correlated with peaks of immunoglobulin pro- 
duction as measured by ELISA. 

Many studies have demonstrated impaired in vitro che- 
motaxis in both thermal and nonthermal trauma.°°-*? 
However, most of these studies have subsequently shown 
the defect to reside wholly or partly in the serum of the 
patient rather than to be an intrinsic cellular defect. Good 
correlation between impaired chemotaxis and subsequent 
sepsis was reported in some studies*’**>? but was not 
confirmed by others.°' Extensive previous studies in this 
laboratory have failed to show evidence of diminished 
chemotactic activity in vitro, and, for this reason, such 
studies were not undertaken. Intrinsic cellular chemotactic 
defects do occur in a spectrum of severe medical disor- 
ders,” none of which are likely to be operative in patients 
such as those reported herein. /n vivo studies of chemotaxis 
were not done in these patients but will be assessed selec- 
tively in future trials. 

Our studies of neutrophil bactericidal capacity were 
undertaken using flow cytometric techniques and mea- 
sured the capacity of neutrophils to generate oxidative 
bursts. Gradient separation of neutrophils was not used, 
since this had previously been found to irreversibly stim- 
ulate neutrophil function in this assay. Our results were 
uniformly inconclusive and failed to correlate with the 
development of sepsis or other clinical events. We did ; 
examine the mean generation of oxidative burst metab- ~ 
olites amongst all neutrophils. Recent evidence has sug- 
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TABLE 5. Assignment of Value of Parameters Studied with Respect to Their Contributions to the Development of Infection in Injured Patients 


Unhealthy - 
Healthy Response Response No Apparent Association Unknown Effects 
A Low transfusion High transfusion Active CMV infection 
7 Total T-cells 
Rapidly normal Antigen presenting Slowly normal T-helper cells 
monocytes ~ T-suppressor cells 
(MODR) 
High MO,-DR T4 vs. MODR Low MODR Helper/suppressor ratio 
High T4 Days 2-5 (Fig. 7) Total B-cells 
High plots Activated T/total T Low plots Natural killer cells 
ys. MODR Functional suppressor cells 
Day 1 (Fig 8) Activated helper cells 
Increased activated suppressor 
T-cells—chronic infection 
Increased Opsonic activity in Decreased _ Ability to retain opsonic activity 
diluted serum despite heat inactivation 
(Fig. 10) 
Sharp increase in IgM in Inability to Resting monocyte/PMN activity 
response to infection increase IgM Specific immunoglobulins for 
in response to Escherichia coli, Pseudomonas 
infection , aeruginosa 
gested that the neutrophil population of septic patients is Addendum 


heterogeneous and contains a subgroup of primed cells 
that have an increased capacity to generate oxidative burst 
metabolites." Further studies of the proportions of primed 
and unprimed cells in septic patients and their respective 
capacities to generate oxidative burst metabolites may 
prove fruitful. ' 

Both surgery and trauma have been associated with the 
anergic state as demonstrated by skin testing.**** The de- 
gree of anergy was associated with both age and degree 
of trauma and was alleged to indicate an increased risk 
of subsequent sepsis.” A later study”? demonstrated that 
anergy was associated with increasing age, hypoalbumin- 
emia, and reduction in other nutritional parameters but 
not with subsequent sepsis. In this study, a very high 
number of patients were anergic on admission, probably 
reflecting the severity of their injuries. We are unable to 
confirm the usefulness of skin testing on admission as a 
predictor of sepsis; however, we did observe specific IgG 
and IgM responses to gram-negative organisms in anergic 
patients, indicating that anergy does not reflect a global 
depression of the immune system. 

This complex analysis of many parameters in patients 
who have been badly injured and at major risk for bacterial 
infection requires careful study, and we have already al- 
luded to the very real possibilities of types 1 and 2 statis- 
tical errors in the interpretation of such a complex se- 
quence of observations. Table 5 reflects our conclusions 
regarding this inquiry and groups the parameters studied 
with respect to their ability to characterize a healthy or 
an unhealthy response to injury and contamination or to 
have no apparent effect or an as yet to be determined 
effect. We trust that these observations will stimulate oth- 
ers to concentrate their efforts on those inquires, which 


pa might tell us more about the meaningful intrinsic abnor- 


malities and responses of the injured patient. 


Since this paper was completed, six more patients have been studied. 
Three of these patients have died. Preliminary analysis of the data avail- 
able on these patients support the hypotheses presented in this paper, 
particularly those relating to the role of the antigen presenting monocyte 
as a marker and predictor of infection. 
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DISCUSSION 


Dr. PAUL TARTTER (New York, New York): I want to thank Dr. 
Polk for asking me to discuss this paper. He provided me with copies of 
the manuscript in draft form and in final form. I was asked to discuss 
the paper because of.my work and interest in blood transfusions and 
their link to clinical phenomena that ` we have previously attributed to 
immune suppression. 

We are all aware and were reminded today that blood transfusion 
prior to kidney transplantation is associated with immune suppression 
and prolongation of rénal allograft survival. In addition, Dr. Polk alluded 
to some recent studies in the literature linking periaperative blood trans- 
fusion at the time of tumor resection to subsequent recurrence of ma- 
lignanicjes. 

' | think the work that really relates to this presentation is that linking 
blood transfusion to septic complications. There is one study I am aware 
of that is a multifactorial study of penetrating abdominal trauma where 
blood transfusion was an independent factor influencing the risk of sub- 


4, sequent infection. In my own work I have found that transfused colorectal 
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cancer patients have twice the risk of developing infections complications 
after surgery compared to untransfused patients. 

The only experimental work in this field that I am aware of is from 
the Shriners Burn Unit in Cincinnati, where rats that were subjected to 
30% body burn following allogeneic transfusion had impaired immune 
function, and they also had 2.5 times the septic risk of animals subjected 
to syngeneic transfusion: 

There are many ways that blood transfusions could affect the i immune 
system. It is probable that several different mechanisms are responsible 
for the observed effects in the different clinical, situations. One has’ to 
kéep in mind that blood banking and blood transfusions have been re- 
sponsible for significantly lowering surgical mortality in this century, 
and millions of lives have been saved because of this therapeutic modality. 
Thus, we need to continue to transfuse patients to replenish blood ele- 
ments as clinically indicated. We also should continue to study the im- 
mune consequences ‘of blood transfusions and of other therapeutic mo- 
dalities that we commonly employ and that as yet have not been studied. 

This is a very important paper. It is the most comprehensive study of 
immune function’in trauma patients to date, and it is the first to relate 
changes i in immune function following trauma to blood transfusion. 
Further studies of immune function in trauma patients will not be able 
to ignore blood transfusion as a factor influencing the putconie. 

Since this field is well suited to experimental models, I would like to 
ask the authors if they could tell us about any erpaument) work they 
have been doing in parallel to these studies. 


Dr. JOHN A. MANNICK (Boston, Massachusetts): I too am grateful to 
Dr. Polk for having provided me with a copy of his manuscript. 

Dr. Polk has provided us with an enormous amount of immunological 
data in the form of serial observations on groups of patients who were 
seriously injured. What are we to make of all this? My own conclusion 
is, not much. The reason is that the subgroups are very small in this 
series. It is an ongoing series, I assume, and we are yet unable to find 
statistical validity in many of these observations because of the size of 
the sample population. 

A number of laboratories, including our own, have made observations 
over the years on T-lymphocyte subget alterations after trauma and after 
burn injury. I agree with Dr. Polk that it is much more difficult to show 
consistent alterations in T-cell subset ratios after major trauma than it 
is after major burn injury, where one can deal with a somewhat more 
cohesive population. 

However, I think his conclusion that there is nothing to be learned 
from T-cell ratios is perhaps wrong, in that the normal variation in his 
control population was 80 large that two standard deviations away from 
the norm would be outside the limits of any otservation we haye ever 


pa made in any patient no matter how sick. I think a mote tightly controlled 
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series of normal observations 1 in his lab might allow very different con- 
clusions. 

I think that it also might be a mistake to conclude that activation 
markers on these lymphocyte subsets truly indicate that they are activated. 
Activation markers are only antigens on the cell surface; and one has to 
show, before one talks about activation, whether the cells are actually 
doing something other than making the markers. 

(Slide) As you can’ see here, in burn patients who have activation 
markers on their suppressor T-cells, ‘the problem is that the suppressor 
T-cells do not seem to be doing what they are supposed to do, that i iS, 

suppressing B-cells from’ making immunoglobulin. In fact, major burn 
patients make much more immunoglobulin i in response to a standard 
stimulus than do norma] individuals, suggesting that these supposedly 
activated suppressor T-cells are actually not doing anything at all. There- 
fore, I am loath tq conclude at the moment that the activation markers 
have great meaning in the population being described today. 

I do think that there are some intriguing observations in this data 
concerning the monocyte activation markers and their relationship with 
recovery from sepsis, and the question of opsonization. This has been 
going round and round for mahy years. Wes Alexander was once very 
enthusiastic about it; and if I interpret his latest data correctly, Wes no 
longer believes that measuring opsonic capacity in the serum, at least i in 
major burns, has much predictive value: 

I would certainly urge Dr. Polk to continue these studies and try to 
find whether; in prospective analyses of patients, any of these tests really 
yield predictive information. about the occurence of sepsis. 


Dr. BASIL A. PRUITT, JR. (Fort Sam Houston, Texas): I apologize for 
rising for two consecutive papers, but Dr. Polk very kindly provided me 
with his manuscript, and I would like to compliment him and his col- 
leagues on their detailed examination of the effect of injury on many 
facets of the i immune system. 

Of particular interest are their findings of tranfusion-related changes 
in lymphocyte populations with an early depression and a subsequent 
rise in leukocyte number in those patients receiving what are termed 
large transfusion volumes. The findings of a strong association of de- 
creased monocyte antigen presenting capacity and sepsis, a poor corre- 
lation of injury severity scores and outcome, and a poor correlation 
between skin test anergy and infection’ all help place various assays of 
immune function in perspective, and emphasize the difficulty i in sepa- 
rating cause from effect in clinical studies of sepsis. 

Several questions occur, the answers to which will help us interpret 
these data. First, was the purity of the lymphocyte populations verified 
histologically, since nonlymphocytes may contarninate subpopulations 
to a variable extent following injury? This is particularly true in burn 
patients. 

In Figure 7, relating T helper cells and antigen presenting monocytes 
to infection, the partitioning suggests that higher numbers of T helper 
cells increase the occurrence of infection, and I wonder whether the 
small number of cases justifies that implication. Since viral infections in 
various animal modéls increase the risk of bacterial infection, the authors 
attribution of a protective effect to cytomegalovirus (CMV) infections is 
troublesome. Inasmuch as the CMV titers were strongly associated with 
transfusion volume, one must ask whether the effect of CMV infection 
was simply obscured by the transfusion effect? 

Lastly, since antibiotics ‘and vasoactive mediators can affect leukocyte 
function, how were those variables controlled? In fact, the dilution studjes 
for opsqnizing activity would suggest that there were circulating inhibitors 
present rather than some intrinsic change having occurred. 


Dr. R. FOSTER (Vermont): I enjoyed this paper and would like to 
focus on the issue of transfusions. We, as well as Dr. Tartter and others, 
have noted a strong inverse association between the number of blood 
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transfusions and survival after resection in both lung and colon cancer. 
The obvious question is whether this is only an association or a cause 
and effect relationship. 

The question in my mind is what component of the blood transfusions 
is related to the immune changes. The tmmune changes clearly occur, 
and they clearly are beneficial in the transplant patient situation. Perhaps 
Dr. Polk has looked at different types of blood preparations. Extremely 
well-washed preparations of red blood cells are produced in the process 
of freezing and thawing blood, and you are left with the relative absence 
of platelets and leukocytes. My question to the authors is: haye they 
looked at other types of blood preparations to see whether the same 
immune changes occur in other transfused patient populations? 


Dr. GEORGE H. A. CLOWES (Boston, Massachusetts): Dr. Polk has 
emphasized the importance of the immunological response to the avoid- 
ance of infection and in fact to survival. Actually, this is only part (and 
maybe not the major part) of the total alarm and survival response that 
the patient must go through following big injury. Of course, I refer to 
the function of organs, the production of energy, and in addition the 
synthesis of proteins. 

Last year, we presented to this Association the fact that certain patients 
do not survive infections if they are not making adequate proteins in 
response to the stimulus that we now think is primarily emanating from 
the macrophage. Therefore, I think the important thing he showed us 
this afternoon was differentiation between people who got major infec- 
tions and those who did not based on macrophage function. 

I-would like to ask Dr. Polk, besides an injury severity score as a 
- delineator of the total magnitude of cellular damage, whether he has 
data that would be pertinent to assessment of the whole response to the 
trauma or infection. This would include the rates of protein synthesis 
and energy production of the recovery pattern. One without all the others 
is not entirely meaningful, since suppression of the T, helper cells and 
NKC is also associated with reduced hepatic protein synthesis in response 
to IL-1 and PIF. 


Dr. JOHN R. BORDER (Buffalo, New York): Since this is the field of 
my greatest interest, I have a few questions. 

I saw no comment on oxygen transport during surgery, and I would 
suggest that this is much more important in terms of wound infection 
than almost anything else. Thus, what was their oxygen transport during 
surgery? Do you have PO,=s and urine outputs? Is your high blood trans- 
fusion—high sepsis rate related to inadequate oxygen transport and nothing 
else? 

My next question: Since you are apparently showing blunt trauma 
patients, and there is a strong association between fracture management 
and pulmonary failure in the septic state and subsequent wound com- 
plications with delayed surgery, what was done with the fractures? 

The next question: What protein support did they receive? George 
Clowes has asked this in one way. How many grams of protein per 
kilogram per day did they get? How soon did you get up to where you 
planned to be? How much was enteral? What does that do to these 
measurements? I think it probably does quite a lot. 

A question of infection: What do you mean by infection? Is this a 
bacteremia or a wound infection? They are different things, I think. 
Thus, I would like to know a lot more about these patients. 

My final question: We see the same thing with injury severity scores 
that you see—a much lower mortality rate than is predicted from the 
major trauma outcome study. Do you have any comments on why yours 
is lower, and how do you explain that? 


PROFESSOR PETER J. Morris (Oxford, England): I enjoyed the paper, 
which deals with a most difficult subject, but I think that it is going to 
be incredibly difficult for the people working with massively injured 
patients to detect specific changes in the immune response. Even ip the 
experimental transplant model where one can construct a relatively simple 
model compared to the immensely complex problem of the injured pa- 
tient, we really still have more cue than we have answers about 
what happens i in almost any situation. 
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For example, in the field of transplantation, we have been through 
the era of detecting various T-cell populations and trying to define changes 
with respect to rejection. Having been through a very exciting period, 
we have now more or less all agreed that these changes do not mean 
anything. 

The crux of the problem is that we have also recognized in our ex- / 
perimental model that detecting cell populations on the basis of markers 
does not really tell us what their function is. For example, a marker that 
detected T cytotoxic cells also labels T suppressor cells. Marker: tbat 
detect T helper cells may also be cytotoxic or suppressor cells. Thee are 
the problems that have emerged in our business, which seem to me to 
make it increasingly difficult in man to try to sort out this very complex 
immune response that presumably is going on (or trying to go on) if the 
multiply injured patient. 

The same problem, I think, applies to the transfusion question. Iti 1S 
now nearly 13 years since this observation was made in human renal . 
transplantation. We do not really know for sure how the mechanism of 
the transfusion effect is produced. We are starting to get some good 
handles on this in experimental animals, but we still cannot ‘demonstrate 
these changes in the human. 

However, I think one observation that is relevant to the injured patient 
studies is that we know that-even one transfusion will produce the trans- 
fusion effect in man, and’ although many will perhaps produce a more 
dramatic effect, once you get over two or three that effect disappears. 
Thus, in multiply injured patients, where they are all getting on the~ 
whole at least four or five transfusions, to demonstrate a difference be- 
tween someone who has had 30 transfusions and someone who has had 
five is unlikely to be successful. 


Dr. CHRISTOPHER GEORGE (Closing discussion): We would like to 
thank the discussants very much for their comments. I will attempt to 
answer them in order. - 

Dr. Tartter, thank you for detajling some of your work with blood 
transfusion and its current relevance to surgical practice. We recognize 
that we are dealing with a different transfusion population and believe 
our results conflict with yours for that reason. We are conducting ex- 
periments in our laboratory to determine whether blood transfusion in 
an animal model alters the response to a bacterial challenge. The results 
are inconclusive at present although further experiments are currently 
in progress, ` 

Dr. Mannick, thank you very much for your comments. We hope, 
by this pilot study, to have defined some areas worthy of further inves- 
tigation and others that appear not to be relevant. Our decision to con- 
centrate on victims of blunt and penetrating trauma as opposed to thermal 
trauma was deliterate. The septic complications that follow nonthermal 
injury are more often acute, well defined, and localized as opposed to 
the diffuse, ongoing infection that may complicate thermal trauma. We 
have indicated our difficulty in defining the precise time of onset of sepsis © 
even in nonthermally injured patients, and referenced this in the manu- 
script. It follows that there is associated difficulty in interpretation of the 
T-cell and monocyte data. These problems seem to be compounded in 
cases of chronic or ongoing sepsis. 

With regard to your comments on the HLA-DR markers on lympho- 
cytes and monocytes, we would agree with many of your reservations. 
However, the expression of HLA-DR on monocytes seems to be essential 
for effective antigen presentation to T-cells and much of the subsequent 
cellular response. We feel that it is a relevant marker, although we ap- 
preciate that the interleukins, other intercellular mediators, and.perhaps 
other surface antigens are also. involved. 

Dr. Pruitt, the flow cytometer in our laboratory defines the lymphocyte 
population on the basis of the forward angle and right angle light-scattering 
characteristics of the cells. Having accurately defined the lymphocyté 
region using these parameters, the varioys monoclonal markers within 
that region are then analyzed. The data we have obtained in this study 
and in control experiments support our belief that the lymphocyte pop- 
ulations we have studied are pure. 

I am unable to answer your question about the unexpected results 
regarding the association between active cytomegalovirus infection and 
the absence of subsequent bacterial infection. We are aware that active 
viral infections of many sorts, including cytomegalovirus, are frequently 
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associated with bacterial viral and other opportunistic infections. This 
is rather mysterious to us as well at this time, and we hope that it will 
be clarified as further patients are studied. 

With regard to the capacity of patient’s serum to support opsonization, 
we did not specifically look for serum inhibitors that have been reported 
following trauma. In our assay, we were looking at thé capacity of the 
patient’s serum to support phagocytosis by normal neutrophils obtained 
from a healthy volunteer. The target cells for phagocytosis were killed 
Staphylococcus aureus labeled with Texas red. The target cells were in- 
cubated in the patient’s serum and then washed before incubation with 
the normal neutrophils. After washing, the concentration of free serum 
inhibitors would be likely to be extremely low and unlikely to affect the 
neutrophils during the second incubation. 

Dr. Foster, we think the idea of using washed red cells or frozen- 
thawed red cells is a very good one, and we hope to do this as a further 
part of a subsequent study. 

I would like to answer Drs. Clowes and Border together. Much of the 
clinical data regarding the nutritional and respiratory management of 
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our patients is included in detail in the manuscript. We saw no overt 
evidence of starvation amongst our patients. Furthermore, that 19 out 
of 20 patients with a mean injury severity score of over 30 actually 
survived and left the hospital is a testament to the fact that their ventilatory 
and nutritional care was at least satisfactory. 

Professor Morris, thank you for your comments, and particularly for 
summarizing so nicely many of the problems intrinsic to this study. At 
the outset of this study, we initially thought that we could study the 
effect of trauma on a spectrum of immunological parameters. During 
the course of the study, it has become apparent that many of these pa- 
rameters are greatly influenced by other factors, particularly blood trans- 
fusion, cytomegalovirus infection, and bacterial infection. The interpre- 
tation of the data and unravelling the interactions between these factors 
are difficult. We believe that we have made a start in identifying some 
factors worthy of further examination and hope that other investigators 
will use our findings to direct other similar studies and as a springboard 
to further clarify the physiologic significance of injury, transfusion, and 
infection. 
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During the past decade, nine patients with bacterial endocarditis 
have required management of mycotic emboli and/or aneurysms 
in this center. In these patients, 25 separate mycotic emboli or 
aneurysms were identified. Among these were four visceral, 11 
lower extremity, one aortic, one hypogastric, and eight cerebral 
lesions. Multiple sites were involved in seven of the nine patients 
(78%). Presenting symptoms were secondary to acute expansion 
of mycotic aneurysms in three patients and secondary to rupture 
of aneurysms in four patients. Mycotic emboli produced cerebral 
infarction in two patients and acute ischemia in six patients. 
Asymptomatic mycotic aneurysms of the middle cerebral, he- 
patic, hypogastric, and profunda femoris arteries and asymp- 
tomatic emboli to the profunda femoris and tibial arteries were 
found during angiographic study. Management included resection 
alone (7 aneurysms), resection and graft replacement (2 aneu- 
rysms and 2 emboli), embolectomy (2), or observation. There 
was no mortality or loss of limb in these patients. This experience 
underscores the frequent multiplicity of mycotic emboli and/or 
aneurysms and stresses the importance of empiric angiographic 
survey to exclude silent yet potentially lethal visceral and cerebral 
mycotic foci in patients with bacterial endocarditis and peripheral 
emboli or aneurysms. 


ACTERIAL ENDOCARDITIS and its lethal sequelae 
were topics of widespread interest and practical 
concern during the latter half of the nineteenth 

century and the pre-antibiotic era of the early twentieth 
century. Throughout that period, however, interest was 
primarily observational and knowledge accumulated from 
the inevitable termination of the disease, the postmortem 
examination. Nevertheless, Wiliam Osler’s 1885 Guls- 
tonian Lectures to the Royal College of Physicians of 
London entitled “Malignant Endocarditis”! remain es- 
sentially unaltered 101 years later in their descriptive ac- 
curacy of the pathogenesis and clinical course of the un- 
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treated disease. His coinage of the term “mycotic” and 
description of the metastatic abscesses from infected mi- 
croemboli provided increased awareness of the relation- 
ship between endocarditis and multiple peripheral infected 
arterial lesions in young patients. 

In the era since the introduction of organism-specific 
antibiotics, the prevalence of bacterial endocarditis has 
been dramatically reduced. Likewise, once present, the 
probability of its eradication prior to the development of 
symptomatic mycotic emboli and embolomycotic aneu- 
rysms has been improved. Concomitant with this de- 
creasing frequency of fulminant bacterial endocarditis and 
its sequelae has been an increase in the reported cases of 
noncentral causes of mycotic aneurysms. This increasing 
heterogeneity of other, local causes of mycotic aneurysms 
has apparently led to a dilution of previously held con- 
victions regarding the clinical presentation of lesions as- 
sociated with bacterial endocarditis and has eroded our 
working knowledge of the important peculiarities of such 
lesions, for recent literature is devoid of a reaffirmation 
of their propensity for silent, potentially lethal multiplicity. 

During the past 10 years, nine patients with bacterial 
endocarditis and associated mycotic emboli and/or em- 
bolomycotic aneurysms have been managed at Vanderbilt 
University Affiliated Hospitals. This report summarizes 
that experience and reasserts the clinical feature of mul- 
tiplicity of such lesions. 


Patients 


Nine patients with bacterial endocarditis have required 
management of mycotic emboli and/or embolomycotic 
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* Time interval represents interval between initial and subsequent event and 
interval between each of multiple events. 


aneurysms at the Vanderbilt University Medical Center 
and the Metropolitan Nashville General Hospital between 
January 1, 1976, and December 31, 1985. Ages at the 
time of presentation ranged from 5 years to 59 years 
(mean: 31 years). All patients were male. A summary of 
their initial status and clinical course is shown in Ta- 
ble 1. 

Predisposing factors recognized as potentially increasing 
the risk of developing bacterial endocarditis in these pa- 
tients included a 2-month history of treatment for rheu- 
matic fever in a 5-year-old boy, immune incompetence 
in a 44-year-old man with B-cell lymphoma, and a long 
history of repetitive intravascular injections in four pa- 
tients with high dose drug addictions. No obvious pre- 
disposing factor increasing the risk for development of 
bacterial endocarditis could be identified in four patients. 

All patients had physical findings and diagnostic studies 
consistent with cardiac valvular vegetations as the source 
of emboli and aneurysms. Physical examinations revealed 
cardiac murmurs consistent with either aortic (4 patients) 


à or mitral (5 patients) regurgitation. Subsequent echocar- 
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TABLE 1. Summary of Clinical Presentation 
Subsequent Events 
Initial Presentation Current Status 
Case Predisposing Subsequent Time 
# Age factor Presenting Symptom Lesion Symptoms Interval* Lesion Follow-up Status 
l 37 Drug abuse Confusion, lethargy Right brain abscess Left hemisphere 70 days Ruptured cerebral 4 mo Siable 
{embolus} stroke aneurysm 
2 31 Drug abuse Tender, popliteal mass Popliteal aneurysm Right hemisphere 10 days Right cerebral embolus 6 mo Stable 
transient and left cerebral 
ischemic attack aneurysmst 
3 20 None Right hemisphere stroke Ruptured right Ischemic right leg 10days Right external iliac 9 yr Stable 
cerebral pain embolus and left 
aneurysm popliteal embolust 
4 38 Drug abuse Tender neck mass, calf | External carotid None 5 mo Severe 
tenderness aneurysm, congestive 
posttibial heart failure 
embolus and 
profunda 
femoris embolus 
5 44 Immune Hypotension, abdominal Ruptured splenic Ischemic leg pain 60 days Superficial femoral 
incompetence pain aneurysm embolus 
(lymphoma) 
p Abdominal pain 62 days Superior mesenteric 3 yr Died 
embolus (lymphoma) 
6 27 Drug abuse Abdominal pain Ruptured left None 21 days Right hepatic 6 yr Stable 
hepatic aneurysmt 
aneurysm 
None 90 days Hypogastric aneurysmt 
Amaurosis fugax {80 days Ophthalmic embolus 
7 5 Previous Abdominal pain Aortic bifurcation None 6 yr Stable 
rheumatic aneurysm 
fever 
8 22 None Calf pain Posttibial embolus; None 4 yr Stable 
profunda 
femoris 
aneurysms X 2t 
9 59 None Ischemic foot pain Popliteal embolus None 2 yr Stable 


+ Asymptomatic lesions found during angiography. 


diography confirmed the presence of vegetations at these 
sites. 


Clinical Presentation 


A history of myalgias, arthralgias, and spiking fever 
was present in all patients and ranged in duration from 
1 week to 2 months prior to admission. Symptoms re- 
ferrable to mycotic emboli and/or embolomycotic aneu- 
rysms were present in only four of the patients at the time 
of hospitalization. Initial symptoms of emboli or aneu- 
rysms developed from 2 days to 2 months after initiation 
of treatment for endocarditis in the remaining five pa- 
tients. 

In total, 15 lesions were symptomatic at the time of 
their identification. Symptoms associated with these le- 
sions included: acute onset of lateralizing hemispheric def- 
icits secondary to ruptured intracerebral aneurysms (cases 
1 and 3) and a cerebral embolus (case 1); progressive de- 
velopment of lethargy and confusion in one patient with 
an intracerebral abscess secondary to embolization (case 
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TABLE 2. Sites of Involvement (9 Patients) 
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2); amaurosis fugax secondary to ophthalmic emboli (case 
6); progressive enlargement of tender, pulsatile masses lo- 
cated in the neck (case 4), abdomen (case 7), and popliteal 
fossa (case 2) secondary to enlarging aneurysms at these 
sites; tender epigastric masses and hemodynamic insta- 





FIG. 1. Arteriogram performed during evaluation of a tender. pulsatile 
midabdominal mass in a 5-year-old boy (case 7). The aneurysm was 
managed initially by excision alone, yet unequal lower limb growth led 
to placement of an aortobilateral femoral Dacron® graft 5 years later. 
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bility secondary to ruptured hepatic (case 6) and splenic 
artery (case 5) aneurysms; acute onset of crampy abdom- 
inal pain secondary to a superior mesenteric embolus (case 
5); evidence of progressive lower limb ischemia secondary 
to external iliac (case 3), superficial femoral (case 5), and ` 
popliteal (case 9) emboli: and transient calf tenderness 
without ischemia secondary to a posterior tibial artery 
embolus (case &). 

Sequential presentations of more than one event oc- 
curred in four patients (cases 1, 3, 5, and 6) with intervals 
of 10 days to 6 months between the respective events. 
Three of the remaining five patients (cases 2, 4, and 8) 
had multiple sites with either symptomatic or silent lesions 
at the time of their initial evaluation. 


Presentation of Lesions 


Lesions identified during diagnostic evaluations are 
summarized in Table 2. In total, 25 sites of involvement 
ultimately were identified in the nine patients. Eight em- 
bolic phenomena produced recognizable symptoms. 
These included emboli to intracranial vessels (cases 1, 2, 
and 6), the superior mesenteric and superficial femoral 
arteries (case 5), the external iliac artery (case 3), the pop- 
liteal artery (case 9), and the posterior tibial artery (case 
8). Three additional silent emboli to the profunda femoral 
artery (case 8), the popliteal artery (case 3), and the pos- 
terior tibial artery (case 4) were identified during angio- 
graphic evaluations. 

A total of 14 embolomycotic aneurysms were identified 
in the nine patients. Seven aneurysms were symptomatic 
at the time of their discovery and four of these had rup- 
tured prior to identification. These latter four lesions in- 
cluded two ruptured middle cerebral artery branch aneu- 
rysms (cases | and 3), one ruptured splenic artery aneu- 
rysm (case 5), and an intrahepatic rupture of a left hepatic 
artery aneurysm (case 6). The three aneurysms that ap- 
peared as acutely expanding masses prior to rupture were 
located in the external carotid artery (case 4), the aortic 
bifurcation (case 7, Fig. 1), and the popliteal artery (case 
2, Fig. 2). The seven asymptomatic aneurysms located 
during angiographic studies included three small (3 mm) 
middle cerebral artery branch aneurysms (case 2, Fig. 3), 
a 1.5 cm right hepatic artery branch aneurysm (case 6, 
Fig. 4), a 1.0 cm hypogastric artery aneurysm (case 6), 
and two small (<3 mm) profunda femoris artery branch 
aneurysms (case 8). One of these patients (case 6) had the 
asymptomatic right hepatic artery branch aneurysms 
identified during initial angiographic evaluation 3 weeks 
following emergency treatment of a ruptured left hepatic 
artery aneurysm. He subsequently had the hypogastric 
artery aneurysm identified 4 months later during follow- 
up angiography. 

Particularly noteworthy is the finding that nine of the 
ten (90%) embolomycotic aneurysms that were found 
within the cranium and abdominal cavity were either 
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Fic. 2. Arteriogram demonstrating the large popliteal embolomycotic 
aneurysm in case 2, which was managed by excision and performance 
of a superficial femoral-to-posterior tibial artery bypass using autogenous 
saphenous vein. 


clinically silent (5 aneurysms) or had ruptured (4 aneu- 
rysms) at the time of their identification. Further, multi- 
ple lesions became manifest in seven of the nine pa- 
tients (78%). 


Bacteriology 


Results of bacteriologic studies performed during the 
management of the nine patients are summarized in Table 
3. Blood cultures obtained during the initial phases of 
management were positive in all patients. The offending 
organisms were Staphylococcus aureus (cases 5, 6, and 8), 
viridans streptococci (cases |, 4, and 7), beta hemolytic 
streptococci (case 3), and group D streptococci (cases 2 
and 9). Cultures obtained from two of the three excised 
aortic valves (cases 5 and 8) also were positive for the 
organisms previously found in the blood. The remaining 
valve (case 6) was sterile at the time cf excision. Organisms 
were cultured from excised vessels in only five of the nine 
patients. It should be noted that all patients had been on 
high dose systemic antibiotics for at least | week at the 
time of excision of the subsequently cultured vessels. 


Treatment 


Intravenous antibiotic therapy was maintained for at 
least 6 weeks after evidence of clinical infection had been 


MYCOTIC EMBOLISM AND ANEURYSMS 


303 





Fic. 3. Arteriogram performed in case 2, which demonstrated a small 
middle cerebral artery branch embolomycotic aneurysm. This was man- 
aged by parenteral antibiotic therapy alone. 


controlled in eight of the nine patients. One patient (case 
1) interrupted therapy after 3 weeks against medical advice 
on one occasion. 





Fic. 4. Arteriogram performed 3 weeks after emergency endoaneurys- 
morrhaphy of a ruptured left hepatic artery aneurysm and evacuation 
of the associated hematoma. This clinically silent right hepatic artery 
branch aneurysm was managed by percutaneous coil embolization and 
thrombosis. 
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TABLE 3. Bacteriology 





Organisms Results of Cultures 
Staphylococcus aureus 3 Blood 9 of 9 
Viridans streptococcus 3 Valve 2 of 3 
Beta hemolytic streptococcus | Vessel 5 of 9 
Group D streptococcus 2 





Three patients (cases 5, 6, and 8) underwent aortic valve 
replacement with procine valves from 6 to 12 days after 
initiation of antibiotic therapy. The indications for re- 
placement in these patients included the presence of florid 
aortic valvular regurgitation and progressive congestive 
heart failure in two patients and extensive vegetations and 
recurrent multiple emboli in the other patient. One patient 
(case 8) also required excision and patch closure of a sinus 
of Valsalva mycotic aneurysm. 

Table 4 summarizes the management of the 11 mycotic 
emboli and 14 embolomycotic aneurysms seen in this 
series. The mycotic emboli to the superior mesenteric and 
superficial femoral arteries were recognized soon after their 
occurrence (8 and 12 hours, respectively) and were suc- 
cessfully managed by catheter embolectomy. The sites 
where they had lodged were seen in both instances and 
were without significant perivascular inflammation. In two 
other patients, the vessel involved by the embolus had an 
intense perivascular inflammatory mass and required re- 
placement. This was performed by superficial femoral-to- 
posterior tibial artery saphenous vein bypass with excision 
of the mass in case 9 and by common iliac-to-popliteal 
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bypass with saphenous vein through the obturator fora- 
men and excision of the mass in case 3. Symptoms re- 
ferrable to the emboli had been present in these latter two 
patients for 6 and 2 days, respectively, before operation 
was undertaken. The remaining seven emboli were clin- 
ically silent (extremity emboli) or inaccessible (cerebral 
emboli) and were followed without operation. 

One aneurysm, located in the popliteal artery (case 2), 
was resected with immediate revascularization obtained 
by a superficial femoral-to-posterior tibial saphenous vein 
graft. The aortic bifurcation aneurysm presented as a rap- 
idly expanding purulent mass in the 5-year-old child (Fig. 
1) and was treated initially by excision alone. Although 
adequate collateral circulation maintained distal limb 
perfusion, an aortobilateral femoral Dacron® graft was 
inserted 5 years later to manage unequal limb growth. 
Seven additional aneurysms were treated by resection or 
obliteration alone. These included two intracranial aneu- 
rysms, one external carotid artery aneurysm, one splenic 
artery aneurysm (with splenectomy), and two intrahepatic 
aneurysms. Four of these seven aneurysms had ruptured 
before treatment. One of these patients required evacu- 
ation of an intrahepatic hematoma and endoaneurys- 
morrhaphy of a ruptured left hepatic artery aneurysm and 
percutaneous selective coil embolization of a subsequently 
identified right hepatic artery branch aneurysm (Fig. 4). 
Five additional embolomycotic aneurysms were followed 
without intervention. These included three asymptomatic 
middle cerebral artery branch aneurysms measuring from 
2 to 3 mm in diameter (case 2) and two similarly small 
profunda femoris artery branch aneurysms (case 8). 


TABLE 4. Management of Mycotic Emboli and Embolomycotic Aneurysms 


Case # Initial Lesion Treatment Additional Lesions Treatment 
| Right brain abscess (embolus) “Burr hole,” drainage Ruptured left cerebral “Chipping” 
aneurysm 
2 Popliteal aneurysm Replacement Left cerebral embolus Observation 
Cerebral aneurysms X 3 Observation 
(0.2, 0.3, 0.3 cm diameter) 
3 Ruptured left cerebral Resection Right external iliac embolus Replacement 
aneurysm 
Left popliteal embolus Observation 
4 External carotid aneurysm Resection Tibial emboli Observation 
Profunda femoris emboli Observation 
5 Ruptured splenic aneurysm Splenectomy Superior mesenteric embolus Embolectomy 
Superficial femoral embolus Embolectomy 
6 Ruptured left hepatic Endoaneurysmorrhaphy Right hepatic aneurysm Embolization 
aneurysm 
Hypogastric aneurysm Resection 
Ophthalmic embolus Observation 
7 Aortic bifurcation aneurysm Staged replacement None — 
8 Tibial embolus Observation Profunda femoris aneurysm xX 2 Observation 
{0.2, 0.2 cm diameter) 
9 Popliteal embolus Replacement None — 


} 
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Results of Treatment 


There were no deaths or major complications associated 
with aortic valve replacements or management of the my- 
cotic emboli and embolomycotic aneurysms in this series. 
Vascular reconstructions have remained patent through- 
out the duration of follow-up ranging from 3 months to 
9 years as depicted in Table 1. Two patients require med- 
ications for treatment of seizure disorders as sequelae of 
ruptured cerebral aneurysms. One patient (case 5) died 
from progression of his underlying disease, lymphoma, 3 
years after treatment. Seven of the eight surviving patients 
remain in stable health. One patient, case 4, has severe 
aortic, mitral, and tricuspid regurgitation and decompen- 
sated congestive heart failure. He continues to exhibit high 
dose drug abuse, however, and refuses further therapy. 

Finally, repeat angiography performed after | month 
revealed that both the previously noted middle cerebral 
artery branch aneurysms (case 2) and the profunda femoris 
artery branch aneurysms (case 8) had reduced in size when 
compared to the initial studies. Both sites have remained 
asymptomatic after 6 months and 4 years, respectively. 


Discussion 


The first description of an embolomycotic aneurysm 
was probably made by Koch in 1851.’ His patient, a 22- 
year-old man who was being treated for endocarditis, was 
found to have mitral valve vegetations and a ruptured 
aneurysm of the superior mesenteric artery at postmortem 
examination. Eppinger,’ using careful bacteriologic tech- 
nique, was the first to make a correct association, however, 
between the infected valvular vegetations and the infected 
peripheral aneurysms. He believed that the aneurysms 
were formed by lodging of the infected embolus, with 
subsequent partial digestion of the elastic and muscular 
components of the wall by an exudative mesarteritis, and 
coined the term “embolomycotic aneurysms” to desribe 
those lesions. 

The tendency for such aneurysms in patients with en- 
docarditis to be multiple and to occur in silent yet poten- 
tially lethal sites was emphasized by Lewis and Schrager 
in their 1909 review of the world literature.’ In that report, 
they summarized the data from reports describing 97 em- 
bolomycotic aneurysms in 65 patients. Among these le- 
sions, the superior mesenteric artery was most frequently 
affected (25 vessels). Fifty-three aneurysms (55%) were 
located in either the cerebral or visceral circulation. Fully 
70% were within a body cavity (intracranial, intrathoracic, 
or intra-abdominal) and hidden from early detection. 
When one considers that many of the constitutional com- 
plaints of arthralgias and myalgias present in patients with 
endocarditis are, in fact, secondary to an almost contin- 
uous systemic microembolization of bacteria, it is not 


$} surprising that some of these microemboli are not suc- 


cessfully handled either by host defenses or antibiotic 
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therapy. The obvious sequela, then, is vessel wall destruc- 
tion and multiple aneurysm formations after their lodging 
in the microcirculation of the vasa vasorum or small 
branch vessels throughout the body. 

This tendency for lesions to be multiple and frequently 
situated at sites that only become manifest at the time of 
rupture was clearly understood and frequently described 
by students of endocarditis in the early twentieth century. 
The disappearance of this important peculiarity from de- 
scriptions of lesions associated with endocarditis in more 
recent literature may be explained by evolution in no- 
menclature and changing etiologic factors. 

Although Osler first used the term “mycotic” to describe 
lesions associated with “malignant endocarditis,’ the 
term more recently has become generic and is used to 
label infected aneurysms of all etiologies. In a recent re- 
view of mycotic aneurysms, Anderson’ provided a clas- 
sification that included nine different categories with dif- 
fering pathogeneses. Aneurysms secondary to septic em- 
bolization from bacterial endocarditis represented only 
one of the categories. Most of the remaining categories of 
mycotic aneurysms were caused by local phenomena such 
as secondary infection of an atherosclerotic aneurysm or 
plaque, direct vascular involvement from adjacent infec- 
tion, or trauma to a peripheral artery with concomitant 
contamination and subsequent formation of infected 
pseudoaneurysm. Combined with the loss of any patho- 
genetic implications to the term mycotic aneurysm is a 
diminution in the total number of patients who have as- 
sociated endocarditis, while other local causes have be- 
come more prevalent. In a 1923 review, Stengel and Wol- 
ferth® suggested that 80% of mycotic aneurysms were 
caused by bacterial endocarditis. In contrast, a similar 
review by Anderson et al.’ in 1974 revealed that 80% of 
mycotic aneurysms were of local causes, the most frequent 
being direct trauma to peripheral vessels and concomitant 
bacterial contamination. 

For these reasons, we believe it preferential to describe 
aneurysms associated with bacterial endocarditis as em- 
bolomycotic aneurysms, for such separation of nomen- 
clature may reassert the recognized tendency for multi- 
plicity of these lesions. Further, we believe that in order 
to minimize the potentially lethal consequences of missing 
such silent aneurysms prior to their rupture, one should 
perform cerebral and visceral angiographic studies rou- 
tinely in the diagnostic evaluation of patients with ful- 
minant or “malignant” endocarditis. This should include 
any patient who has exhibited evidence of significant em- 
bolization and patients who do not immediately respond 
to parenteral antibiotic therapy. 

Three small silent cerebral and profunda femoris aneu- 
rysms were demonstrated to have reduced in size under 
parenteral antibiotic therapy alone in our series. Selection 
of conservative management, however, is controversial 
and requires frequent repetitive angiographic studies to 
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evaluate the evolution of such small intracranial aneu- 
rysms. Bingham® found that in 17 of 21 patients (81%) 
similarly small intracerebral embolomycotic aneurysms 
had disappeared or reduced in size during antibiotic ther- 
apy alone. Bullock et al.? and Frazee et al.,'° however, 
subsequently reported that eight of ten patients treated in 
this manner died, whereas nine of ten patients treated 
surgically survived. Clearly, management of such asymp- 
tomatic intracerebral aneurysms is dependent both on 
their size and their location within the brain. 

The sequential presentation of lesions in some of our 
patients requires special comment. Although late reinfec- 
tion of a diseased cardiac valve or its replacement is a 
recognized hazard of this disease, patients with reduced 
immunologic integrity (case 5) and patients with repetitive 
high dose bacteremic challenges secondary to continued 
high dose drug dependency (cases 1, 2, 4, and 6) are at 
exceedingly high risk for reinfection and development of 
subsequent peripheral lesions. The efficacy of long-term 
antibiotic therapy with or without valve replacement in 
controlling this risk is low, however, in the “drug abuse” 
patients because of their noncompliance to recommended 
medical care. 

The selection of graft material for arterial reconstitution 
may be critical to an uncomplicated recovery after man- 
agement of the infected arterial lesion. Smith et al."! clearly 
described the adverse sequelae that may occur when syn- 
thetic material is used for such conduits. Although culture 
of the excised vessel may not prove active infection to be 
present at the time of operation, one should presume that 
this is the case. For this reason, all vascular reconstructions 
in this series that were performed in close proximity to 
the management of the intravascular infection employed 
autogenous saphenous vein. 

Finally, prompt recognition and management of my- 
cotic emboli may prevent the necessity of more extensive 
procedures after even brief delays. When operation is per- 
formed within the first 24 hours after embolization and 
significant perivascular inflammation is absent, revascu- 
larization by catheter embolectomy may be successful. In 
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contrast, if delays in diagnosis or treatment are present, 
vessel wall digestion may occur and require excision with 
extra-anatomic graft insertion. The experience with cases 
3 and 9 underscores the practical significance of this 
premise. 

In summary, “malignant” endocarditis has become less 
common over the past 50 years. When present, however, 
its sequelae can produce a challenging spectrum of clinical 
presentations. Treatment of the valvular lesion by high 
dose parenteral antibiotics and consideration of valve re- 
placement are recognized foundations of management. 
Although its embologenic potential is similarly under- 
stood, the peculiar feature of silent multiplicity of em- 
bologenic aneurysms should be reiterated. In this regard, 
we believe that an aggressive approach to the empiric use 
of cerebral and visceral angiography in patients with ful- 
minant bacterial endocarditis is appropriate and that its 
use should become a standard component of the initial 
diagnostic evaluation of these patients. 
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DISCUSSION 


Dr. ROGER F. SMITH (Detroit, Michigan): I wish to congratulate Dr. 
Dean on his excellent presentation and concur with the recommendation 
for the liberal use of empiric angiographic surveys to identify occult 
embolic lesions in patients with peripheral embolization and bacterial 
endocarditis. 

At the Henry Ford Hospital, Dr. Joseph Elliott has recently surveyed 
our experience with this clinical entity. From 1971 through 1985, there 
were ten patients with infective endocarditis who had 15 episodes of 
arterial macroembolization requiring the attention of the vascular sur- 
geons. There were 18 individual emboli, ten managed by embolectomy 
and eight by nonoperative means. Six of the 18 patients subsequently 
required cardiac valve replacement. The importance of a careful patho- 
logical examination and culture of the embolus specimen is illustrated 
by the following case. 


(Slide) This immunosuppressed patient with rheumatoid arthritis pre- 
sented with an ischemic hand. An embolectomy of the occluded ulnar 
artery was carried out and the resulting thromboembolic clot is seen 
here. (Slide) The correct diagnosis of fungal endocarditis with peripheral 
embolization was made by microscopically identifying the hyphae of 
aspergillosis. (Slide) Resection of the mitral value revealed the source of 
the emboli to be a colony of aspergillosis growing on the papillary muscle. 

I would like to ask Dr. Dean what his recommendation is in regard 
to long-term anticoagulation in this group of patients. It has been our 
policy to anticoagulate indefinitely any patient who has had a documented 
peripheral embolus in order to prevent multiple and recurrent embolic 
episodes. However, in cases with infective endocarditis, particularly those 
that have associated embolomycotic aneurysms, this form of management 


is considered contraindicated because of the danger of aneurysm rupture ` 


and cerebral hemorrhage. The need to identify this select group of high- 
risk patients further supports Dr. Dean’s suggestion that aggressive use 
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of empiric angiography serves as a useful tool to guide medical and surgical 
management. 


Dr. RONALD J. STONEY (San Francisco, California): 1 too enjoyed 
this paper, which I reviewed, and would commend the manuscript to 
you when it is published, as it describes this entity in depth. 

I certainly agree with the choice of the word “‘embolomycotic,” which 
I think specifically describes the etiology of this type of aneurysm, rather 
than simply using the word “mycotic.” 

I was puzzled by my interpretation of the data, which showed that, 
although aneurysms and emboli occurred with nearly equal frequency, 
there was marked difference in the distribution of these lesions and, of 
course, their symptoms. For example, the aneurysms had about a 50% 
symptomatic incidence, whereas emboli were symptomatic in nearly 
three quarters of the patients. The location was also strikingly different, 
as aneurysms occurred with great preponderance in the abdomen and 
with a very small (20%) incidence in the extremities, whereas emboli 
were primarily (80%) distributed in the limb and only 25% in the ab- 
domen. There was about an equal distribution of aneurysms and emboli 
causing the distressing central nervous system symptoms. Perhaps Dr. 
Dean could speculate on this apparent maldistribution of both location 
and symptoms in aneurysm and the emboli arising from bacterial en- 
docarditis. 

Thirteen of the lesions among the 25 he described received surgical 
therapy. Only five had some form of revascularization, three by the tech- 
nique of a remote bypass using autogenous vein and two by embolectomy; 
therefore, eight vascular beds were not revascularized or reconstructed 
when the offending lesions were obliterated or excised. With the increased 
experience of reliable healing that has been achieved with autogenous 
reconstruction in the presence of graft infection, | would hope Dr. Dean 
would consider direct in situ revascularization with either vein or artery, 
if the segment could be harvested from a noncritical area, to improve 
perfusion through the vascular beds to minimize ischemic complications. 

My final question: Dr. Dean, do you have any data on the total number 
of patients for the decade in which these nine patients were treated with 
a diagnosis of bacterial endocarditis? In other words, the denominator 
would allow us to calculate what the true incidence of embologenic or 
embolomycotic aneurysm disease actually is in patients with bacterial 
endocarditis, 


Dr. WILEY F. BARKER (Los Angeles, California): The mycotic aneu- 
rysm is a lesion that has largely disappeared from our wards because of 
modern therapeutic efforts. We are used to dealing with noninfected 
emboli from many sources, but we no longer see this specific infected 
embolus so frequently, and yet it does pose some specific problems. 

There are some misunderstandings that may derive from the terms 
we use. Osler’s “mycotic aneurysms” were the mushroom-shaped aneu- 
rysms on the wall of an artery and had nothing to do with a mycotic 
infectious agent. Indeed, most of Osler’s lesions were streptococcal. To 
make it perfectly clear what we are talking about, we should use Osler’s 
term “mycotic aneurysm” to describe an infected aneurysm caused by 
septic emboli, or use the term “infected embolic aneurysm.” In Osler’s 
terms there was no such thing as a mycotic embolism. Infected aneurysms 
from another source are not the same. 

It is of interest that Osler’s lesions were primarily streptococcal, but 
there were only three Streptococcus viridans organisms in Dr. Dean’s 
series. 

It may be that the lesions are obscured by the efficacy of our modern 
surgical and chemotherapeutic care. For instance, an infected embolus 
to the deep femoral artery is not apt to produce many dramatic symptoms 
because of excellent collateralization, and its septic potential may be 
eliminated under heavy antibiotic therapy before it becomes a mycotic 
aneurysm; similarly, an infected embolus to the superficial femoral artery 
will produce such dramatic symptoms that it is treated before it has a 
chance to manifest its septic potentiality. | would therefore like to ask 
Dr. Dean: (1) how many patients there were at Vanderbilt in the time 
covered by his study who did have bacterial endocarditis, and (2) how 
many patients experienced noninfected emboli from valvular vegetations. 

In general, I agree with his recommendations. I would choose an extra- 
anatomic route if a reconstruction is necessary in the acute phase, using 
autologous tissue if possible. 


MYCOTIC EMBOLISM AND ANEURYSMS 


307 


Dr. W. EUGENE STERN (Los Angeles, California): | hope that is per- 
missible for a neurosurgeon to rise, since a CT scan was shown and an 
intracranial hemorrhage was displayed, and I congratulate Dr. Dean on 
his good judgment to show the master organ albeit in a compromised 
State. 

The neurosurgeon encounters this difficult problem, not frequently, 
but often enough to develop healthy respect for the lesion or lesions, for 
they are often multiple. They can be quite dangerous, as one can see 
from the effects. They may be clinically silent, and would elude discovery 
unless, as Dr. Dean suggested, an aggressive (prophylactic, if you will) 
pursuit of the patient with endocarditis by investigative angiography is 
carried out. 

One question I would like to put to him is: Has he seen the phenom- 
enon in the peripheral circulation which the neurosurgeon sees when 
studying the intracranial circulation with sequential angiography, namely, 
the appearance and then the disappearance of aneurysms? This has been 
our experience while observing patients receiving appropriate antibiotic 
therapy. If the antibiotic therapy is appropriate to the organism, a lesion 
or lesions may disappear while being monitored by sequential angiog- 
raphy, thereby obviating the need for operation. 

On the other hand, if a particular lesion grows in size in sequential 
studies, even though it has been clinically silent, this becomes an indi- 
cation for a cranial operation. If the lesion ruptures, such becomes a 
surgical indication. At operation, the intracranial aneurysms are quite 
fragile and frequently cannot be handled with the same technique ap- 
plicable to other types of aneurysm. 


Dr. RICHARD H. DEAN (Closing discussion): 1 would like to thank 
the discussants for their comments and will respond to the questions 
they have posed. 

Actually, in our group the frequency of valve replacement is less than 
what Dr. Smith had, and I suspect that essentially half of ours need to 
have their valves replaced. | would remind you that four of these patients 
were drug abuse patients. I bring up the drug addiction subpopulation 
because I think that in many of our minds bacterial endocarditis is some- 
thing only of historic importance as far as being a clinically important 
issue. Yet with the increasing drug addition problem in urban America, 
I think that unfortunately we will begin seeing a much greater number 
of people with end-stage infective processes, as they constantly seed their 
body with high-dose bacterial challenges. Unfortunately, that subgroup 
of people is probably the most difficult to treat because they are not 
compliant and do not take long-term antibiotics. 

The frequency of such lesions in a population with significant bacterial 
endocarditis is hard to determine; it is probably somewhere in the neigh- 
borhood of about 5% of the population that we now see. 

In regard to Dr. Stern’s question about observing disappearance, indeed 
the small aneurysms both in our series and other published series that 
are in the neighborhood of 2 or 3 mm and are an example of intracranial 
aneurysm observed in this patient have reduced in size. None of those 
has totally disappeared, but in sequential angiography they were shown 
to have decreased in size and number over a 3-month period and were 
asymptomatic. Others have indeed reported total disappearance under 
antibiotic therapy. Thus, | would suggest that the use of empiric an- 
giography will identify a number of these that are totally clinically silent 
and that get well without therapy, but it will also pick up on the high 
instance of patients whose first symptom is rupture. 

In regard to the discrepancy of the appearance of aneurysms and em- 
boli, I have no reason to explain why more aneurysms appeared in central 
cavities other than that potentially it has to do with flow, and that visceral 
flow may in fact have been greater than peripheral vessel flow, and thereby 
a higher constant scene, if you will, of the microvasculature to ultimately 
form the aneurysm. 

in regard to symptomatology, and the reason that the ones intracavitary 
presented with symptoms, rupture only, or were silent, is just that they 
were unobservable. The ones that were of significant size in the periphery 
could be touched and felt and complained about, whereas in the brain 
or in the belly they are much less likely to be identified prior to the 
rupture because of the absence of symptoms. 

Finally, in regard to the issue of in sifu or extra-anatomic bypasses 
for the vessels that have to be excised, I suppose our primary choice 
would be to perform an extra-anatomic procedure to put the new graft 
through a sterile route. If, in fact, that is not a practically available option, 
then we would have no hesitancy in revascularizing the patient through 
the debrided bed but would insist on using autogenous tissue. 
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Cardiac transplantation was resumed at the University Health 
Center of Pittsburgh in 1980 after a hiatus of 12 years. Prior to 
April 15, 1986, 270 hearts had been transplanted. Participants 
have been forced to reorder personal, professional, and institu- 
tional commitments to adapt to new demands of pre- and post- 
operative care and to develop flexibility in the operative sched- 
uling of routine cardiac surgical cases. The actuarial survival 
has been 78, 69, and 64% at 1, 2, and 3 years. Much has been 
learned about evolving immunosuppression based on cyclosporine 
and of the allogenic response. An increasing proportion of re- 
cipients are mortally ill (54%), and for these urgent patients the 
wait for a donor organ continues to lengthen. The cardiac surgeon 
performing transplantations will need to grow with allied devel- 
opments in xenotransplantation and mechanical cardiac support 
devices in order to keep pace with his evolving specialty. 


T HAS BEEN 26 years since “Studies on Orthotopic 
Transplantation of the Canine Heart” by Lower and 
Shumway appeared in the Surgical Forum. The ar- 

ticle described the surgical technique that now, modified 
only slightly, is universally used. During the following 2 
decades, progress was steady but slow as experimental 
work and development continued in only a few centers. 
In the late 1970's, Norman Shumway and associates, 
armed with improved results, argued that the procedure 
was no longer experimental and that it should be consid- 
ered therapeutic.' He encouraged and helped others, in- 
cluding ourselves, to apply the modality, paradoxically at 
a time when the secretary of the Department of Health 
and Human Services declared the procedure experimental. 

Cardiac transplantation was resumed at the University 
Health Center of Pittsburgh in 1980 after a hiatus of 12 
years. Prior to April 15, 1986, 270 cardiac transplant pro- 
cedures had been performed. The program in Pittsburgh 
may not be representative of those elsewhere because of 
our large multiple organ transplant program and more 
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importantly because of the ripple effect, more correctly 
called the wave effect, of the activities of Thomas Starzl.” 
As experienced in Pittsburgh, however, cardiac trans- 
plantation has now progressed from an experimental 
through a therapeutic to a service stage that has forced 
participants to reorder personal and professional com- 
mitments to adapt to new demands of pre- and postop- 
erative care and to develop flexibility in the operative 
scheduling of routine cardiac surgical cases. The purpose 
of this presentation is to describe cardiac transplantation 
as it is seen from our viewpoint. 


Incidence 


Between June 1980 and April 1986, the number of car- 
diac transplant procedures performed yearly in Pittsburgh 
increased from three to 82, and now the cumulative total 
is 233. This number includes 12 pediatric, six heterotopic, 
three heart-liver, and two heart-kidney cases but does 
not include 37 heart-lung transplantations. Cases have 
accumulated at an ever increasing rate. 


Selection of Recipients 


The mean age of recipients has ranged between 36 and 
46 years. The youngest recipient has been 3 years of age 
and the oldest 65 (Fig. 1). While absolute limits for age 
are not defined, only under special circumstances have 
candidates at the two extremes been accepted. Recent 
trends, however, indicate that the maximal age of recip- 
ients is advancing (Fig. 2). 

Patients with elevated pulmonary vascular resistance 
between 4 and 9 Wood units and/or pulmonary systolic 
pressures above 70 mmHg are considered for either an 
oversized donor heart or a heterotopic procedure. Can- 
didates known to have sustained pulmonary infarction 
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Fic. |. Ages of cardiac transplant recipients (1980-April 1986). While 
most are between 31 and 50 years, a significant number of recipients are 
youthful or elderly. 


are delayed if possible for at least 3 weeks prior to trans- 
plantation because of the increased risk of developing a 
pulmonary abscess. Patients with diabetes who require 
insulin are accepted if requirements are stable and not 
excessive and if there is an absence of renal or vascular 
disease. Likewise, candidates with cardiomyopathy due 
to amyloid or sarcoid disease have been accepted if their 
disease is almost exclusively of the heart. Patients with 
malignancy that is thought to be cured are individually 
evaluated. 

Early in our experience patients with nonischemic car- 
diomyopathy predominated, but since 1984 ischemic dis- 
ease has been a more common cause. Although initially 
only those patients with cardiac failure, New York Heart 
Association Class IV, were accepted, lately a few selected 
patients with less severe cardiac failure but with totally 
refractory angina pectoris have been included. Recently, 
a larger fraction of patients have been mortally ill, sus- 
tained by intravenous inotropic drugs and mechanical 
devices (Fig. 3). 

Although psychological stability is desired, formal pre- 
operative testing has not been performed. Similarly, a 
strong social support system is desired but not a prereq- 
uisite. In accordance with the policy of Presbyterian- 
University and Children’s Hospitals, all patients must 
provide evidence of funds to cover hospital expenses be- 
fore the transplant procedure can be performed. 


Selection of the Donor 


Donors are accepted if they have no history of cardiac 
disease and no electrocardiographic or clinical evidence 
of abnormalities of the heart. Until recently, the upper 
age limit for male donors has been 35 years of age and 
for female donors 40 years. Currently, donors up to 45 
years of age will be considered and carefully screened. 
Cardiectomy follows the administration of 1000 ml of 
crystalloid cardioplegic solution into the crossclamped 
ascending aorta and rapid immersion in ice and saline at 


. 4 C? Although minimal need for inotropic drugs and a 


short ischemic interval for the donor heart are desired, 
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FIG. 2. Average age of cardiac transplant recipients by year suggests a 
recent trend toward older patients. 


there has been no significant difference in survival when 
the dopamine requirement of the donor has been 10 yg/ 
kg/min and when ischemic intervals lasted up to 5 hours.’ 
Using small rented jet aircraft, donor hearts can be pro- 
cured safely within a 2500 mile radius of Pittsburgh. Do- 
nors are accepted even with infection, including bacter- 
emia, that has been adequately treated, and even if they 
have thoracostomy tubes or have been resuscitated from 
brief cardiac arrest. In the latter case, cardiac isoenzymes 
and echocardiogram have been useful. 


Immunosuppression 


Currently, recipients are maintained on doses of cy- 
closporine to achieve levels of 600-700 ng/ml (RIA, whole 
blood) and prednisone, 0.2-0.4 mg/kg/day.’ Since April 
1985, cyclosporine has been withheld, before operation, 
and azathioprine (4.0 mg/kg) has been substituted. With 
restoration of blood flow to the allograft, 500 mg of meth- 
ylprednisolone is given. After operation, cyclosporine is 
begun at 2.5 mg/kg twice a day once the patient maintains 
cardiovascular stability, usually 12 to 24 hours after op- 
eration, and prednisone or its intravenous equivalent is 
begun on the first postoperative day at 0.4 mg/kg. Aza- 
thioprine (2.0 mg/kg) is continued until the cyclosporine 
level has reached the targeted value. Rejection is initially 
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FIG. 3. Yearly percentage of mortally ill recipients who were sustained 
by intravenous inotropic drugs and/or intra-aortic balloon pump. 
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FIG. 4. Steady increase in the number of endomyocardial biopsy pro- 
cedures (1980—April 1984, 2287 procedures). 


treated with 3 daily one gram doses of methylpredniso- 
lone. Antithymocytic globulin (RATG) made from rabbits 
in our laboratory has been used as treatment for persistent 
or severe rejection. Recently, RATG has been used pro- 
phylactically in a randomized study, and the incidence of 
early rejection has been lowered from 66 to 22% without 
an attendant increase in morbidity. Azathioprine has been 
added as a third maintenance immunosuppressant when 
cyclosporine related nephrotoxicity (creatinine greater 
than 2.0 mg/dl) occurs and when rejection is resistant. In 
the former case, the dose of cyclosporine is lowered to 
achieve a whole blood level of 300-400 ng/ml. 

Initially, in 1980 it was believed that cyclosporine com- 
bined with steroids would provide adequate immuno- 
suppression for cardiac transplantation. This belief was 
premature, and it was soon determined that RATG added 
as a rescue agent for persistent or severe rejection could 
dramatically improve survival at | year from 66 to nearly 
80%. Because severe nephrotoxicity (creatinine greater 
than 2.5 mg/dl) occurred in 21% of the initial patients,’ 
the target blood level of cyclosporine was lowered from 
1000 ng/ml, and it has been avoided perioperatively. 
These changes have resulted in a welcome absence of acute 
renal failure and have resulted in a significant (p < 0.05) 
reduction in mean serum creatinine from 1.9 to 1.5 mg/ 


100 


Surviving 
ond 
a 


Proportion 
P 
ui 


0 6 12 18 24 30 36 42 
Months 


Fic. 5. The actuarial rate of survival of 186 recipients treated from July 
1982 to April 1986 with cyclosporine, prednisone, and rescue antithy- 
mocyte globulin. 
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dl at the sixth postoperative month. The incidence of re- 
jection has been unaffected by the perioperative avoidance 
and lowered doses of cyclosporine. 


Detection of Rejection 


Determination of rejection rests on the endomyocardial 
biopsy®” that is performed weekly for 6 weeks, monthly 
for 3 months, and thereafter 2-3 times a year. Biopsies 
are performed more frequently if there is a history of re- 
jection. The number of biopsies has increased yearly, and, 
prior to January 1, 1986, 2287 biopsies had been per- 
formed (Fig. 4). lmmunosuppression has been altered after 
review of the endomyocardial biopsy because it provides 
histologic quantification of cellular infiltration. Perhaps 
equally important, serial biopsies have made it possible 
to evaluate dynamic interactions and the response of the 
recipient’s immune system to the allograft. Infiltrating cells 
grown in tissue culture from biopsies have been assayed | 
for proliferative and cytotoxic functions in response to 
interleukin-2 and donor cells. T-lymphocytes directed 
against HLA Class I antigens appear early in the post- 
transplant period (10-14 days) and are associated with a 
diffuse histological pattern of mononuclear infiltrate. Later 
biopsies have demonstrated the presence of alloreactive 
T-lymphocytes against HLA Class II antigens newly ex- 
pressed on the vascular endothelium. Interestingly, these 
biopsies showed focal and perivascular infiltrates of 
mononuclear cells.'°!'! 

A modest hypotension in the first 3 postoperative weeks 
has been an indication for biopsy and frequently has been 
a sentinel of moderate rejection. Other clinical signs, in- 
cluding heart sounds and electrocardiographic voltage 
have not been useful. Cytoimmunologic monitoring of 
the peripheral blood has been attempted in an effort to 
relate the appearance of lymphoblasts with rejection of 
the allograft.'* To date, in our hands the appearance of 
an increased number of lymphoblasts has not been shown 
to be a specific indication of early rejection as correlated 
with the endomyocardial biopsy. Other noninvasive tech- 
niques currently under investigation include diastolic 
ventricular function assessed by echocardiography and 
nuclear imaging. 


Survival 


Since July 1982 there has been a consistent pattern of 
immunosuppression, including cyclosporine, prednisone, 
and rescue therapy with RATG. Of the 186 patients 
transplanted since then, the actuarial rate of survival at 
1, 2, and 3 years has been 78, 69, and 64%, respectively 
(Fig. 5). Quality of life has been excellent as almost all of 
the patients are unrestricted in their activities, and most 
can perform at a capacity equal to that achieved before 
their illness. Deaths have been due to rejection in 12 pa- * 
tients, infection in 10, and from other causes in 19. In- 
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cluded in the latter were four deaths due to elevated pul- 
monary vascular resistance of the recipient, six deaths 
from poor function of the donor heart, 3 from technical 
problems, and ane each from stroke, suicide, malignancy, 
diabetes, muscular dystrophy, and hepatic failure. 

Deaths from rejection have not occurred after 8 months, 
and nine of 12 occurred within the first 3 months. Eight 
of ten deaths from infection also occurred early in the 
postoperative period. - 

Sixty-seven older recipients have fared as well as those 
119 patients less than 50 years of age, and there is no 
significant difference in their rate of survival up to the 
third postoperative year (Fig. 6). Perhaps even more sur- 
prising has been the equally excellent survival of those 
recipients classified as mortally ill before operations. Two 
patients were dependent on insulin before operation, and 
an additional nine have become so after operation. One 
of the patients who had required insulin prior to trans- 
plantation died 28 months after operation because of pro- 
gressive atherosclerosis. 


Adaptation to the Increasing Demands 
of Cardiac Transplantation 


With increasing experience in cardiac transplantation 
has come necessary personal and institutional adaptation. 
In Pittsburgh, the final determination of candidacy and 
acute and chronic postoperative care, including the per- 
formance of the biopsy and manipulation of immuno- 
suppression, have been the responsibility of the cardiac 
surgeons. While this has provided an important continuity 
of.care, it has required an exhausting commitment from 
surgical house staff and attendings. Eighty-two per cent 
of the last 100 transplant procedures began between 6:00 
P.M. and 6:00 A.M. (Fig. 7). This has the effect of un- 
loading the operative schedule but severely disables the 
aperating team from performance of routine duties the 
following day. The program has resulted ‘in a dramatic 
increase in the need for inpatient beds, usually rhythm 
monitored. Currently, three to eight mortally ill patients 
await transplantation in the hospital, five to ten are re- 
covering after operation, and an additional three to six 
patients are hospitalized for follow-up examinations or 
complications. The operating room staff has had difficulty 
in accomodating the increasing load of biopsies (967 in 
1985), and the department of pathology has struggled to 
provide quick processing of specimens. The need for ex- 
tensive outpatient follow-up has meant an increasing re- 
quirement for time, space, and triage personnel. 

' The clinical activity continues to post many more 
questions than answers, and the majority of experimental 
activity in the surgical research laboratory, whose budget 
approaches $800,000 a year, has been dedicated to studies 
in transplantation of heart, lung, liver; Boney, and intes- 
tine. 
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FIG. 6. The rate of survival for recipients 50 years of age and older has 
compared favorably with more youthful recipients (1982~April 1986). 


Discussion 


Today’s service-oriented cardiac transplant procedure 
has evolved from the hard-learned experiments of the last 
decade and by improved immunosuppression with cy- 
closporine. As participants, we continue to be challenged 
by the need for improved survivals and for continued 
adaptation to the increasing demands of expanding car- 
diac transplantation. Like the colonial green algae, Volvox, 
which survives as a loose confederation passing chemical 
messages and directing its movement as a whole, we have 
found advantage in combining, under a program for mul- 
tiple organ transplantation, diversely interested but in- 
terdependent physicians, scientists, and support personnel. 
Cardiac transplantation was performed 1737 times in the 
United States between 1980 and 1985, of which one third, 
664, were performed in 1985 alone. In 1980 when cardiac 
transplantation was resumed at the University of Pitts- 
burgh, there were four other active centers; currently, more 
than 70 hospitals offer the procedure. 

Successful treatment of older and mortally ill patients 
has resulted in increasing referrals, especially of those pa- 
tients with end-stage ischemic disease. The list of candi- 
dates has lengthened in spite of the dramatic increase in 
the number.of transplants, and more patients must be 
supported in the hospital waiting for an available donor. 
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The problem is best demonstrated by the fourfold increase 
in the waiting interval for mortally ill patients from 6 days 
in 1982-1983 to 25 days in 1985. This increase in potential 
recipients without attendant changes in available cardiac 
donors has meant that fewer out-of-hospital candidates 
have been operated on. The loss of patients while awaiting 
a donor heart has prompted us to explore use of the ar- 
tificial heart. To date, three patients have been supported 
by the Jarvik-7 total artificial heart, and two have survived 
to be successfully transplanted. 

We have benefited in Pittsburgh by an aggressive policy 
of accepting donors, and, as a center for multiple organ 
transplantation, we have been favored by the pragmatic 
logistics of efficient referral and procurement. It is our 
belief that it is important for at least a few multiorgan 
transplant programs to acquire substantial clinical expe- 
rience in order to provide a greater opportunity for clinical 
and experimental research. 

Rates of survival at | year improved from 60 to 78% 
once the problem of chronic rejection was recognized and 
treated in 1982 with the addition of antithymocyte glob- 
ulin. Additional changes in immunosuppressive protocols 
have been focused primarily on reducing the incidence 
and severity of cyclosporine-induced nephrotoxicity. 
Currently, the avoidance of perioperative cyclosporine has 
virtually eliminated acute perioperative renal failure and 
has not been associated with an increased incidence of 
rejection. A triple drug regimen of low doses of predni- 
sone, azathioprine, and cyclosporine as maintenance im- 
munosuppression has been adopted in many programs, 
but to date we have avoided the routine use of azathioprine 
in maintenance medication. The latter drug has been used 
perioperatively until the cyclosporine dose is judged to be 
therapeutic and chronically thereafter only if nephrotox- 
icity or persistent rejection occurs. It appears that indi- 
vidualized use of the three drugs has provided more flex- 
ibility and improved overall results. 

Surveillance for rejection has rested solely on the en- 
domyocardial biopsy. This technique has been effective, 
and yet we are aware of a number of cases in which severe 
rejection occurred 1 day following a normal four-specimen 
biopsy. Autopsied hearts frequently show focally severe 
rejection that might be missed easily by routine endo- 
myocardial biopsy. Unfortunately, noninvasive tech- 
niques, including the use of cytoimmunologic monitoring 
of the peripheral blood for the appearance of lympho- 
blasts, echocardiogram, electrocardiogram, and nuclear 
imaging have yet to show improvement over the endo- 
myocardial biopsy. Most episodes of rejection can be 
treated if observed early enough in their course, and it 
appears that significant improvement in survival might 
come in the future as a result of better detection of rejec- 
tion. 

Immunopathologic study of cells grown from serial en- 
domyocardial biopsies has begun to improve our under- 
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standing of the allogenic response that appears to be re- 
lated to HLA specificities that change over time. There 
appears to be sequential invasion by T-lymphocytes with 
Class I reactivity early, followed later by those with Class 
Il specificity. This correlates with changes in HLA anti- 
genicity of the endothelial cells and with a change from 
a diffuse pattern of infiltration to one more focal and perl- 
vascular. It is speculated that the nonstimulated endo- 
thelial cell of the donor expresses Class I but not Class H 
antigens and that the latter are induced by the interaction 
between T-lymphocytes and the Class I antigens. Although 
further experimental study is necessary to better define 
the complex allogenic response, the information learned 
from the endomyocardial biopsies has helped us to spec- 
ulate on possible future directions for immunotherapy. 

Adaptation of personnel and the institution to the in- 
creasing load of transplant patients has not been an easy 
one. The institution has virtually overflowed with mortally 
ill patients awaiting transplantation, many of whom have 
required mechanical support, including the intra-aortic 
balloon pump and recently the Jarvik-7 total artificial 
heart. Even the uncomplicated postoperative cardiac 
transplant recipient requires 3 weeks of in-hospital ob- 
servation prior to discharge, which further places a de- 
mand on the institution for rhythm monitored beds. Ad- 
ditionally, a substantial number of postoperative patients 
require readmission for complications and routine testing. 
Because 82% of the operative procedures have begun be- 
tween 6:00 P.M. and 6:00 A.M. competition for operating 
room time has not been an overwhelming problem. Nev- 
ertheless, the need for 967 endomyocardial biopsies in 
1985 alone has stressed scheduling of operations, and the 
commitment from attending and house staff has been ex- 
hausting and has interfered with the performance of rou- 
tine clinical activities. Additional stress has occurred in 
the outpatient facility, which was not designed for the 
increasing number of survivors. 

Improvement of results from cardiac transplantation 
will continue with increased understanding and detection 
of the allogenic response. As cardiac transplantation be- 
comes more service oriented, adaptation to the increased 
demands on personal and professional time can be made, 
priorities set, and care delivered efficiently. Because the 
supply of donor organs is limited,'* it is possible that in 
the future large numbers of candidates suitable for cardiac 
homotransplantation will by necessity require alternative 
forms of treatment, possibly including xenotransplanta- 
tion!’ and implantable cardiac assist or replacement de- 
vices.! The cardiac surgeon performing transplantation 
will need to be familiar with these modes of treatment in 
order to keep pace with his evolving speciality. 


References 


i. Baumgartner WA, Reitz BA, Oyer PE, et al. Cardiac homotrans- | 
plantation. Curr Probl Surg 1979; 16:1. 








Vol. 204+ No. 3 


2. Bahnson HT, Starzel TE, Hakala TR, et al. Development and or- 
ganization of a multiple organ transplantation program. Ann Surg 
1986; 203:620-625. 

3. Hardesty RL, Griffith BP, Trento A, et al. Multiple cadaveric organ 
procurement for transplantation with emphasis on the heart. 
Surgical Rounds 1985; July:20-34. 

4, Trento A, Hardesty RL, Griffith BP, Early cardiac homograft func- 
tion: relation with the donor’s hemodynamics and the length of 
the ischemic period. Cardiovascular Surgery 1985, supplement 
to Circulation (in press). 

5. Griffith BP, Hardesty RL, Trento A, et al. Targeted blood levels of 
cyclosporine for cardiac transplantation. J Thorac Cardiovasc 
Surg 1984; 88:952. 

6. Griffith BP, Hardesty RL, Bahnson HT. Powerful but limited im- 
mune suppression for cardiac transplantation with cyclosporine 
A and low-dose steroid. J Thorac Cardiothorac Surg 1984; 87: 
35. 

7. Griffith BP, Hardesty RL, Lee A, et al. Management of cyclosporine 
toxicity by reduced dosage and azathioprine. Heart Transplan- 
tation 1985; 4:410-413. 

8. Billingham ME. Diagnosis of cardiac rejection by endomyocardial 
biopsy. Heart Transplantation 1981; 25:30. 

9. Griffith BP, Hardesty RL, Bahnson HT, et al. Cardiac transplants 


DISCUSSION 


Dr. RAYMOND O. HEIMBECKER (London, Ontario, Canada): I would 
like to congratulate Dr. Griffith on a fine presentation, wonderful slides, 
and certainly the Pittsburgh group on their tremendous contributions 
to this difficult field. 

(Slide) Our smaller experience in London, Ontario, for the most part 
parallels the Pittsburgh series. We have 63 hearts, all cyclosporine, three 
heart-lung. The 5-year actuarial survival rate is over 80%. Our first patient 
has his fifth anniversary this month. He painted my house two summers 
ago and plays a much better game of golf than any of his physicians. 

A question that came up at the meeting in Louisville yesterday was 
the problem of distant organ procurement. There was a strong feeling 
that, although the more distant organ procurements, with longer ischemic 
times, did well initially, in the 2- to 3-year follow-up those donor hearts 
did not do nearly as well. This has been quite contrary to our experience. 
We feel that the total ischemic time is of less importance, and that the 
quality of the donor heart at the time of harvesting is of paramount 
importance. Would you comment on that? 


Dr. WILLIAM S. PIERCE (Hershey, Pennsylvania): I would also like to 
compliment Dr. Griffith and the Pittsburgh group for their aggressive 
approach to cardiac transplantation and for their excellent results, par- 
ticularly in the mortality ill or salvage patients. We have now had an 
experience at Hershey that extends to 30 patients, two of whom required 
intra-aortic balloon pump support, two required circulatory assist support, 
and two have required the use of the artificial heart. 

I would like to suggest a circulatory support technique for patients 
who are awaiting cardiac transplantation and are not responsive to ino- 
tropic drugs and to the intra-aortic balloon. (Slide) Left ventricular as- 
sistance has been used as a bridge to transplantation in a total of 12 
patients in different centers in the United States and abroad. The assist 
pump provides virtually all of the systemic blood flow, while the natural 
right ventricle provides the pulmonary blood flow. Adequate support 
prior to transplantation has been provided in patients with cardiomy- 
opathy and in those with acute myocardial infarction. Circulatory support 
of this type has been provided for as long as 3 weeks while a donor heart 
was being identified. 

Four types of pumps have been used: Thermedics pneumatic 
(THERMEDICS, INC., Waltham, MA), a Novacor solenoid device 
(NOVACOR Medical Corporation, Oakland, CA), Biomedicus impeller 
pump, and the device designed at Penn State University and now fab- 
ricated by Thoratec Laboratory Corporation (Berkeley, CA), The survival 
rate, that is, including the bridge and transplantation, was ten survivors 
out of 12 patients. One of these patients was done in what we call the 
precyclosporine era. If we eliminate that patient, the current survival 
rate for this ventricular assist system as a bridge for transplantation is in 
the range of 90%. 

Biventricular assistance as an alternative to the mechanical heart, or 
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in patients with a thoracic size inadequate for such a heart, can provide 
circulatory support prior to transplantation. We are aware of six such 
instances, two with the Biomedicus device, and four with the Pierce/ 
Donachy Thoratec system, with four survivors in that group of six pa- 
tients. 

(Slide) The Pierce/Donachy Thoratec pump was described in a paper 
before this Association 10 years ago. We are now aware of 90 clinical 
uses either after open heart operations to allow recovery ofthe left ventricle 
or as a bridge for cardiac transplantation. The pump fills from the left 
atrium or from the ventricular apex, and the blood is ejected into the 
ascending aorta, The device is pneumatically powered and is positioned 
in the paracorporeal space on the abdomen. 

(Slide) This is a photograph of one of our patients who had a left 
ventricular assist pump used for a period of 3 weeks prior to cardiac 
transplantation. She is now 9 months after operation and has returned 
to school. 

I would like to ask Dr. Griffith if his present plans include the use of 
assist devices as a bridge for transplantation, and if he could amplify a 
bit on what the indications are for the use of mechanical support devices 
in their program. 


Dr. OLGA JONASSON (Chicago, Illinois): Dr. Griffith's fine paper and 
the excellent experience at Pittsburgh makes a very powerful point; with- 
out a large volume of procedures with an intensively prepared and active 
group of investigators at the institution, many of the advances in im- 
munosuppression and in the knowledge of immunological phenomena 
would not have been made. 

Given the obvious limitation in donor supply, many have begun to 
question whether diffusion of heart transplantation technology should 
be uncontrolled. In other words, will the advances that we have heard 
about this afternoon be possible if the donors are distributed to many 
centers instead of to a relatively few centers? Then the experience in 
centers such as Pittsburgh will be much smaller since there are simply 
not enough donors to support meaningful clinical studies or a committed 
and experienced surgical team. 

These are extremely serious problems that face the field of transplan- 
tation and merit a great deal of consideration as we proceed into the 
future. Because the results are so good and it appears to be so easy to 
achieve these results, we lose sight of the fact that the results have been 
obtained only through intensive efforts in large series and in heavily 
committed institutions such as in Pittsburgh. 

The use of the artificial heart or assist devices poses yet another problem 
that I would like to ask Dr. Griffith to comment on, that is, the problem 
of medical urgency. Since patients with these devices and those who are 
mortally ill obviously will die quickly without a heart transplant, should 
they take precedence over patients who clearly need heart transplantation 
but are not quite so urgent? These are serious problems that transplant 
teams face on a daily basis. 
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Dr. RICHARD R. LOWER (Richmond, Virginia): This was a very stim- 
ulating presentation. I want to address one area that Dr. Griffith did not 
cover, and that is the problem of late death after cardiac transplantation. 
We looked at our own series of some 180 patients, which goes back to 
1968, and found that 50% of the patients who survived transplantation 
will, by the fifth year posttransplant, either be dead of coronary obstructive 
disease or have serious coronary lesions demonstrated by angiography. 

We do not totally understand this problem and it is obviously a serious 
problem. As I said, it is a major cause of late graft failure after the trans- 
plant. We saw this in dogs 20 years ago. We assume that it is an im- 
munologic problem, and 1 would suggest that at some point it may be 
appropriate for us to put our collective series together to try to determine 
what that factors are that determine whether the patient does or does 
not develop this problem after transplant. 

We have a 14-year survivor whose coronaries are absolutely clean of 
any lesions. We have also seen a young woman with absolutely no evi- 
dence of early acute rejection in the first 1.5 years after transplant die 
suddenly of an occluded LAD coronary artery while dancing. It is a very 
serious problem, and I think at some point we should look at what the 
factors are that are important in its prevention. 


Dr. PAUL S. RUSSELL (Boston, Massachusetts): I think that this has 
been a remarkable presentation. One remarkable thing is seeing how 
rapidly the field is changing. I believe that this will continue. 

Dr. Jonasson mentioned the entry of so many people into the field 
and the problems that that raises. Those are problems I think we are 
going to have to work on and settle in some reasonable fashion. 

I was most interested in the nocturnal~diurnal curve of work, which 
is really a result of the present status of the technology of preservation 
of the heart. If one could reliably keep a heart longer, this would be 
changed, as it already has been for the kidney. As more and more people 
get into the field and these centers proliferate, our interdependence will 
also become more obvious. 

If, for example, we have a central listing of patients in various centers 
around the country and there is one heart that can be given to an indi- 
vidual, where should it go? How can we be confident that the system 
will work equitably and efficiently to see that this scarce resource is used 
optimally? This is going to require a lot of professional trust and some 
degree of surveillance, I suppose, as time goes on. 

It is an interesting problem, and criteria that place patients in more 
or less urgent categories are subject to a lot of debate. Is the sicker patient 
really the one who should get the heart, or should the patient a little less 
sick, for whom the results can be anticipated to be a little better, be the 
one to receive the heart? I don’t know, but I do think that we will have 
to talk a lot more about it. 

Another important point mentioned was the matter of criteria for 
selecting acceptable donors. In the abstract, it was mentioned that some 
thought is being given in Pittsburgh to pushing the age limit up. That is 
an interesting possibility. Another thing that is perfectly obvious is that 
we have now identified only patients with brain death as being appropriate 
potential donors. My question to Dr. Griffith and his colleagues is: Is 
there any place as donors for other patients, numberless at the moment, 
who are very recently dead, as potential donors? How about some of the 
individuals who are technically “dead on arrival” in our hospitals? One 
must be most stringent, of course, in the case of the heart: thus an ex- 
tension of the donor pool may come to pass more rapidly for noncardiac 
donors. I think that we are going to have to look quite widely for different 
sources of donors, even beyond the age limit relaxation that was men- 
tioned in the abstract. 


Dr. HuGo V. VILLAR (Tucson, Arizona): I also would like to con- 
gratulate the Pittsburgh group. We have transplanted 90 patients, and I 
would like to offer the point of view of general surgery. 

We have operated on about 20 of these patients after transplantation 
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for all kinds of surgical complications—pseudocysts of the pancreas, 
several cholecystectomies, acute appendicitis, common duct stones, and 
even on a patient with the Jarvik-7 artificial heart who required removal 
of the spleen. My observation is that the quality of life is excellent in 
these patients; secondly, they tolerate major intervention without any 
problems from the cardiovascular point of view. 


Operating on these patients requires a special relationship with the 


cardiovascular surgeon. In general, these patients do very well. The graft 
should never be a reason for delayed intervention. 

There are some specific problems: Should you remove gallstones before 
or after the transplant? Our policy has been to do it after the graft, and 
we have been very pleased with this. The only patients we lost were those 
with gastric perforations before exploration. 

I thank Dr. Griffith for not only a beautiful presentation but excellent 
slides. 


Dr. BARTLEY P. GRIFFITH (Closing discussion): | would like to thank 
all of the discussants for their nice comments. 

We believe, as does Dr. Heimbecker, that the heart can be preserved 
at 4 C for up to 5 hours and that the condition of the heart at the time 
of its procurement is perhaps more critical. Sentinel signs of problems 
include a distended heart at the time of sternotomy, tachycardia, and 
excessive needs for dopamine (> 10 ug/kg/min) or other similar inotropic 
support. 

Dr. Pierce, you are the pioneer providing leadership in the field of 
mechanical support of the failing heart, and we have closely followed 
your experience in our own bridge-to-transplantation experiment. We 
have committed our focus on the total artificial heart and believe that 
it is important to accumulate more experience with the Jarvik-7 artificial 
heart before the relative benefits of the total artificial heart versus a ven- 
tricular assist device can be judged. We would currently use the Pierce/ 
Donachy ventricular assist device for a patient who is too small to ac- 
commodate the Jarvik-7 device. 

All of the patients treated with the Jarvik-7 heart in Pittsburgh have 
been selected because they were judged not likely to survive more than 
{-12 hours without a transplant. Our last recipient more than likely was 
too sick to be selected, as he had renal and hepatic failure and was under 
treatment for sepsis. Candidates should have few circulating antibodies 
to donor antigens. 

Dr. Jonasson, the cardiac surgeons in Pittsburgh have been quite for- 
tunate to be associated with leaders in the field of transplantation. Thus 
we have benefited by the multiorgan transplantation center. While the 
results in cardiac transplantation indicate that it is no longer an exper- 
imental procedure, I believe that some restriction on the current unlimited 
proliferation of centers involved to a much lesser degree is appropriate. 

Dr. Lower, your comments about late death clearly are real, and we 
are concerned because of the cause of the coronary disease in allografts 
continues to be a mystery. We are especially concerned about those 
patients who require cyclosporine immunosuppression because its use 
is associated with an increased risk of hypertension. 

Dr. Russell, donor priority continues to plague all of us. Our priority 
in the ranking of candidates weighs medical urgency as the most important 
criteria. We believe that older donors might be appropriate for older 
recipients. We have gone as high as 45 years and may be willing to go 
higher. The source of donors can be increased through education. The 
problem of insufficient donors makes us concentrate all the harder in 
this field and helps us spawn efforts in allied fields such as xenotransplan- 
tation and mechanical artificial devices. 

Dr. Villar, we have had experience, as you have had, with general 
surgical complications asssociated with cardiac transplant recipients, 
especially those of advanced age. Cholecystitis has been common, and 
currently we screen for cholelithiasis prior to transplantation. Simulta- 
neous cholecystectomy and cardiac transplantation is under considera- 
tion, 
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SUPROL* (suprofen) 200-mg Capsules 
The following is a brief summary only. Before prescribing, 
see complete prescribing information in SUPROL product 
labeling. 
Contraindications: SUPROL should not be used in patients 
who have previously exhibited intolerance to the drug. As with 
ather nonsteroidal anti-inflammatory drugs, SUPROL should not 
be given to patients in whom aspirin and/or other nonsteroidal 
anti-inflammatory drugs induce bronchospasm, rhinitis. urti- 
caria or other sensitivity reactions. Rare anaphylactic reactions 
to suprofen have been reported, although the aspirin sensitivity 
history of the patients is unknown 
Warnings: There have been reports of the abrupt onset of flank 
pain associated with generally reversible renal insufficiency 
sometimes with abnormal urinary sediment, in patients who have 
taken as few as one to two doses of SUPROL (suprofen) If flank 
pain occurs, SUPROL should be discontinued and renal func- 
tion monitored 

SUPROL (suprofen) should be given under close supervision 
to patients with a history of upper gastrointestinal tract disease 
and only after consulting the ADVERSE REACTIONS section 
Peptic ulceration and/or gastrointestinal bleeding have been 
reported in 1% of patients receiving SUPROL Capsules at 
800-1600 mg/day 
Precautions: General: Renal Toxicity—As with other nonste- 
roidal anti-inflammatory drugs (NSAID's), long-term administra- 
tion of suprofen to animals has resulted in rena! papillary 
necrosis and other abnormal renal pathology In humans, there 
have been reports of acute nephritis with hematuria, proteinuria 
and occasionally nephrotic syndrome 

Another form of renal toxicity has been seen in patients with 
prerenal Conditions leading to a reduction in renal blood flow or 
blood volume, where the renal prostaglandins have a supportive 
role in the maintenance of renal perfusion. In these patients 
administration of an NSAID may cause a dose-dependent re- 
duction in prostaglandin formation and may precipitate overt 
renal decompensation. Patients at greatest risk of this reaction 
are those with heart failure, liver dysfunction, those taking di- 
uretics, and the elderly Discontinuation of NSAID therapy is typ- 
ically followed by recovery to the pretreatment state 

Since SUPROL and its metabolites are eliminated primarily by 
the kidneys, patients with impaired renal function should be 
closely monitored, and it should be anticipated that they will re- 
quire lower doses 
Anemia—in long-term studies, decreases in hemoglobin and 
hematocrit have been reported in patients taking SUPROL Ap- 
propriate tests should be performed if signs or symptoms of ane- 
mia are evident 
Liver Chemistry Abnormalities —As with other nonsteroidal anti- 
inflammatory drugs, borderline elevations of one or more liver 
tests may occur in up to 15% of patients These abnormalities 
may progress, may remain essentially unchanged, or may be 
transient with continued therapy. The SGPT (ALT) test is proba- 
bly the most sensitive indicator of liver dysfunction Meaningful 
(three times the upper limit of normal) elevations of SGPT or 
SGOT (AST) occurred in controlled clinical trials in approxi- 
mately 1% of patients. A patient with symptoms and/or signs 
suggesting liver dysfunction, or in whom an abnormal liver test 
has occurred, should be evaluated for evidence of the develop- 
ment of more severe hepatic reactions while on therapy with 
SUPROL. Severe hepatic reactions, including jaundice, have 
been reported with SUPROL as well as with other nonsteroidal 
anti-inflammatory drugs. Although such reactions are rare, if ab- 
normal liver tests persist or worsen, if clinical signs and symp- 
toms consistent with liver disease develop, or if systemic 
manifestations occur (e.g.. eosinophilia, rash, etc.). SUPROL 
should be discontinued, since liver reactions can be fatal 
Peripheral Edema—Peripheral edema has been observed in 
5% of patients receiving long-term therapy. Therefore, SUPROL 
should be used with caution in patients with fluid retention. heart 
failure or hypertension 
Ophthalmic Symptoms- Ophthalmologic examinations per- 
formed on long-term patients both prior to initiation and after dis- 
continuation of therapy failed to show any drug-related eye 
changes Three to 9% of patients reported changes in visual 
acuity, however and because of reports of adverse eye findings 
in animals, ı e , attenuated retinal vasculature, retinal degener- 
ation and cortical opacities in rats treated with 25 or 35 mg/kg 
day (approximately the human dose) for 24 months (life-time 
treatment), it is recommended that patients who develop visual 
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Drug Inter- 
actions: Al- 
though supro- 
fen is high- 
ly protein 
bound (see CLINICAL 
PHARMACOLOGY). in vitro studies have shown that 
SUPROL does not displace phenytoin, warfarin or tolbutamide 
from their plasma protein-binding sites. As a result, the concom- 
itant administration of SUPROL (suprofen) with highly protein- 
bound, weakly acidic therapeutic agents would not be expected 
to influence the efficacy or safety of these compounds. However. 
as prostaglandins are directly involved in the regulatory mech- 
anisms of hemostasis and glucose metabolism, patients on an- 
licOagulant or hypoglycemic therapy should be carefully 
observed while on SUPROL, as with other nonsteroidal anti- 
inflammatory drugs 

Patients taking diuretics are at greater risk of developing rena! 
failure secondary to a decrease in renal blood flow caused by 
prostaglandin inhibition by nonsteroidal anti-inflammatory 
drugs, including suprofen. (See PRECAUTIONS—General ) 

Drug/Laboratory Test Interactions: The drug has been 
shown to inhibit platelet aggregation and prolong template 
bleeding time in vivo, but the platelet function begins to normal- 
ize within 4 hours after dosing and approaches normal within 24 
hours after the last dose of SUPROL. Therefore, patients who are 
taking anticoagulant therapy should be carefully observed while 
SUPROL is administered 

Carcinogenesis, Mutagenesis, impairment of Fertility: 
Two 2-year studies in rats and an 18 month study in mice were 
performed to evaluate the carcinogenic potential of the drug 
The initial rat study had inadequate survival. In mice. an in- 
creased incidence of benign liver tumors occurred in females at 
a dose of 40 mg/kg/day (approximately three times the human 
dose) Treated male mice (doses of 2.5, 10. and 40 mg/kg/day) 
also had an increased incidence of hepatomas (not dose re- 
lated) when compared to control animals. No evidence of car- 
cinogenicity was found in doses as high as 40 mg/kg/day in the 
rat and mouse. Based on a battery of mutagenicity tests (Ames 
Micronucleus and dominant lethal) suprofen does not appear to 
have mutagenic potential 

Reproductive studies in rats at a dose of up to 40 mg/kg/day 
(approximately three times the human dose) revealed no im 
pairment of fertility and only slight reductions of fertility at doses 
of 80 mg/kg/day (approximately 6 times the clinical dose). How- 
ever, testicular atrophy/hypoplasia was observed in a six-month 
dog study (at 80 mg/kg/day) and a 12-month rat study (at 40 
mg/kg/day) 

Teratogenic Effects: Pregnancy Category B. Reproductive 
studies have been performed in rabbits at doses up to 200 
mg/kg/day (approximately 15 times the human dose) and in rats 
at doses up to 80 mg/kg/day (approximately six times the human 
dose). In rats, doses of 40 mg/kg/day and above. and in rabbits 
doses of 80 mg/kg/day and above, resulted in an increased in- 
cidence of fetal resorption associated with maternal toxicity 
There was an increase in stillbirths and a decrease in postnatal 
Survival in pregnant rats treated with suprofen at 2.5 mg/kg/day 
and above. As with other drugs known to inhibit prostaglandin 
synthesis, an increased incidence of delayed parturition oc- 
curred in rats As there are no adequate and well-controlled 
Studies in pregnant women, this drug should be used during 
pregnancy only if clearly needed Because of the known effect 
of drugs of this class on the fetal cardiovascular system (closure 
of ductus arteriosus), use during late pregnancy should be 
avoided 

Nursing Mothers: The excretion of SUPROL in milk after a 
single dose to nursing mothers has been measured. Peak con- 
centrations of SUPROL in milk, 0.12 to 0.23 mcg/ml at one to two 
hours were approximately 1% of the peak plasma concentra- 
tions and fell to 0 024-0107 mcg/ml four hours after drug 
administration 

The maximum total daily exposure of a nursing infant to 
SUPROL (assuming nursing at time of peak concentration) was 
calculated from this study to be 0.03-0 06 mg/kg/day which 
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represents 0.015% to 0. 03% of the usual daily adult dose. Cau- 
tion 1s advised in the use of SUPROL in nursing women since the 
Safety of SUPROL in human neonates has not been established 


Pediatric Use: Safety and effectiveness in children have not 
been established 


Adverse Reactions: Those adverse reactions listed below 
were reported in controlled clinical trials in over 800 patients 
wno received treatment in studies for one week or longer, of 
whom 537 were treated for at least three months, 331 treated for 
al least six months, and 103 for at least one year 
Gastrointestinal symptoms were the most frequently reported 
adverse experiences, ranging from 10 to 20%, in SUPROL long- 
term studies (see below) 

Fifteen to 20% of patients dropped out of long-term studies 
because of adverse effects 

The incidence of adverse reactions in approximately 2,000 pa- 
tients receiving short-term therapy for mild to moderate pain or 
dysmenorrhea was, in nearly all cases, lower than those listed 
below 


Incidence Greater Than 1%— Gastrointestinal: The most 
frequent adverse reaction occurring with SUPROL administra- 
tion was Nausea which occurred in about 15% of the patients 
Reported less frequently were: Dyspepsia, 13%. loose stools/di- 
arrhea, 10%, gastrointestinal distress,” abdomina! pain,’ con- 
Sstipation,” vomiting.” flatulence," gastrointestinal! bleeding, 
Stomatitis, and other bowel changes 

Central Nervous System: Headache,’ dizziness," sedation." 
mood changes," sleep disturbances,* and paresthesia 

Body as a Whole. Pain’ and asthenia 

Cardiovascular/Respiratory: Edema,” congestion (upper re- 
spiratory),* hypertension and palpitation 

Dermatological: Dermatitis," pruritus,” and skin irritation 

Hematologic. Purpura and bleeding 

Genitourinary Urinary frequency, dysuria, and pyuria 

Musculoskeletal: Muscle cramps,” bursitis 

Special Senses: Changes in vision, conjunctivitis. and 
tinnitus 

“Reactions occurring in 3% to 9% of patients treated with 
SUPROL. Reactions occurring in fewer than 3% of the patients 
are unmarked 


Incidence Less Than 1% (Causal Relationship Probable) 
The following adverse reactions. some of which have been re- 
ported during post-marketing use abroad, occurred less fre- 
quently than 1 in 100. The probability exists that there is a causal 
relationship between SUPROL and these adverse reactions 

Body as a Whole: Acute allergic reactions with dyspnea and 
epigiottal and/or laryngeal edema, anemia 

Gastrointestinal: Peptic ulcers, gastroenteritis 

Cardiovascular Epistaxis 

Dermatologic. Rash 

Central Nervous System: Appetite changes 

Urogenital; Acute nephritis, acute flank pain with renal insut- 
ficiency (see WARNINGS) 


incidence Less Than 1% (Causal Relationship Unknown)— 
Other adverse reactions reported during clinical trials or post- 
marketing use with a frequency of less than 1 in 100. but under 
circumstances in which a causal relationship between SUPROL 
and the reaction could not be determined. These rarely reported 
reactions are being listed as alerting information tor the physi- 
cian since the possibility of a causal relationship cannot be 
excluded 

Gastrointestinal Jaundice 

Cardiovascular/Respiratory: Tachycardia 

Hematological Thrombocytopenia, acute hemolytic anemia, 
leukopenia 

Genitourinary: Lime green urine 

Full directions for use should be read before administer- 
ing or prescribing. For information on symptoms and treatment 
of overdosage, see full prescribing information 
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For presumptive therapy 
in certain seriously ill patients with: 
Infections of unknown etiology 





PRIMAXIN is highly effective for infections caused by indicated bacteria in most body sites: 
lower respiratory tract, urinary tract, skin and skin-structure, intraabdominal, gynecologic, 
and bone and joint infections, bacterial septicemia, and endocarditis. 
PRIMAXIN is not active against chlamydiae and Pseudomonas maltophilia, some strains of 
Pseudomonas cepacia, many strains of methicillin-resistant staphylococci, Streptococcus 

2 faecium, some strains of anaerobic corynebacteria, and some strains of Flavobacterium. 
PRIMAXIN is contraindicated in patients who have shown hypersensitivity to any component 
of this product. Before initiating therapy with PRIMAXIN, careful inquiry should be made con- 
cerning previous hypersensitivity reactions to penicillins, cephalosporins, other beta-lactams, 
and other allergens. If an allergic reaction to PRIMAXIN occurs, discontinue the drug. 
Serious hypersensitivity reactions may require epinephrine and other emergency measures. 
In vitro susceptibility does not necessarily imply in vivo effectiveness. 
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Contraindications: PRIMAXIN is contraindicated in patients who have shown 
hypersensitivity to any component of this product. 

redler SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY abe 
tc) REACTIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH 
BETA LACTAMS. THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS 
WITH A HISTORY OF SENSITIVITY TO MULTIPLE ALLERGENS. 

THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY 
REACTIONS WHEN TREATED WITH ANOTHER BETA LACTAM. BEFORE INITIATING 
THERAPY WITH PRIMAXIN, CAREFUL INQUIRY SHOULD BE MADE CONCERNING 
PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, 
OTHER BETA LACTAMS, AND OTHER ALLERGENS. IF AN ALLERGIC REACTION TO 
PRIMAXIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 

Pseudamembranous colitis has been reported with virtually all antibiotics, including 
PRIMAXIN: therefore it is important fo consider its diagnosis in patients who 
develop diarrhea in association with antibiotic use. This colitis may range in 
severity from mild to life threatening. 

Mild cases of pseudomembranous colitis may respond to drug discontinuance 
alone. In more severe cases, Management may include sigmoidoscopy, appropriate 
bacteriological studies, fluid, electrolyte, and protein supplementation, and the use 
of a drug such as oral vancomycin, as indicated. Isolation of the patient may be 
advisable. Other causes of colitis should also be considered. 

Precautions: Genera/-CNS adverse experiences such as myoclonic activity, con- 
fusiona! states, or seizures have been reported with PRIMAXIN. These experiences 
have occurred most commonly in patients with CNS disorders (eg., brain lesions or 
history of seizures) who also have compromised renal function. However, there were 
rare reports in which there was no recognized or documented underlying CNS 
disorder. Close adherence to recommended dosage schedules is urged especially 
in patients with known factors that predispose to seizures. Anticonvulsant ther- 
apy should be continued in patients with a known seizure disorder. if focal 
tremors, myoclonus, or seizures occur, patients should be placed on anticonvulsant 
therapy. If CNS symptoms continue, the dosage of PRIMAXIN should be decreased 
or discontinued. 

As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of 
nonsusceptible organisms. Repeated evaluation of the patients condition is essen- 
tial. If superinfection occurs during therapy, appropriate measures should be taken. 
While PRIMAXIN possesses the characteristic low toxicity of the beta-lactam group 
of antibiotics, periodic assessment of organ system function during prolonged 
therapy is advisable 

Drug interactions -Since concomitant administration of PRIMAXIN and probenecid 
results in only minimal increases in plasma levels of imipenem and plasma half-life, 
it is not recommended that probenecid be given with PRIMAXIN. 

PRIMAXIN should not be mixed with or physically added to other antibiotics. 
However, PRIMAXIN may be administered concomitantly with other antibiotics, 
such as aminoglycosides. 

Carcinogenesis, Mutagenesis, impairment of Fertility-Gene toxicity studies were 
performed in a variety of bacterial! and mammalian tests in vivo and in vitro. The 
tests were: V79 mammalian cell mutation assay (PRIMAXIN alone and imipenem 
alone), Ames test {cilastatin sodium alone}, unscheduled DNA synthesis assay 
(PRIMAXIN), and /7 vivo mouse cytogenicity test (PRIMAXIN}. None of these tests 
showed any evidence of genetic damage. 

Reproduction tests in male and female rats were performed with PRIMAXIN al 
dosage levels up fo 8 times the usual human dose. Slight decreases in live fetal 
body weight were restricted to the highest dosage level. No other adverse effects 
were observed on fertility, reproductive performance, fetal viability, growth, or 
postnatal development of pups. Similarly, no adverse effects on the fetus or on 
lactation were observed when PRIMAXIN was administered to rats late in gestation. 
Pregnancy ~Pregnancy Category C: Teratogenicity studies with cilastatin sodium in 
rabbits and rats at 10 and 33 times the usual human dose, respectively, showed no 
evidence of adverse effect on the fetus. No evidence of teratogenicity or adverse 
effect on postnatal growth or behavior was observed in rats given imipenem at 
dosage levels up to 30 times the usual human dose. Similarly, no evidence of 
adverse effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 


ANTIBIOTIC EVER 


Teratology studies with PRIMAXIN at doses up to 11 times the usual human dose in 
pregnant mice and rats during the period of major organogenesis revealed no 
evidence of teratogenicity. 

Data from preliminary studies suggest an apparent intolerance to PRIMAXIN 
{including emesis, inappetence, body weight loss, diarrhea, and death) at doses 
equivalent to the average human dose in pregnant rabbits and cynomolgus mon- 
keys that is not Seen in nonpregnant animals in these or other species. In other 
studies, PRIMAXIN was well tolerated in equivalent or higher doses (up to 11 times 
the average human dose) in pregnant rats and mice. Further studies are under 
way to evaluate these findings. 

There are, however, no adequate and well-controlled studies in pregnant women. 
PRIMAXIN should be used only if the potential benefit justifies the potential risk 
to the fetus. 

Nursing Mothers~{t is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised when 
PRIMAXIN is administered to a nursing woman. 

Pediatric Use- Safety and effectiveness in infants and children below 12 years of 
age have not yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1723 
patients treated in clinical trials were severely ill and had multiple background 
diseases and physiological impairments, making it difficult to determine causal 
relationship of adverse experiences to therapy with PRIMAXIN. 

Local Adverse Reactions~Local adverse clinical reactions that were reported as 
possibly, probably, or definitely related to therapy with PRIMAXIN were: phlebitis/ 
thrombophlebitis (31%), pain at the injection site (0.7%), erythema at the injection 
site (04%), vein induration (0.2%), infused vein infection (01%). 

Systemic Adverse Reactions- The most frequently reported systemic adverse Clini- 
cal reactions that were reported as possibly, probably, or definitely related to 
PRIMAXIN were: nausea (2.0%), diarrhea (18%), vomiting (1.5%), rash (0.9%), fever 
(0.5%), hypotension (0.4%), seizures (04%) (see PRECAUTIONS), dizziness (0.3%), 
pruritus (0.3%), urticaria (0.2%), somnolence (0.2%). 

Additional adverse systemic clinical reactions reported as possibly, probably, or 
definitely drug related occurring in less than 0.2% of the patients are listed within 
each body system in order of decreasing severity: Gastrointestinal- pseudomem- 
branous colitis (see WARNINGS), hemorrhagic colitis, gastroenteritis, abdominal 
pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, increased 
salivation, CNS~ encephalopathy, confusion, myoclonus, paresthesia, vertigo, head- 
ache: Special Senses—transient hearing loss in patients with impaired hearing, 
tinnitus: Respirafory—chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain, Cardiovascular—palpitations, tachycardia: Aena/—oliguria/anuria, polyuria: 
Skin—erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin 
texture changes. candidiasis, pruritus vulvae: Body as a Whole-polyarthraigia, 
astheniaweakness. 


Adverse Laboratory Changes: Adverse laboratory changes without regard to 
drug relationship that were reported during clinical trials were: Hepatic -increased 
SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH; Hemic-increased eosina- 
phils, positive Coombs Test, decreased WBC and neutrophils, increased WBC, 
increased platelets, decreased platelets, decreased hemoglobin and hematocrit, 
increased monocytes, abnormal prothrombin time, increased lymphocytes, 
increased basophils: Electrolytes -decreased serum sodium, increased potassium, 
increased chloride: Renal- increased BUN, creatinine: Urinalysis- presence of urine 
protein, urine red blood cells, urine white blood cells, urine casts, urine bilirubin, 
and urine urobilinogen. 

NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that 
Hy maximum total daily dosage not exceed 50 mg/kg/day or 4.0 giday, whichever 
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Use of the Donor Specific Transfusion Protocol in 
Living-Unrelated Donor—Recipient Combinations 





HANS W. SOLLINGER, M.D., PH.D. | 


The scarcity of suitable cadaver or living-related kidneys remains 
the major problem in renal transplantation. The use of the donor- 
specific transfusion protocol (DST) has allowed for the expansion 
of the donor pool to one- and two-haplotype mismatched living- 
related donor-recipient combinations. This study deals with the 
use of DST in living-unrelated donor-recipient combinations 
(LURD). The following 34 LURD combinations were entered: 
(1) husband to wife; (2) wife to husband; (3) friend to friend; (4) 
stepfather; (5) brother-in-law and sister-in-law. Donor-specific 
sensitization occurred in 21%. Actuarial graft survival at 4 years 
is 92.6%, and patient survival is 100%. It is concluded that this 
study indicates that the results with the use of LURDs equal 
the results with living-related donors and, therefore, it is sug- 
gested that the use of LURDs can be considered in situations 
when a medically and ethically acceptable unrelated donor is 
available. 


HE SUPERIOR RESULTS in both graft and patient 
survival after living related-donor transplantation 
as currently practiced clearly indicates that this 

form of treatment must be considered the “gold standard” 
of renal replacement therapy. A recent study completed 
at our center demonstrated 88.9% 5-year graft survival 
for recipients of HLA-identical living-donor kidneys and 
91.6% graft survival for recipients of 1- and 2-haplotype 
mismatched living-donor kidneys when recipients were 
conditioned with donor-specific transfusions (DST) prior 
to transplantation.' Patient survival at 5 years is 90.7% 
for the HLA-identical group and 95.3% for the DST group. 
These results are even more remarkable when one con- 
siders that 34.7% of the patients suffered from juvenile 
onset diabetes. Most of these patients experienced a dra- 
matically improved quality of life, confirming the findings 
of Johnson et al.” and Evans et al.? A survey conducted 
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by our group* showed that 100% of diabetic patients with 
a well-functioning living-donor kidney experienced a sig- 
nificant improvement in quality of life. Employment rate 
in the transplant group was 57% higher than in the dialysis 
group, and there were substantial savings in the cost of 
treatment.’ 

Unfortunately, only a small fraction of patients with 
end-stage renal failure have a willing and medically ac- 
ceptable living-related donor available. The majority of 
patients in this country, and proportionately even more 
in most European countries, are placed on waiting lists 
for cadaveric kidneys. While the results of kidney trans- 
plantation from cadavers have improved dramatically 
during recent years,%” the supply of cadaveric kidneys has 
increased only slightly.’ In addition, there are indications 
that several factors (seatbelt law, strict enforcement of 
drunk driving laws, child restraint devices, highway speed 
limits, and physician failure to refer donors) may decrease 
the supply of cadaveric organs. For this reason, a possible 
third source of organs—the living-unrelated donor—has 
been considered. Clearly, the use of this donor source 
raises a number of ethical questions. Before these ques- 
tions can be answered or even discussed, information 
about the success of kidney transplantation with living- 
unrelated donors is necessary. In this study we present 
the results of living-unrelated transplantation in 27 pa- 
tients, using the donor-specific transfusion protocol.7""’ 


Materials and Methods 


From December 1981 to March 1986, 34 living unre- 
lated donor-recipient pairs were entered into the study. 
Donor-recipient relationship is shown in Table 1. Each 
donor and recipient were initially interviewed by a trans- 
plant surgeon. The donor was then referred to a separate 
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TABLE 1. Living-Unrelated Transplants-~Donor~ 
Recipient Relationship 


Donor Patients Entered 
Wife 19 
Husband 8 
Friend 4 
Stepfather | 
Brother-in-law l 
Sister-in-law l 
Total 34 


group of physicians who independently performed the 
donor evaluation. Once the evaluation was completed, 
the referring physician was included in the final discus- 
sions. Wherever appropriate, psychological and/or psy- 
chiatric consultation was obtained. 

The medical work-up of the donor and recipient was 
carried out according to a protocol followed at our insti- 
tution since 1974. Since 1984, diabetic recipients have 
had to undergo thallium stress testing to rule out coronary 
artery disease.'* In four patients the thallium stress test 
was abnormal, and the patients underwent coronary an- 
giography. One patient required coronary artery bypass 
surgery before renal transplantation. Donor-specific 
transfusions were administered as previously described.!* 
Azathioprine, 100 mg per day by mouth, was started | 
week before the first transfusion. One transfusion con- 
sisted of 200 ml of fresh heparinized blood. The second 
transfusion was given at 14 days, and the third 28 days 
later. The patient’s white blood cell count was monitored 
twice each week, and the azathioprine dose was reduced 
if the white cell count fell below 4000/mm‘. If the white 
cell count dropped below 2500/mm/°, azathioprine was 
stopped. After each transfusion, T- and B-cell lympho- 
cytotoxic crossmatches were performed. If the T-cell 
crossmatch was negative 14 days after the third transfu- 
sion, we proceeded with the transplantation. A B-warm 
positive crossmatch was initially not considered a con- 
traindication for transplantation.'* HLA-A, B matching 
demonstrated varying degrees of mismatches (Table 2). 
Fifteen patients were tested in mixed leukocyte culture 


TABLE 2. Living-Unrelated Donor-Recipient Matching 


Mismatches 





Patients A,B DR 
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TABLE 3. Living-Unrelated Donor-Recipient Matching 
(Mixed Leukocyte Culture) 


Low* Intermediatet Hight N.T. 


Patients 0 8 7 12 





* Lower than unrelated control. 
t Same range as unrelated control. 
ł Higher than unrelated control. 


(MLC) exhibiting intermediate and high stimulation (Ta- 
ble 3). 

Immunosuppression consisted of 120 mg/day predni- 
sone by mouth as a starting dose, tapered to 30 mg/day 
by mouth after 14 days. Azathioprine was given at 1.5- 
2.5 mg (kg/day) by mouth. Rejection episodes were treated 
with steroid boluses 500 mg intravenously for 3 days or 
3 mg/kg by mouth for 3 days followed by a rapid tapering 
schedule. Steroid resistant rejections were treated with a 
10- to 14-day course of ALG (Minnesota antilymphocyte 
globulin). Two patients with a poor response to steroids 
and ALG were given a 13-day course of OKT3 mono- 
clonal antibody (Ortho, Raritan, NJ). The cause of renal 
failure in the recipients is shown in Table 4. 


Results 


The donor and recipient relationship of the 34 patients 
entered into the study is shown in Table 1. Seven patients 
(21%) developed a positive T-cell crossmatch during the 
DST-azathioprine protocol and were placed on the ca- 
daveric waiting list (Fig. 1). All seven received a cadaver 
kidney. Five have functioning grafts, and two lost their 
kidney from rejection. Sensitization rate in the husband- 
to-wife group was 62%, and 11% in the wife-to-husband 
group (Table 5). Seven patients developed a B-warm pos- 
itive crossmatch. In three patients this was transient, and 
the B-warm crossmatch at the time of transplantation was 
negative. Four patients were B-warm positive at the time 
of transplantation. All four patients had severe acute re- 
jection episodes (Table 6). Two patients required pro- 
longed antirejection therapy and were switched to cy- 
closporine. One of these patients developed a sigmoid 
perforation secondary to diverticulitis and lost his graft 
after immunosuppressive therapy was discontinued. We 
now consider a strong B-warm positive crossmatch a con- 


TABLE 4. Recipient Disease 
Type Number of Patients 


Diabetes 

Glomerulonephritis 

Polycystic kidneys 

Chronic reflux 

Lupus 

Hypertensive nephropathy 
a eae a ett 


Mean 
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27 Transplanted 


A 


2 Graft Losses 


Fic. 1. Algorithm of the re- 
sults in living-unrelated 
transplantation. 


{1 Rejection, 
1 Technical) 


traindication for transplantation in living-unrelated do- 
nors. A total of 42 rejection episodes were diagnosed (Ta- 
ble 7): 10 patients had no rejection, and other 17 patients 
had one (4 patients), two (12 patients), and three (1 pa- 
tient) acute rejections. Ten patients experienced DST-type 
rejections, which were all successfully reversed with a short 
course of bolus prednisone therapy. The type of antire- 
jection therapy is shown in Table 8. Nine patients required 
one course of ALG, and two patients required a second 
course. In instances where a second course of ALG was 
required, goat antilymphocyte globulin (Minnesota) was 
used. More recently, two patients were treated with OKT3 
for rejections that were resistant to high doses of pred- 
nisone and ALG. Both rejections responded to therapy, 
but one patient developed a polyclonal B-cell lymphoma, 
which is currently being treated with acyclovir. The two 
graft losses occurred in the wife-to-husband group. One 
patient who had previously had two rejections was ad- 
mitted with a moderately elevated serum creatinine. He 
failed to respond to a third course of prednisone. Ultra- 
sound examination showed a dilated renal pelvis, sug- 
gesting ureteral obstruction. A percutaneous Whitaker test 
was performed and resulted in arterial injury followed by 
massive bleeding into the perirenal space, necessitating 
transplant nephrectomy. Serum creatinine at the time of 


nephrectomy was 2.5, and histology showed a resolving’ 


rejection. Four days later, the patient received a cadaveric 
kidney, which currently has excellent function. The sec- 
ond patient who lost his graft had undergone a prolonged 


course of antirejection therapy and was switched to cy- . 


closporine. His rejection was resolving when he developed 
sigmoid perforation secondary to diverticular disease. 
Sigmoid resection was performed and a diverting colos- 
tomy was created. All immunosuppressive therapy was 
discontinued, and the patient received a long-term course 
of antibiotic therapy that included aminoglycocydes. He 
gradually lost the function of his renal transplant and was 
returned to dialysis. Of the 25 patients who have currently 


a functioning grafts, one patient developed recurrent dis- 
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34 Patients Entered 


foo 


7 Sensitized (T-cell + x-match) 


ZON 


5 Cadaver Kidneys 2 Cadaver Kidneys 


Functioning Rejected 


ease. His serum creatinine is 6.2, and it is expected that 
he will require a retransplant or return to dialysis within 
a few months. The remaining patients have stable graft 
function with serum creatinine levels ranging from 0.9 to 
2.9 mg/dl. Actuarial graft survival at 4 years is 92.6% (Fig. 
2). Patient survival is 100% (Fig. an There have been no 
donor complications. 


Discussion 


Before initiating this study in December 1981, it was 
clear that three questions needed to be answered before 
living-unrelated donors could be recommended for trans- 
plantation: (1) Are the results of living-unrelated trans- 
plantation good enough to justify the use of the unrelated 
donor? (2) Is it ethically justifiable to ask a living-unrelated 
individual to serve as an organ donor and, if so, under 
what circumstances? (3) What is the medical and psycho- 
logical risk to the donor? 

First, our results clearly demonstrate that graft and pa- 
tient survival after living-unrelated donation equals that 
achieved with HLA-identical donors or 1- and 2-haplotype 
mismatched donors in the DST or DST-azathioprine 
conditioned group in our institution. These results are. 
particularly encouraging when one considers that 51% of 
the recipients were juvenile onset diabetics. We believe 
that pretransplant screening with thallium stress tests and, 
when indicated, coronary angiography has reduced intra- 
and postoperative morbidity and mortality in these pa- 


tients.!? Therefore, we consider it mandatory that all di- 


abetic recipients be screened before transplantation. Al- 
ternatively, the fact that 17 patients experienced a total 
of 42 rejection episodes demonstrates that recipient con- 
ditioning with DST and Imuran® by no means renders 


TABLE 5. Living-Unrelated Transplanis-——Sensitization Rate 


Entire group 7/34 (21%) 
Husband to wife 5/8 (62.5%) 
Wife to husband 2/19 (11%) 
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TABLE 6. Outcome with B- Warm Positive Crossmatch 
B-Warm + During B-warm + at Time 
Patient # Donor DST of Treatment E Rejection Episodes Outcome 
1 Wife No Yes 2 1.1 mg/dl 
2 Husband No Yes I 1.2 mg/dl 
3 Husband Yes (35-70 channels) No I 1.4 mg/dl 
4 Wife Yes No 2 1.8 mg/dl 
3 Stepfather Yes No 2 1.7 mg/dl 
6 Wife Yes Yes Severe prolonged Sigmoid perforation 
Graft loss 
7 Wife No Yes {14 channels) | Severe prolonged 3.1 mg/dl 


the recipient immunologically unresponsive. Encouraging 
however, is the observation that nearly all rejection epi- 
sodes occurred within 3 months of transplantation and 
that all patients have enjoyed stable graft function beyond 
this time without the need for further antirejection ther- 
apy. The most violent rejection episodes occurred in the 
wife-to-husband group, and we are now considering a 
protocol that requires the use of cyclosporine from the 
time of transplant. 

Second, can we ethically justify the use of living-un- 
related donors? The Council of the Transplantation So- 
ciety has proposed several guidelines that must be fol- 
lowed. The donor’s motives must be altruistic, and don- 
ation for profit must be condemned. In addition, a stable, 
long-term emotional relationship between the donor and 
recipient has to exist. The “gift of life’ should also be a 
“gift of love.” Under these conditions, most donors ex- 
perience long-lasting, positive feelings about the decision 
to donate and an associated increase in self-esteem and 
sense of worth. Potential donors not only have “a right 


TABLE 7. Incidence of Rejection Episodes 


Type of Rejection Number of Patients 
No Acute Rejection tO 
| acute rejection 4 
2 acute rejections 12 
3 acute rejections 1 
“DST” type rejections 10 


Chronic rejection | 
eA ONLINE TAH PNA TET HATH AT aAA inaa Ain riya A a iraia hieraa 
TABLE 8. Frequency and Type of Antirejection Therapy 


Type Number of Patients 





| steroid bolus § 
2 steroid boluses 19 
3 steroid boluses 2 


| course ALG 9 
2 courses ALG 2 
OKT3 2 
Switch to CyA 9 


to refuse” donation, but, as one patient’s wife expressed 
it, they also have “a right to donate.” Some spouses have 
expressed a direct benefit from the improved health of 
their partner. Having the opportunity to donate a kidney, 
they clearly rejected the idea of having their spouse or 
friend placed on a cadaver list and faced with an indeter- 
minate period of waiting. 

The third question relates to the safety of the donor 
and is inseparably related to the ethical issues previously 
discussed. Although there have been reports of donor 
morbidity and mortality, recent data suggest that the short- 
and long-term risks to the donor are in fact minimal.!>!6 
In our center, from 1974 (when one of the authors, F.O.B., 
assumed the directorship of the transplant program at 
University of Wisconsin Hospital in Madison) through 
March 1986, 528 living-related donor transplantations 
have been performed. There were two complications re- 
lated to the donor nephrectomy: bleeding and hypotension 
during surgery in one patient and aspiration pneumonia 
in a second patient resulting in delayed discharge from 
the hospital, but there were no long-term negative side 
effects. Two patients benefited from their willingness to 
be a kidney donor. In both cases, a malignant renal tumor 
was discovered during the donor work-up, and in both 
patients nephrectomy and removal of this tumor at an 
early stage may have saved these patients’ lives. Until June 
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FIG. 3. Results of renal transplants since 1981— patient survival. 


1980, only HLA-identical and 1-haplotype mismatched 
low MLC donor-recipient combinations were accepted 
for transplantation. Since June 1980, 258 patients who 
were entered into the DST or Imuran—DST protocol re- 
ceived transplants. This protocol has allowed us nearly to 
double the number of transplantations performed since 
1980. In 1985, 109 cadaveric kidneys and 75 living-related 
kidneys were transplanted. Despite this increased activity 
in our center, the waiting list for cadaveric kidneys is con- 
stantly growing, reflecting a nationwide trend. This growth 
cannot be attributed to a lack of procurement efforts, be- 
cause Wisconsin (Network 13) has over the years reported 
the highest number of cadaveric kidneys procured per 
million population (36.5 Wisconsin vs. 21.1 national av- 
erage).'’? Furthermore, of the 110 cadaveric kidneys har- 
vested in 1985, only one was not used for transplantation 
(arterial disease). We do not believe that the number of 
cadaveric kidneys procured in our area, and most likely 
in the entire nation, will substantially increase in the fu- 
ture. Therefore, it seems justifiable to evaluate the 
possibility of using living-unrelated donors in selected 
circumstances. This study provides evidence that the long- 
term graft function of kidneys from living-unrelated do- 
nors is comparable to that for HLA-identical kidneys. 
Having this data available, we are now in a position to 
discuss future policies regarding the use of living-unrelated 
donors, and we fully agree with Levey’s statement!® that 
the current practice of rejecting living-unrelated donors 
may be overprotective and may deny important benefits 
to both donors and recipients. 


DISCUSSION 


Dr. ARNOLD G. DIETHELM (Birmingham, Alatama): I would like to 
thank Dr. Sollinger and his colleagues for the opportunity to review the 
manuscript. My comments will be directed to the use of unrelated living 
donors and donor-specific transfusion protocol. 

We at Alabama now have nearly 300 patients on our cadaveric waiting 
list, and the increase in organ donation has been inadequate to cope 
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with the increased numbers of patients waiting for transplantation. Thus, 
the use of an unrelated living donor provides an additional source of 
kidneys that can be transplanted with a short ischemic interval in an 
orderly manner, thereby avoiding the risks and imponderables of the 
cadaveric kidney with prolonged preservation time. 

The second important point pertains to the use of the donor-specific 
blood transfusions as a means of preconditioning the recipient. This has 
provided excellent results in the one haplotype living donors, and the 
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results today demonstrate that the same is true in the mismatched 
recipient. 

I would like to ask Dr. Sollinger and colleagues two questions: First, 
the increased incidence of sensitization of the husband-to-wife transplant 
situation is of interest. Do you have any thoughts as to why this occurs? 
Second, do you plan to use cyclosporine as an immunosuppressive agent 
in the future in this select group of patients? 

This carefully designed clinical study is an important contribution to 
the field of renal transplantation, and I congratulate the group from 
Madison for these excellent results. I would like to add a word of caution. 
To modify or change this protocol might well yield less than the same 
optimal results. We have heard truly extraordinary results today, and I 
would suggest that others who wish to follow this protocol be very precise 
about the protocol management. 


Dr. ROBERT J. Corry (lowa City, Iowa): I too would like to com- 
pliment Dr. Sollinger and his colleagues on this important study. I think 
he has made an enormous contribution, 

Although he has presented good results by using this strategy, similar 
results can be obtained by using other approaches in the cadaver~donor 
situation by using third-party blood transfusions, tissue matching, cy- 
closporine, and more recently the utilization of the monoclonal antibody 
anti-T3. I think it is important to recognize that these same results can 
be obtained by these strategies, and a major problem is the shortage of 
cadaver donor organs. 

I think we should emphasize at this time that required request legis- 
lation simply requires that the family of the recently deceased be en- 
couraged to donate the organs and that the physician or his designee ask 
the family. In some of the states where this legislation has been enacted, 
such as Oregon, the donor supply has doubled. When one considers for 
kidneys at least that 20% of suitable donors are utilized, if this supply 
were to double by required request legislation, then we might not have 
to utilize living donors at all. 

In addition, I might mention that we are exposing living donors to at 
least some complications, such as the occurrence of late hypertension. | 
think we have to be very careful, as Hans has mentioned, in limiting 
this procedure to only those donors with emotional attachment and for 
whom there would be no financial gain. 


Dr. CHARLES B. ANDERSON (St. Louis, Missouri): I would like to 
compliment Dr. Sollinger and his coauthors on an excellent and pro- 
vocative presentation. 

We have had an interest in this area for some time. Our initial ex- 
perience dates back 15 years when we did two friend donors under the 
donor-specific buffy coat transfusion and concomitant azathioprine im- 
munosuppression protocol. One of those kidneys worked for 8 years 
until the patient died of a myocardial infarction. The other patient at 
15 years still has a successfully functioning kidney. Since then we have 
performed four spouse donor transplants, with results similar to those 
presented today in terms of well-functioning kidneys and no compli- 
cations with the donors. 

We are proponents and advocates of this type of approach and agree 
with the Wisconsin group’s conclusions. I think that there are several 
potential objections that one could raise about using living unrelated 
donors. Patients may be subjected to undue personal pressures, or in- 
appropriate financial incentives may be offered. Dr. Sollinger has clearly 
outlined their baseline for accepting donors and has made sure these 
items do not apply. 

On the other hand, others would argue vehemently in the opposite 
direction: that individuals should have the right to donate. What nght 
do physicians have to deny someone donating an organ if he or she 
wishes to do so, is competent, and understands the risks involved? Thus, 
there exists a spectrum of different perspectives that involve complex 
ethical and moral issues. 

In 1979, Bill Newton, my former associate and a member of this 
organization who passed on a few years ago, wrote an eloquent editorial 
on the topic of nonrelated living donors in the Archives of Surgery (Arch 
Surg 1979; 114:992), entitled “Who Is The Brother That I Should Keep.” 
I highly recommend it to those of you interested in this subject, as it 
makes a strong point for permitting the use of nonrelated living donors 
for kidney transplantation. I have two questions for Dr. Sollinger. First, 
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would the Wisconsin group consider using unrelated living donors without 
some preliminary attempt at modification of the immune response? Sec- 
ond, would they consider using patients who have transient T-cell sen- 
sitization? We experienced in one spouse transplant a recipient who 
during the transfusion phase had a low titer transiently positive anti- 
globulin enhanced T-cell crossmatch. The recipient was successfully 
transplanted with the specific donor kidney, which has functioned well 
for over 2 years. In addition, our experience with other donor-specific 
and azathioprine-pretreated patients indicates that a low titer B-cell pos- 
itive crossmatch is rather innocuous and has not resulted in allograft 
rejection. 


Dr. WILLIAM WALLACE PFAFF (Gainesville, Florida): There have been 
two biological observations made in the past, one recent and one more 
remote. 

In our institution we have avoided donor-specific transfusion because 
of the rate of sensitization. That has partially been solved by Dr. An- 
derson’s protocol, and a number of institutions have adopted that pro- 
tocol, as they have in Wisconsin. Nonetheless, in using third-party pro- 
spective transfusions we arrived at the same success rate that Oscar Sal- 
vatierra had in San Francisco in a single haplotype model, a living related 
donor. The same observations have now been made in the data at the 
Southeastern Organ Procurement Foundation and by Gerhardt Opels’ 
international registry. Thus, we are puzzled and interested in the differ- 
ences between donor-specific transfusion and third-party transfusion. 
There does not seem to be a great difference in the clinical results. 

The second observation has to do with long-term graft survival and 
chronic rejection. The relationship to long-term graft survival has been 
based importantly on the initial donor-recipient relationship, as has acute 
graft rejection. Thus, it has been anticipated that there will be roughly 
a 34-year half-life for HLA identical living related donors, 12~14 vears 
for a single haplotype, and roughly 7 years for cadaver donors. It is a 
question whether donor specific or third-party transfusion can overcome 
this long-term biologic function. I would appreciate it if Dr. Sollinger 
would comment on this point. 


Dr. HENRY T. BAHNSON (Pittsburgh, Pennsylvania): I nse with hes- 
itation to ask a question about finances. In the National Transplantation 
Act and in the deliberations of almost everyone, there is an effort to 
prohibit monetary payment or any financial gain of any sort for an organ. 
I subscribe to the national law, and, in Pittsburgh, financial gain has 
never been a motive for any transplantation that our group has done. 

We do need more kidneys, and I doubt if the donor supply will ever 
match fully the number of people who need to be transplanted. Financial 
gain may not be that bad. You may be aware that recently a Pulitzer 
Prize was awarded to journalists for a series of articles entitled “The 
Challenge of a Miracle,” subtitled “Selling the Gift.” One of the points 
they made was that in Calcutta kidneys were being bought from people 
living in the slums who donated a kidney for financial gain. I do not 
know if any of those people died. I reflected in my own mind whether 
I would do such a thing if I were a poor person who realized that maybe 
60,000 rupees would help me get out of the slums or educate my child. 
I had to answer yes, because as a medical student I spent some time in 
an altitude chamber, had war gases put on my belly, was given beef 
albumin, which a few months later killed a convict when it was given 
to him, had my jugular bulb stuck, and I gave blood. I was paid for all 
of these, and they helped me go through medical school. I did not think 
it was such a bad move then, I doubt if the ethics of Harvard Medical 
School have changed much since then, and I do not think it is such a 
bad thing now. 

The blood we sold was sold to the blood banks of the Harvard hospitals 
for $25, It went at the Lahey Clinic for $40. If you consider that the cost 
of living has probably gone up tenfold since then, $2500 for a kidney or 
even $4,000 in a private clinic may not be so bad if one considers how 
much more a kidney is worth than a pint of blood. 

I conclude with the statement I made at the beginning. I am a little 
hesitant to bring up this item of money but perhaps it is something that 
needs to be more carefully considered rather than given a blanket refusal. 
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PROFESSOR PETER J. MORRIS (Oxford, England): I was not going to 
make a comment about this, but Hank Bahnson has stimulated me to 
stand up because this paper has given rise to a provocative discussion, 
finally capped off by Hank’s remark that he would not be against the 
selling of organs or rather the selling of kidneys. 

This is something that has exercised many of us in.the last few years, 
and we are very concerned about this possibility. It is very easy to say 
that you, as a potential donor, live in a slum and by selling a kidney you 
may rescue yourself and your family from that situation. In fact, that 
has not happened. I appreciate, of course, that it might happen, but the 
people from the slums who have given a kidney and who have gone 
back to the slums are no better off. In fact, one or two we know of may 
have died with no subsequent medical care. I do not think, however, 
that that is the point of my disagreement because it could be argued that 
it need not have happened if the donor had been carefully policed, etc. 

What does worry many of us, and me in particular, in the transplant 
community, is where does it stop? The next step is to argue that if it is 
good to give a kidney to rescue your family, to educate yourself, or 
whatever, why not give a heart to Hank’s team? There is certainly going 
to be a far greater shortage of hearts than there are of kidneys. I could 
develop this argument indefinitely. 

This is a real concern, and it must be addressed before it gets out of 
hand. It seems to me that once we introduce commercialization into the 
gifting of an organ by the family of a cadaver donor or by a relative, 
which really must be the supreme gift that can be made, we are demeaning 


the whole practice of medicine, and perhaps demeaning humanity itself 


Dr. JOHN C. MCDONALD (Shreveport, Louisiana): Since this discus- 
sion has turned from science to philosophy, I would like to point out 
that twice as many wives donated kidneys to husbands than husbands 
did to wives. I wonder if that is not an expression of a certain amount 


of social pressure. I suggest that it demonstrates the problem in obtaining 
free, informed consent, without any social pressure. 


Dr. HANS W. SOLLINGER (Closing discussion): I would like to thank 
all the discussants for their comments, and I will keep my remarks brief. 

First of all, Dr. Diethelm asked about the sensitization in the husband 
and wife group. All the women were previously pregnant, and this may 
be the most likely explanation. 

Are we planning to change our protocol in the future and use cyclo- 
sporine? We considered using cyclosporine in a further clinical trial. We 
have not made the decision yet, but we have been discussing this pos- 
sibility. 
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Dr. Corry, our results with the use of cadaver kidneys are nearly as 
good as those in living related transplantation. Therefore I agree with 
you as far as the 1-year graft survival rates are concerned but I disagree 
with you when we look at 5 and 10 year graft survival. Our results extend 
now to 4% years, and J personally have not seen, ether in this country 
or in Europe, a single series where cadaver transplantation survival comes 
close to graft survival in living related donors at 5 and 10 years. 

As far as the required request law is concerned, we all hope that this 
will increase the supply of cadaveric kidneys; and when the day comes 
that we will have sufficient cadaveric kidneys and achieve graft survival 
rates similar to those of living donors, I do not think that anybody will 
consider living related transplantation. However, you have to remember 
that some European countries that have a “presumed consent law” ini- 
tiated several years ago and have not seen a substantial increase in cadaver 
organ supply. 

Concerning donor complications; living-related transplantation should 
be performed by a competent transplant team. In our institution donor 
as well as recipient surgery is performed by attending staff. It is not being 
considered as part of the training program. 

Out of 528 donors two had complications that resulted in delayed 
discharge from the hospital, and two patients benefited, as a malignant 
renal tumor was discovered during the donor work-up.. 

Dr. Anderson, concerning “the right to donate”: We have heard this 
phrase on many occasions during our interviews with families, and in 
some donor-recipient combinations there is indeed a strong desire to go 
ahead with the donation. 

Would we go ahead with a transient T-cell positive crossmatch? We 
have done this successfully in living related patients who had donor 
specific transfusions. In this particular group of unrelated patients I think 
that we would not do it at this time. 

Dr. Pfaff, concerning the long-term effect of DST, I feel very optimistic 
about it. As you know, Salvatierra has results that show a long-term 
biological effect of donor-specific transfusions. 

I would like to thank Dr. Bahnson for sharing with us his experience 
as a medical student. We all agree that the ethical issues are difficult to 
address at this time, but we hope that our paper will provide data to 
discuss this issue. 

Dr. Morris, as one of our criteria for living donation has to be a mor- 
tality that approaches 0%, I do not think that we would consider heart 
donation seriously. 

Dr. McDonald, I do not think that there is a lot of social pressure. As 
you saw, a number of husbands in this group were sensitized and ruled 
out, and this might account for the difference. l 
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Previous animal data showed that platelets contain growth factors 
that stimulate capillary endothelial migration (angiogenesis), fi- 
broblast proliferation and migration, and collagen synthesis. This 
study utilized autologous platelet-derived wound healing factors 
(PDWHEF) to treat 49 patients with chronic nonhealing cutaneous 
ulcers. Patients were classified on the basis of 20 clinical and 
wound status parameters to generate a wound severity index. 
Forty-nine patients--58% diabetic (20% with renal transplants); 
16% with trauma, vasculitis, etc.; 14% with decubitus ulcers; and 
6% each with venous stasis or arterial insufficiency—with a total 
of 95 wounds had received conventional wound care for an average 
of 198 weeks (range: 1-1820 weeks). After informed consent 
was obtained, patients received autologous PDWHF. Mean 100% 
healing time for all patients was 10.6 weeks. There was no ab- 
normal tissue formation, keloid, or hypertrophic scarring. A 
multivariant analysis showed a direct correlation to 100% healing 
with initial wound size and the initiation of PDWHF therapy. 
This is the first clinical demonstration that locally acting growth 
factors promote healing of chronic cutaneous ulcers. 


HE BIOCHEMICAL, cellular, and environmental! 
regulation of wound repair involves a complex 
interaction between serum enzyme cascades, lo- 

cally acting growth factors, circulating platelets and 
monocytes, tissue macrophages, fibroblasts, endothelial 
cells, epidermal cells, and the local cellular microenvi- 
ronment.’ Recent advances in the biology of wound heal- 
ing demonstrate that macrophages and platelets are the 
predominant regulatory cells in the repair process.” Plate- 
lets initiate this repair by releasing potent locally acting 
growth factors. Wound macrophages take over the regu- 
latory role from platelets 24 hours after wounding and 
continue to produce similar locally acting growth factors 
until the repair is complete." 
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Utilizing the circulating platelet as a source of autolo- 
gous locally acting growth factors, we tested the efficacy 
of topically applied platelet-derived wound healing factors 
(PDWHF) in stimulating the repair of chronic nonhealing 
cutaneous wounds. 

In order to quantitatively categorize and follow the 
clinical course of repair, a wound severity score was es- 
tablished by assigning a score to various clinical, anatomic, 
and observed wound and patient variables. The rate of 
PDWHF-stimulated wound repair and the effect of var- 
ious measured and observed variables on repair were then 
analyzed and compared. 


Materials and Methods 
Patient Selection 


Patients with chronic nonhealing cutaneous wounds 
referred to the Wound Healing and Limb Salvage Clinic 
at the University of Minnesota were eligible for partici- 
pation in this study. Authorization from the Institutional 
Review Board was obtained, and all patients were given 
informed consent before inclusion in the study. Patients 
with wounds that possibly contained viable malignant cells 
were not eligible for PDWHF treatment and were thus 
excluded. 


Wound Severity Score 


A wound severity score was devised from clinical, an- 
atomic, and measured wound and patient variables. Scores 
were arbitrarily assigned and weighted using traditional 
wound healing clinical experience. These general wound 
parameters are listed in Table 1. Anatomic considerations 
such as the presence of exposed bone or tendon, wound 
location, and the quality of the pedal and posterior tibial 
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TABLE 1. Total Wound Score—General Wound Parameters 





None Mild Marked 
Periwound erythema 0 4 
Periwound edema 0 2 4 
Wound purulence 0 3 6 
Wound fibrin 0 Z 4 
Limb pitting edema 0 2 4 
Limb brawny edema 0 3 6 
Wound granulation 4 2 0 


pulses (when relative to wound location) were recorded 
and scored (Table 2). Wounds were measured to deter- 
mine total wound surface area, depth, and the extent of 
undermining. The wound surface area was determined 
by photographing the wound at a fixed magnification us- 
ing a Kiron 105 mm macro lens (Kiron Corporation, 
Carson, CA) at the same magnification at each clinic visit. 
The developed slide was then projected on a computer- 
aided planimeter and the surface area was determined to 
the nearest square millimeter. Three measurements were 
made and the final surface area was the mean of the three 
measurements. The duration of the wound was deter- 
mined by patient history. The scores assigned to these 
various wound measurements are found in Table 3. 

The initial and subsequent wound scores were recorded 
and tabulated at each clinic visit by the two clinical and 
research registered nurse wound healing specialists. These 
determinations were periodically checked by the principal 
investigator. 


Wound Care Protocol 


Patients entered into the study received complete his- 
tory and physical exams. The underlying pathology behind 
the formation of the ulcer was determined and recorded 
in addition to the infection status of the ulcer at presen- 
tation. Superficially infected wounds ,were treated with 
topical silver sulfadiazine (Silvadene, Marion Laborato- 
ries, Inc., Kansas City, MO) and/or oral antibiotics if in- 
dicated.’ Wounds with invasive infection were treated with 
silver sulfadiazine and intravenous antibiotics. 

At the initial clinic visit, if indicated, the wounds were 
sharply debrided of all necrotic soft and hard tissue if the 
patient could tolerate the procedure in the clinic. Wounds 
with a significant amount of infection were debrided in 
ambulatory surgery. At each subsequent clinic visit, all 
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wounds were inspected and were debrided of any necrotic 
material or fibrin that may have developed. 

Standard clinical and surgical care was taken to improve 
skin perfusion in the devitalized area. For example, pa- 
tients with venous stasis ulcers were treated with 
compression dressings and leg elevation. Patients with ar- 
terial insufficiency due to atherosclerosis or diabetes mel- 
litus were studied by noninvasive vascular assessment, 
evaluated with arteriography, if indicated, and revascu- 
larized if possible. 

Wounds were treated with PD WHF when all ar 
purulence and necrotic tissue were eliminated ane the 
extremity was revascularized. 

Patients were generally treated as outpatients and were 
examined in the’clinic every other week. 


Definition of Successful Healing 


A wound was classified as healed when the ulcer was 
completely covered with new epithelium. This was deter- 
mined visually during the wound evaluation performed 
in the course of the routine follow-up schedule. 


Preparation of PDWHF 


PDWHIF was prepared from each patient’s blood ac- 
cording to previously described methods.’ Briefly, 60 ml 
of blood was drawn into a syringe containing 6 ml of 
anticoagulant citrate dextrose. The blood was immediately 
put on ice for transport from the clinic to the laboratory. 
The red and white blood cells were removed by centrif- 
ugation (135 X g, 20 minutes at 4 C) to leave a platelet- 
rich plasma. The remainder of the serum and cells was 
discarded. A platelet count was done, the platelets were 
removed from the platelet-rich plasma by centrifugation 
(750 X g, 10 minutes at 4 C), and the plasma was dis- 
carded. The platelets were washed with a buffer solution 
and subsequently resuspended in buffer at a-concentration 
of 10° platelets/ml. The platelets were then released with 
thrombin (Thrombinar, Armour Pharmaceutical Co., 
Kankakee, IL) (1 U/ml) to create a supernatant that con- 
tained the PDWHEF. The remaining spent platelets were 
removed by centrifugation (950 X g, 5 minutes at 4 C) 
and discarded. 

The PDWHF (10 ml) was then added to a 1 gram jar 
of microcrystalline collagen (Avitene, Alcon Laboratories, 
Inc., Fort Worth, TX) to produce a sterile topical salve. 


TABLE 2. Total Wound Score—Anatomic Considerations 


Exposed Bone Score Exposed Tendon Score 
Yes 10 Yes 7 
No. 0 - No 0 


Dorsalis 


Posterior 
Pedis Pulse Score Tibial Pulse Score 
O-I+ 5 0-1+ 5 
2+ 2 2+ 2 
3~4+ 0 34+ 0 
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TABLE 3. Total Wound Score— Wound Measurements 

Size (cm’) Score Depth (mm) Score Jndermining (mm) Score Duration Score 
<] 9 <5 0 <2 3 <8 wk 0 
1-2 I 5-10 3 2-5 5 8 wk-6 mo Í 
2-5 3 10-20 7 > 8 6 mo-i yr 2 
5~10 6 >20 10 2-3 yr 5 
10-30 R 3-5 yr 7 
>30 10 5-10 yr 9 
>10 yr 10 


One 10 mi aliquot of the salve was used for | week and 
then discarded. 

Each preparation of the PDWHF was tested for sterility 
after preparation. Representative aliquots of the PDWHF 
were tested for mitogenic potential using a standard assay.* 


PDWHF Application Protocol 


When PDOWHF therapy was initiated, the patients were 
instructed to apply a thin layer of the PDWHF salve to 
the entire surface of the wound. This was covered with 
petroleum-impregnated gauze and a sterile gauze dressing. 
The POWHF was left in place for 12 hours and then was 
completely removed by washing with tap water. Silver 
sulfadiazine was then applied for 12 hours and at the end 
of that time removed with tap water irrigation. Occasion- 
ally, patients used a water jet toothbrush to irrigate their 
wounds at home. 


Statistical Evaluation 


All measured parameters of the patients and their in- 
dividual wounds were recorded and computerized. The 
data were analyzed utilizing Version 9 of the Statistical 
Package for the Social Sciences (SPSS) (University of Chi- 
cago, Chicago, IL). Continuous data comparisons (T100 
vs. size score, etc.) were first assigned F values, and, sub- 
sequently, two-tailed probabilities were derived. Direct 


TABLE 4. Tabulation of Number of Patients and Wounds 
in Each Diagnosis Category* 


Initial Lost to Surgical Final 
Number Follow-up Cure Analysis 
Decubitus ulcer 7~15 0-0 j -4 6-11 
Diabetes 19-35 0-0 2-2 17-33 
Transplanted 
diabetic 9-9 2-5 0-0 7~4 
Arterial insufficiency 3-4 0-0 0-0 3-4 
Venous stasis 3-9 1-3 0-0 2~6 
Other 8-23 1~3 1~7 6-13 
Total 49-95 4] I 4.13 41-7] 





* Those deleted from the study and the final patient profile are listed. 
First entry = # of patients. 
Second entry = # of wounds. 


Pearson correlation coefficients were calculated for the 
suspected linear correlates between healing times and 
pertinent wound characteristics. Overall mean healing 
time equations for the different temporal categories based 
on our wound severity index were obtained utilizing a 
multiple regression analysis. Finally, the Student’s t-test 
was applied when comparing mean healing times in the 
T100 versus T2 and diagnosis categories. 


Results 
Patient Profile 


Forty-nine patients with 95 wounds were entered into 
the initial study (Table 4). Four patients with 13 wounds 
were excluded after initiation of PDWHF therapy because 
they concomitantly underwent a surgical cure via am- 
putation, skin graft, or primary closure. Four patients with 
11 wounds were further excluded because they were lost 
to follow-up. Thus, the final analysis includes 41 patients 
with 71 wounds. In this analysis, the statistics are weighted, 
that is to say, a patient with one wound contributed no 
less statistical significance than a patient with four wounds. 

The age of the patients ranged from 11 to 80 years, 
with the highest number of patients in the 41-70 year old 
age bracket. When broken down by diagnosis, patients 
with venous stasis and arterial insufficiency were the eldest, 
and patients with diabetes, diabetes with renal transplants, 
and decubitus ulcers were the youngest. 


The wound frequency per patient was greatest in the 
“other” (trauma, vasculitis, evacuated abscess, etc.) di- 
agnostic category, with 23 wounds in eight patients. Most 
diagnosis groups had an average of two wounds per pa- 
tient, while the group of transplanted diabetics averaged 
only one wound per patient. 


Wound Severity Score 


The wound severity scores had a possible range of 0- 
97. The mean scores with their standard deviations are 
presented below. At initial evaluation, the average total 
wound score (TWS) was 21.6 + 11.2. When analyzed by 
diagnosis group, the patients with venous stasis ulcers had 
the worst average score (30 + 13.9) followed by those with 
arterial insufficiency (24.2 + 7.8), diabetes (22.1 + 13.0), 


Vol 204+ No. 3 


DIAGNOSTIC GROUP 


O VERIA STASIS +/~ TO 









“LABLIERLAL INSP ICLENCY [¢+/- 7. oT | 





‘TOTAL WOUND SCORE 


FIG. 1. Initial total wound score by diagnosis grouping. Possible range: 
0-97; total wound score: 216 2 112; 


~ other (20.8 + 9.1), decubitus ulcers (19.2 + 9.8), and di- 
abetes with renal transplants (16.1 + 4.9) (Fig. 1). 

An infection score was determined by adding the per- 
1wound erythema score, periwound edema score, and 
wound purulence score. The worst possible score was 14 
and the average infection score for all groups at initial 


evaluation was 3.0 + 3.3. When analyzed ‘by diagnosis ` 


group, patients with venous Stasis ulcers averaged 7.0 
+ 3.4, followed by those with arterial insufficiency (6.3 
+ 4.4), diabetes with renal transplants (3.2 + 3.2), other 
(3.1 + 2.4), diabetes (2.2 + 3. 1), and cocoa MESE, 4 
+ 2.6). 

Size and wound duration scores were also worst in the 
venous stasis group. Transplanted diabetic patients had 
the smallest average wound size and wound duration 
Scores. 

` To compare the progréssion of wound score over r time 
among patients, the relative wound score was plotted veř- 
' sus the relative time to 100% healing for 31-patients (Fig. 
2). The relative wound score showed a gradual decrease 
over time, with a sharp decrease toward the end’ of treat- 
ment when the wound was almost healed. i 


(a 


_ PDWHF Stimulated Healing Rates 


Healing rates were determined as the time in wee to 
achieve 50, 80, and 100% epithelization (T50, T80, and 
T100, respectively). The T2 represents the time in weeks 
to 100% Ppieanon after: the initiation of PDWHF 
therapy. . | 
Sy The overall healing rates are found in Table 5 and are 
revenues below- with their standard deviations. The av- 
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FIG. 2. To compare the change in wound score over time, the relative 
wound score for each patient was compared to the relative time to 100% 
healing. The change in wound. score was similar in‘all patients. Mean 
relative wound score (©); = odes eevetoa see ). N = 31 patients; 
relative time = weeks/weeks to otal healing; relative wound score 
= wound score/initial wound Bois 


erage time to 50% healing was 4.5 + 3.6 weeks, the average 
time to 80% healing was 7.1 + 5.1 weeks, and the average 
time to 100% healing was 10.6 + 6.1 weeks. The time to 
100% healing ; after initiation of PDWHF therapy was 7.5 
+ 6.5 weeks. - 

The effect of the wound location on . PDWHF- stimu- 
lated healing was determined. Regardless: of the wound 
location, the mean times to 50, 80, and 100% healing are 


similar and not statistically different (Fig. 3). 


- The effect of age on PDWHF stimulated healing was 
also analyzed by grouping the patients into three relatively 
numerically equal categories: 0-45’ years, 46-60 years, 
and 61+ years. There was no statistically significant dif- 
fererice i in mean healing t times based on these groupings 


"Fig. 4). 


The initial six ‘patient diso Taa were 
screened for overall healing rates. The initial observation 
revealed that the mean healing times to the designated 
endpoints differed only for those patients who were clas- 
sified as- transplanted diabetics or arterially insufficient. 
The remaining four groups were thus consolidated into 
the final “other” category. In the final analysis, the di- 
agnosis of arterial n carried a coy sig- 


TABLE 5, Overall Mean Patient Healing rimes 


95% 
Mean Time Standard Confidence 
in Weeks Deviation Limit | 

Time to 50% healing 4.53 3,58 1.12 

Time to 80% healing 7.15 5.09 1.59 

Time to 100% healing 10.63 6.10 1.91 
T100 from initiation of i è 

' PDWHF Rx 7.47 6.53 2.18 


T100 versus T2, t = 2.26, p = 0.025. 
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Fic. 3. The effect of wound location on PDWHF stimulated wound 
healing. Location had no statistically significant effect on the rate of 
PDWHF stimulated repair. 


nificantly longer mean 100% healing time when compared 
to the “other” category only. There were no other rec- 
ognized differences between any other diagnostic subsets 
(Fig. 5). 

The timing of PDWHF initiation, however, did have 
a significant effect on the T50, T80, and T100. Seventeen 
patiets had immediate PDWHF therapy at their first visit, 
while 24 patients had delayed PDWHEF therapy. At all 
three healing benchmarks, the patients who received im- 
mediate PDWHF therapy healed faster than those who 
had delayed PDWHF therapy (Table 6). 


Recidivism Rates 


Eleven percent (4/41) of the patients and 7% (5/71) of 
the epithelized wounds broke down during the immediate 
follow-up period. All of these wounds healed with sub- 
sequent PDWHF therapy. 


Complications of PDWHF Therapy 
There was no abnormal tissue formation, keloid, or 
hypertrophic scarring observed. In addition, there were 
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FIG. 4. The effect of age on PDWHF stimulated wound healing, Age 
had no statistically significant effect on PDWHF stimulated wound repair. 
0-45 vs. 46-60, t = 1.48, p = 0.10; 0-45 vs. 614, t = 0.95, p = 0.20; 
45-60 vs. 61+, t = 0.54, p = 0.30. 
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FIG. 5. The effect of diagnosis on PDWHF stimulated wound healing. 
“Other” diagnosis = diabetes, venous stasis, trauma, decubitus, etc. Pa- 
tients with arterial insufficiency had a statistically significant delay in 
total healing time when compared to the “other” category. Otherwise, 
there was no significant difference between diagnosis groups. Arterial 
insufficiency vs. Tx diabetics, t = 0.35, p = 0.40; arterial insufficiency 
vs. other, t = 1.83, p = 0.05: Tx diabetics vs. other, t = 1.00, p = 20. 


no infectious complications directly attributable to the 
application of the PDWHF. 


Muttivariant Analysis 

A multiple regression analysis of the various compo- 
nents of the wound scores, wound areas, and delay versus 
no delay in PDWHF therapy showed that only the initial 
size score and the timing of PDWHF therapy had statis- 
tically significant correlations to 100% epithelization (Ta- 
ble 7). When a regression analysis of the initial size score 
versus time to 100% healing was calculated, a correlation 
of 0.66 with p = 0.005 was obtained. The regression equa- 
tion relating these two variables is: y = 0.66 + 0.89 X size 
score + 4.42a (where a = 0 if treatment was started at the 


TABLE 6. Effect of Immediate Versus Delayed Treatment with 
PDWHF on Wound Healing* 


Number Mean 
of Healing Standard 
Patients Time Deviation p Value 

T50 immediate 

PDWHF 

treatment 17 3.0 2.6 0.012 
T50 delayed 

PDWHF 

treatment 24 5.6 3.8 
T80 immediate 

PDWHF 

treatment 17 4.2 3.2 0.001 
T80 delayed 

PDWHF 

treatment 24 9.1 32 
T100 immediate 

PDWHF 

treatment 17 6.9 4.1 <0.001 
T100 delayed 

PDWHF 

treatment 24 13.1 6.0 





* At all measured points, those patients where PDWHF was delayed a 


took longer to heal. 


> 
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TABLE 7. Multiple Regression Analysis of Wound Variables 


Versus Time to 100% Healing 

r Value - p Value 
Initial size score D.57 <0.001 
Delay versus no delay in PDWHF Rx 0.66 0.009 
Initial wound area 0.67 0.392 
Erythema score 0.67 0.538 
Edema score 0.68 0.410 
Fibrin score 0.69 0.486 
Brawny edema score 0.69 0,500 
Pitting edema score 0.69 0.645 
Wound duration score 0.69 0.799 
Purulence score 0.69 0.794 
Initial wound score 0.67 0.471 


initial evaluation and a = | if treatment was delayed) 
(Fig. 6). ! 

Pearson correlation coefficients were calculated and are 
presented in Table 8. At T50 only the initial size score 
and the size score when PDWHF therapy was initiated 
are highly statistically significant. At T100 the highest 
correlation was with the initial size score, the total wound 
score when POWHF was started, and the size score when 
PDWHIF was started. One negative correlation was found. 
At T50 the presence of pitting limb edema gave an r of 
—0.1 but the p = 0.27. 

No other single component of the derived wound score, 
age, duration, nor anatomic distribution was shown to 
correlate statistically to the mean healing times for the 
wounds treated with PDWHF in this study. 

Discussion 

The process of wound repair involves a complex inter- 
action among biochemical amplification cascades, cir- 
culating platelets and monocytes, locally acting growth 
factors, and skin and connective tissue cells. The me- 
chanical process of wounding causes tissue disruption that 
fractures tissue capillaries, causing activation of Hageman 
factor (XII) and platelets.’ Activation of Hageman factor 
in turn activates the clotting, complement, plasminogen, 
and kinin cascades.” The clotting cascade generates 
thrombin, which stimulates platelet release of locally act- 
ing growth factors; the complement cascade generates CSa, 
which is a chemoattractant for neutrophils and mono- 
cytes; plasminogen activation generates plasmin, which 
degrades fibrin; and kinin activation produces bradykinin, 
which causes microvascular vasodilation at the wound 
edge. 

The locally acting growth factors from thrombin-acti- 
vated platelets initiate the connective tissue response by 


causing division and migration of fibroblasts and for-. 


mation of new capillaries.” Circulating monocytes become 
wound macrophages as they migrate into the wound space. 
The hypoxic wound environment is a potent'stimulus for 
macrophage-derived angiogenesis factor production®’; in 
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TIME IN WEEKS 
15 


10 


9 z å S £ is 
SIZE SCORE AT PRESENTATION 


Fic. 6. Multiple regression analysis of the initial size score at presentation 
versus time to 100% healing. This correlation {r = 0.66) is highly signif- 
icant (p = 0.005). T100 Y = 0.66 + 0.89 (size score) + 4.428 (a = 0; if 
Rx was delayed, a = 1). 


addition, other environmental or biochemical signals 
stimulate production of macrophage-derived growth fac- 
tors. These two factors continue to stimulate fibroblast 
migration, division, and enhanced structural macromol- 
ecule synthesis. The angiogenesis factor from wound 
macrophages continues to stimulate the neovasculariza- 
tion that was initiated by platelets. 

The end result of this complex interaction is transfor- 
mation of a resting connective tissue into an area of intense 
cellular movement, division, and biosynthesis, which re- 
sults in closure of the wound space with a neovascularized 
collagen mesh. 

Granulation tissue formation is followed by epidermal 
division and migration, which covers the collagen—vas- 
cular mesh with new skin. 

Recent advances in locally acting growth factor biology 
and technology have more fully delineated the role of 
these potent biochemicals in the healing process. In wound 


TABLE 8. Pearson Correlation Coefficients (r Value/p Value) 


T50 T80 T100 Pad by 

Initial size score 0.43/0.002 0.46/0.001 0.57/0.001 0.46/0.001 
Pedal pulse 

score 0.18/0.125 0.33/0.016 0.31/0.023 0.20/0.100 
Initial total 

wound score 0.20/0.13 0.29/0.03 0.44/0.002 0.33/0.013 
Total wound 

score at 

PDWHF Rx = 0.27/0.045  0.37/0.008 0.53/0.001  0.41/0.003 
Initial wound 

area 0.29/0.032 0.34/0.014 0.43/0.003  0.29/0.028 
Wound area at 

PDWHF Rx = 0.27/0.046 0.32/0.021 0.42/0.003 0.34/0.011 
Size score at 

PDWHF Rx = 0.43/0.002°  0.46/0.001 0.56/0.001 0.42/0.002 


T100, T80, T50 = time to 100%, 80%, 50% healing. 
T2 = time to total healing from PDWHF treatment. 
Limb edema at T50 r = —0.1 but p = 0.27. 
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repair the two sources of these factors are the platelet and 
the wound macrophage. Platelets release platelet-derived 
growth factor (PDGF), platelet-derived angiogenesis factor 
(PDAF), a platelet-derived epidermal growth factor, and 
platelet factor 4. PDGF is a potent fibroblast mitogen and 
chemoattractant, which when purified has no endothelial 
cell chemoattractant activity.*-'°© PDAF causes new cap- 
illary formation from the existing microvasculature.* A 
platelet-derived epidermal growth factor has been de- 
scribed but is poorly characterized. Platelet factor 4 1s a 
chemoattractant for neutrophils. These four factors ini- 
tiate the connective tissue response that results from in- 
jury. 

The wound macrophage takes over production of these 
factors from the platelet and the process of repair contin- 
ues until the wound is healed. Wound macrophages pro- 
duce a growth factor very similar in biochemical and cel- 
lular activity to PDGF.''! They also produce an angiogen- 
esis factor similar to PDAF.* To date, there is no epidermal 
growth factor activity found in the wound macrophage. 

Chronic nonhealing wounds or cutaneous ulcers are 
the result of inadequate repair. A complete delineation of 
all the causes of inadequate repair is beyond the scope of 
this discussion. The major common etiology of cutaneous 
ulcers is decreased skin perfusion and infection. Decreased 
skin perfusion can result from large artery stenosis or oc- 
clusion as in atherosclerosis, medium size artery stenosis 
or occlusion as in diabetic atherosclerosis, small artery 
disease as in vasculitis, or capillary dysfunction as in di- 
abetic basement membrane thickening. Venous hyper- 
tension from postphlebitis syndrome, extensive tissue 
trauma, or pressure also causes decreased skin, subcuta- 
neous, and occasionally bone perfusion. The end result 
is tissue ischemia and/or death. 

Infection is also a common occurrence in cutaneous 
- ulcers. The process of host defense against infection con- 
sumes oxygen. In a marginally perfused tissue, host de- 
fense activities against infection can consume so much 
oxygen that skin, connective tissue, and bone viability is 
compromised. 

Traditional treatment of these nonhealing ulcers has 
consisted of a passive attempt to alter the local environ- 
ment to favor repair over further tissue loss. Topical, oral, 
or parenteral antibiotics are administered to decrease the 
bacterial count in the wound, protective dressings that 
may alter the wound macroenvironment are used to de- 
crease tissue trauma and augment repair, and various 
topical agents that chemically debride the wound, remove 
wound exudate, or change the wound environment are 
attempted. These passive treatments can result in eventual 
repair of the wound as the destructive forces that favor 
tissue death are slowly replaced by reparative tissue 
growth. 

The chronicity and poor results with conventional 
therapy are reflected in our patient pool. The average du- 
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ration of conventional therapy in our patients was 198 
weeks (range: |~1820 weeks). 

These factors direct cellular movement, division, and 
synthetic activity. Topical application should transform 
a chronically nonhealing wound that has little cellular 
activity into a healing wound with a maximal cellular 
reparative response. To date, the lack of availability of 
these locally acting growth factors has precluded their 
clinical use. 

Previously published data showed that platelets release 
all the locally active growth factors necessary to initiate 
wound repair. The data presented in this manuscript 
demonstrate, for the first time, that the topical application 
of PDWHF stimulates repair of chronically nonhealing 
human wounds resulting in accelerated granulation tissue 
formation and epithelization. PDWHF therapy is safe, 
efficacious, and cost effective. There was no evidence of 
overhealing such as hypertrophic scar or keloid formation. 
The patients applied the PDWHF at home without dif- 
ficulty, requiring only periodic outpatient examination. 
All wounds that recurred were subsequently healed with 
additional PDWHFE treatment. 

The development of a wound severity scoring system 
based on clinical observation and simple measurements 
allows categorization of the wounds into severity groups 
for comparison and a means of numerically following the 
clinical course of wound repair. Measuring these wound, 
patient, and anatomical parameters to generate the wound 
score allowed a statistical analysis of the correlation of 
these traditional variables with measured wound repair 
rates that were stimulated by PDWHF. The result of these 
correlations demonstrates the utility of using the locally 
acting growth factor signals that control cellular function. 
The only parameters that had significant correlation on 
multiple regression analysis were the initial wound size 
and the timing of the initiation of PDWHF therapy. The 
presence of infection, exposed bone or tendon, wound 
location, patient age, patient diagnosis (other than arterial 
insufficiency), or wound duration had no correlation with 
the rate of repair. This analysis suggests that the PDWHF 
treatment can stimulate reparative cellular response in 
many different clinical situations. It does not prove that 
our traditional clinical treatment program of revascular- 
ization, debridement, and antibiotics is no longer needed. 
We cannot determine, from these data, whether the rate 
of PDWHF stimulated repair would have been decreased 
had these adjunctive treatments not been carried out. To 
prove the relative importance of PDWHF therapy versus 
standard therapy, a blinded, prospective trial is required. 

In summary, this study demonstrates for the first time 
that locally acting growth factors obtained from human 
platelets and applied topically to chronic nonhealing hu- 
man ulcers stimulates granulation tissue formation and 
accelerated epithelization. The rate of wound repair stim- 
ulated by PDOWHKF correlates only with the initial wound 
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size and the timing of PD WHF administration. The treat- 
ment is safe, efficacious, and cost effective. 
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Dr. THOMAS K. Hunt (San Francisco, California): It has been 3 or 
4 years since Dr. Knighton presented the first paper on platelets and 
wound healing before this Society. I might add that the prediction of 
that paper, that platelets would be found to play an important part of 
the wound healing mechanism, has now been reinforced experimentally 
by several other investigators, and I am gratified that human trials have 
progressed this far in such a short period. 

Experimental and clinical observations are uniform in recognizing 
that various so-called growth factors have salutary benefits on wounds 
of any persuasion—new, old, chronic, or whatever. In this sense Dr. 
Knighton’s results reinforce in humans what we already know in animals. 
However, this study should drive yet another nail in the coffin of the old 
concept that mother nature allows no tampering with wound healing. 
Sadly, I suspect a few more nails will be necessary before medical opinion 
finally gives way. 

.. The paper is unique in that humans are studied and that a severity 


"score based on factors in addition to size is proposed. This score has 


allowed a statistical approach that is unique in this field. On the other 
hand, the study is not unique in that the authors have found, like almost 
everyone before them, that it is very difficult to study a single variable 
in wound healing, and in fact they have a multivariable study. It remains 
to be seen, I think, whether the statistical approach engendered by the 
score can overcome (as it has from time to time in other areas) the value 
of a simple, direct method to test single variables, Łe., a prospective test 
system in a standardized wound. 

I suspect that some of the other discussants will find some fault with 
this paper. The power of platelet factor is not fully demonstrated; the 
scoring system is not fully validated yet; but this is a good start, and I 
submit that it would be very difficult to present a paper on a scoring 
system alone before a Society such as this. Most important, here, is the 
use of historical controls only. Today, this is not. acceptable, but I remind 
the Society that data generated in just that way has led to many important 
discoveries. 

The paper opens several new areas, and I confidently expect that it 
will be the start of a new generation of human studies. There is no doubt 
in my mind that it will lead to something useful. In that regard I would 
like to ask a couple of questions: l 

First, why do the patients who have delayed start of therapy do better? 
I would have thought that each would have done the same, starting at 
any point in their history. Why do bone defects not make more of a 
problem? I should have thought that the ngid, bony edges that do not 
allow collapse of wounds would have led to a longer time for recovery 
in both groups. I hope that perhaps in your closing remarks you will 
give us some details about how you prepared the factor. 
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Dr. STANLEY M. LEVENSON (Bronx, New York): I had the opportunity 
to review this paper last night and enjoyed it very much. I want to com- 
pliment Dr. Knighton and his colleagues for attempting to study this 
important problem in patients. I am glad to see that the two nurses who 
did so much of the work are coauthors of the paper. 

I would like to read the avowed aim of the study: “To test the efficacy 
of topically applied platelet derived wound healing factors in stimulating 
repair of chronic, non-healing cutaneous wounds.” 

Dr. Knighton has described a very simple technique for the preparation 
of the platelet derived growth factor(s), and you will notice that he made 
no attempt to purify any of the factors; and that is good, because by 
preparing the autologous platelet preparation the way he did it likely 
contained all, supposedly, of the active growth promoting components. 
There were no complications associated with the use of the platelet prep- 
aration, and apparently there was a dramatic clinical effect. That 
sounds great! 

On the other hand, was the therapeutic effect due to the platelet prep- 
aration? The experimental design of the study really does not lend itself 
to that conclusion. That does not mean that the therapeutic effect was 
not due to the platelet derived growth factor(s) preparation, but that 
study as designed does not prove that, because there were no appropriate 
controls in the study. I realize that it is not easy to do a double-blind 
study, but I think that should have been done. Whether Dr. Knighton 
will feel that to initiate such a study now is morally justified in view of 
his findings and interpretation is something he will have to decide. 

I want to ask Dr. Knighton a couple of questions about the dressing 
technique. He mentioned that the test material was applied for 12 hours 
during the day and then removed and a silver sulfadiazine ointment 
dressing applied. Was that done because he wanted to have the che- 
motherapeutic effect of a local antibiotic or chemotherapeutic agent? 
Did he want to save the platelet derived growth factor preparation because 
of shortage of supply? Did he feel that the alternating treatment had 
some not clearly defined mechanistic or mechanical effect? Also, was 
there any special reason why 12-hour shifts were used for the platelet 
preparation and silver sulfadiazine ointment? That is not a facetious 
question, because we all know that depending on when something is 
done during the 24 hours of a day (diurnal rhythm) there may be a 
dramatically different effect. I need only remind you that a dose of en- 
dotoxin that will be 100% lethal for mice when given at 2 A.M. is nonlethal 
when given at 10 A.M. 

Also, the acceleration of healing ascribed for the more rapid wound 
closure was accelerated epithelialization, but, as demonstrated in the 
pictures of the case presented, closure of the wound was chiefty by con- 
traction, and that is what I would have anticipated. If one goes back to 
the studies of Alexis Carrel about 70 years ago dealing with the healing 
of open wounds, he pointed out that contraction, contracture, and ep- 
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ithelialization were involved. It would be interesting for Dr. Knighton 
to re-review his data, since he doubtless has pictures of all the healing 
wounds, to see what proportion of the healing process occurred by these 
various mechanisms. 

Also, we should not generalize from the apparent lack of effect of age 
of the patient on wound healing demonstrated in this study. 1 would 
point out the very small number of patients in the age groups studied, 
and the very, very small number of patients less than 20 years of age. 
Again, ] would like to recall to you that DuNuoy and Carrel some 60 
or 70 years ago demonstrated an effect of age on healing of open wounds 
in humans, and DuNuoy worked out a mathematical formula for the 
effect of age on the rate of closure of open wounds. 

Finally, Dr. Knighton mentioned that the location of the wound did 
not make any difference in terms of rate of wound closure; but when 
one looks at the data, there are really not enough wounds in different 
locations to make one secure in that conclusion, and I suspect that location 
will turn out to be a factor. We know, for example, that the rate of 
contraction is considerably different at different sites. 

Dr. Knighton said that he did not start the platelet derived growth 
factor(s) preparation therapy until the wound was clean and free of all 
devitalized tissue, revascularization procedures were carried out when 
needed, etc. In view of that, I think that is not surprising that the earlier 
the treatment was started, the greater the therapeutic accelerating effect, 
since that wound may well have been better to begin with and, therefore, 
would be expected to heal faster. 

Finaily, I would like to call attention to a recent paper in Lancet where 
a similar clinical study was done using a slow-release oxygen compound 
that was reported to hasten wound healing. 


Dr. BASIL A. PRUITT, JR. (Fort Sam Houston, Texas): I too would 
like to thank Dr. Knighton for the privilege of reviewing his manuscript. 
It is important in any clinical wound healing study to have a control 
group, and I wonder whether Dr. Knighton’s group has applied a collagen 
salve without platelet growth factor to see whether the collagen per se 
exerts a similar effect? 

In the discussion section of the paper, Dr. Knighton notes that platelets 
as well as wound monocytes produce an angiogenic factor, and one can 
ask whether the capillary density in these wounds has been correlated 
with the treatment agent. I also wonder whether there were organism- 
specific effects on wound healing; that is, if the wounds were colonized 
or infected with collagenase-producing organisms was the healing delayed? 
As I reviewed the manuscript, it appeared that you always used the pa- 
tient’s own platelets to concoct the salve. If you used someone else’s 
platelets was the same effect on wound healing observed? 

There were four wounds that broke down, and I hope that you will 
tell us the reason for that recidivism. 

The total wound score rather disappointingly showed little correlation 
with healing time, and the statistical significance resided in wound size 
alone. If that is so, is there any need to calculate the total wound score? 
Lastly, a regression with an r of 0.66 means that 56% of the variation in 
healing time remains unexplained. What other factors do you think ac- 
count for that residual variation in time to 100% healing? 


Dr. ERLE E. PEACOCK, JR. (Chapel Hill, North Carolina): Since I 
have not read the manuscript, my remarks are based totally on the pre- 
sentation. 

I may have missed something, but from what I heard and saw I agree 
completely with Drs. Levenson and Pruitt that it is not possible to con- 
clude from the presentation that growth factor had anything to do with 
healing of the wounds. When patients are merely placed in a wound 
healing study and someone becomes interested in their wound, looks at 
it once a day or changes the bandage and measures it regularly, many 
wounds will heal regardless of what else is being done or without the 
addition of some alleged wound healing factor. 

Another factor that was not controlled is the possible effect of the 
collagen substrate. Let us assume, for a moment, that the absence of a 
wound healing factor was not involved in any of these patients’ wounds 
but that their problem was primarily one of excess tissue collagenase 
activity. The collagen substrate in the ointment could have absorbed 
tissue collagenase and promoted wound healing by allowing normal col- 
lagen synthesis and deposition to occur without collagenolytic overac- 
tivity. 
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I do not want my discussion to be interpreted as minimizing the possible 
importance of growth factor in wound healing. Since Tom Hunt and 
Dave Knighton discovered the platelet factor and Kelman Cohen dem- 
onstrated a similar activated macrophage factor, wound healing biology 
has had a potentially important and clinically applicable modality. I see 
the possible importance of their work, however, more as a way of pre- 
paring normal tissue for elective surgery rather than as a method of 
stimulating healing in some chronic ulcer. 


Dr. CARLO E. Grossi (New York, New York): Dr. Nealon and I have 
been interested in taking care of patients with decubiti in nursing homes. 
It has been our observation that patients on a study program get constant 
attention by an interested group and their decubiti heal faster than those 
patients under ordinary care of a variety of physicians. 

I would like to ask two questions of the authors of this important and 
provocative paper on the basic problem of wound healing. Was the wound 
pH measured? Second, was the nutritional status of these patients quan- 
tified and monitored? Was the serum albumin recorded during the period 
of the study? I want to thank the Association for the privilege of discussing 
this paper. 


Dr. DAVID R. KNIGHTON (Closing discussion): I would like to thank 
all the discussants for their comments. 

(Slide) In anticipation of the discussion that there needed to be a 
double-blind randomized control trial, we just recently completed a pro- 
spective randomized double-blind control trial. All patients received the 
same wound care according to standard protocol. The placebo consisted 
of the platelet buffer combined with collagen, without PDWHF. 

All patients on the positive material healed and nine of 12 patients 
on control failed to heal. When crossed to the positive groups, nine of 
nine control patients then healed. These data are preliminary and will 
be reported in a later publication. 

To answer Dr. Hunt’s questions, patients with delayed platelet derived 
wound healing factor therapy healed more slowly because their wounds 
were usually more infected at the start. Patients with bone infections 
had the infected bone debrided away, and we feel that the reason this 
did not have a statistically significant effect on the rate of healing was 
the fact that we produced very rapid granulation tissue formation from 
the surface of the debrided bone. 

Dr. Levenson, the patients were allowed to put the platelet factors on 
day or night, whichever they liked. Most of the patients put them on at 
night. We did that because we wanted to use a topical antibiotic for the 
other 12 hours of therapy. 

I disagree that these wounds heal totally by contraction. When we 
looked at our photographic data, we observed mainly granulation tissue 
filling the wound defect, followed by epithelialization, which then ma- 
tured, There was some contraction at the end of the period but not in 
the early phases. 

Dr. Pruitt, we did not measure capillary density directly. However, 
we used quantitative dermal fluorimetry and showed an increase in cap- 
illary density in those wounds after therapy. We are presently analyzing 
the organisms in those wounds, and that is the topic of another presen- 
tation. We have used other people’s platelets in two patients who were 
thrombocytopenic and had the same results. 

The recidivation rate reported was due to diabetic patients with bio- 
mechanical problems, and all those wounds healed on subsequent therapy. 
The total wound score was developed at the beginning of this study, and 
the question does remain whether we will continue using it. I think that 
we will, because we want to look at the various clinical factors as we 
purify the growth factors and are able to use them alone and in com- 
bination in other studies. 

Dr. Peacock, I do not think the adding of collagen accounts for the 
observed results; | appreciate your comments on normal repair. The 
reason we chose chronic nonhealing wounds for this initial study was 
that we can look at them, measure them, and make a determination 
from them. Also, we felt that if we could make these wounds heal, the 
application in normal surgical repair would be an obvious progression. 

Dr. Grossi, the patient’s wound pH was not measured. However, we 
did do an extensive nutritional analysis of all these patients, and that 
will be the topic of another paper. 
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Middle aortic syndrome typically occurs as severe hypertension 
in young patients who have weak or absent femoral pulses and 
an abdominal bruit. It results from a diffuse narrowing of the 
distal thoracic and abdominal aorta, commonly involving the vis- 
ceral and renal arteries. The clinical presentation, angiographic 
assessment, and surgical outcome of 10 patients (mean age: 19.5 
years) who underwent one-stage revasculsrization for middle 
aortic syndrome were reviewed to determine the effectiveness 
and durability of one-stage revascularization techniques to relieve 
these complications. All patients were hypertensive (mean blood 
pressure: 176 mmHg) six (60%) had severe, poorly controlled 
hypertension, two of whom had previous failed operations for 
renovascular hypertension and one who presented with malignant 
hypertension and acute renal failure. Five patients had disabling 
myocardial insufficiency, only one of whom had documented cor- 
onary artery disease. Four patients had intermittent claudication. 
Aortography showed variable length high-grade midaortic ste- 
nosis, nine had visceral artery involvement, and eight had renal 
artery involvement. All patients underwent one-stage revascu- 
larization by a variety of autogenous and prosthetic techniques. 
The postoperative recovery was uncomplicated in eight of nine 
patients and was often associated with dramatic reduction in 
blood pressure. There was a single death from disruption of the 
thoracic anastomosis in a patient who had diffuse cystic medial 
necrosis of the aorta. Arterial biopsy in nine patients indicated 
evidence for both acquired and congenital origins of the midaortic 
stenosis. Late follow-up evaluation (mean: 4.1 years) showed 
normal growth and development, preservation of renal function, 
and relief of myocardial insufficiency in all patients. Seven pa- 
tients (77%) are cured of their hypertension, and two (23%) have 
only mild hypertension. These results indicate that one-stage 
. Tevascularization of patients with middle aortic syndrome can 
result in effective and durable relief of these severe life-threat- 
ening complications. 


narrowing of the distal thoracic or abdominal 
aorta commonly involving both the visceral 
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IDDLE AORTIC SYNDROME results from a diffuse - 


From the Department of Surgery, University of California, 
San Francisco. 


and renal arteries. This rare syndrome of unknown etiol- 

ogy typically occurs in young patients, usually in the sec- 

ond decade of life who are found to have severe hyper- 

tension, absent femoral pulses, and an abdominal bruit. 

Although the natural history of middle aortic syndrome 

is not known, the course of symptomatic patients treated 

medically has been documented in several series. Senning 

and Johansson! reported the fate of 32 patients, ten of 
whom died mostly from cerebral hemorrhage before age 

34. In a large review of 89 patients, Onat and Zeren? re- 

ported a mean age at death of 34 years in symptomatic 
patients. Forty-two of these patients developed hyperten- 

sive encephalopathy, most patients dying of congestive 

heart failure and stroke. 

This condition has many other synonyms, which in- 
clude subisthmic coarctation, atypical coarctation, and 
abdominal coarctation. We chose to avoid the term 
coarctation, which connotes a vascular abnormality of 
congenital origin, in a specific location, and a character- 
istic presentation very early in life. In contrast, middle 
aortic syndrome describes a condition that almost cer- 
tainly has multiple etiologies, is variable in its location 
and extent, and has a diverse clinical presentation. Al- 
though the incidence of this syndrome is quite rare, our 
experience and that of others’ suggests that it has been 
treated with greater frequency during the past 15 years. 
There are very few reports that document the results of 
modern surgical techniques in the treatment of this syn- 
drome.*~ In addition, since bypass techniques have been 
used almost exclusively, there has been very little histo- 
pathology available on which to determine concretely the 
etiology of this syndrome. We have now operated on ten 
of these patients, the first 13 years ago and, in addition, 


- have histopathology available for examination in nine of 


these ten patients. The purpose of this report is to review 
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Fic. 1. Typical angiographic appearance of middle aortic syndrome. 
Tight midaortic stenosis, high-grade renal artery stenoses, and superior 
mesenteric artery (top arrow) and celiac artery occlusion (bottom arrow). 


the clinical presentation and angiographic assessment, 
surgical outcome, and histopathology of these ten patients 
in order to determine the effectiveness and durability of 
our operative techniques to relieve the life-threatening 
complications of middle aortic syndrome. 


Patients and Materials 


The records of all patients who underwent revascular- 
ization procedures for middle aortic syndrome at Moffitt 
Hospital, University of California Medical Center, San 
Francisco, were reviewed. Pertinent preoperative data ob- 
tained from the records included presenting symptoms 
and signs, electrocardiograms, chest radiographs, blood 
urea nitrogen and creatinine levels, and results of angiog- 
raphy. The surgical record and postoperative course in 
these patients were reviewed to determine the nature of 
the operation performed, its attendant complications, and 
the early outcome. All biopsy materials were reviewed by 
an experienced vascular pathologist. 

Follow-up was obtained in all patients. This included 
examination by the operative surgeon as well as by the 
referring physician. Postoperative angiograms were ob- 
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tained in eight of the ten patients often within the first 


year after operation. 


Results 


Ten patients, eight females and two males, with a mean 
age of 19.5 years (range: 8-34 years), underwent one-stage 
revascularization for middle aortic syndrome. One patient 
who had neurofibromatosis and mental retardation was 
the only patient known to have a congenital abnormality. 

Upon clinical presentation, all patients were found to 
be hypertensive, with a mean blood pressure of 176 mmHg 
(range: 140-260 mmHg), despite aggressive medical 
treatment. Six patients (60%) had severe, poorly controlled 
hypertension, including two who had previous failed op- 
erations for hypertension and one who presented with 
malignant hypertension and acute renal failure. Five pa- 
tients had evidence of myocardial insufficiency charac- 
terized by exertional angina and shortness of breath in 
three, recurrent pulmonary edema in one, and dyspnea 
on exertion in another. Only one of these patients had 
documented coronary artery disease. 

The preoperative chest radiograph and electrocardio- 
grams further documented the severity of the hypertension 
in these patients. Six of the nine patients in whom elec- 
trocardiograms were available for review showed left ven- 
tricular hypertrophy. In addition to the findings of hy- 
pertrophy, three had evidence of ischemia: one patient 
had an old inferior and anterior myocardial infarction, 
another had inferior ischemia, and the third had nonspe- 
cific ST segment and T wave changes. Two of the nine 
preoperative chest radiographs showed cardiomegaly. 

Only one patient had impaired renal function before 
operation. She presented with malignant hypertension, 
acute anuric renal failure, and obtundation. She had a 
prior history of stroke at age 16. Four of the ten patients 
had lower limb claudication. 

Preoperative angiography showed a variable length, 
high-grade midaortic stenosis usually extending from just 
above the celiac artery to just below the renal artery in 
all patients (Fig. 1). In eight patients there were renal artery 
stenoses, which were bilateral in seven. These stenoses 
were usually confined to the orifice. Three patients had 
multiple renal arteries. The visceral arteries were abnormal 
in nine patients. Typically, there was either a high-grade 
stenosis with postenotic dilatation or an occlusion. All 
the patients who had visceral artery involvement had a 
characteristic huge meandering artery (Fig. 1). Two pa- 
tients had small branch renal artery aneurysms. One pa- 
tient had a left-sided vena cava. 

All patients underwent a one-stage revascularization 
by a left thorocoabdominal, retroperitoneal approach in 
eight, a median sternotomy and transabdominal midline 
approach in one, and a transabdominal midline approach 
alone in another. The aortic obstruction was relieved by 
patch enlargement in one patient, by thorocoabdominal 
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TABLE |. Revascularization Techniques for Middle Aortic Syndrome Reconstruction 
Age Aorta Autograft Origin Renal Visceral 
8 Dacron® patch aorto- Right common, internal, Retrograde aortic bilateral —- 
plasty external iliac arteries renal bypass 
16 Thoracoabdominal Right external iliac artery Left renal artery reimplan- Aortoceliac artery 
bypass graft tation into bypass graft interposition 
Hepato—right renal bypass graft 
via arterial autograft 
11 Thoracoabdominal Aortoiliac bifurcation Antegrade aortic bilateral 
bypass graft renal artery bypass 
34 Thoracoabdominal 
bypass graft 
26 Thoracoabdominal 
bypass graft 
17 Infra SMA aortic re- Antegrade aortic bilateral 
placement graft renal bypass 
Resection L renal aneurysm 
28 Ascending aortic to Aortic graft-—left renal ar- Aortic graft— 
infrarenal aortic tery bypass SMA bypass 
Dacron bypass graft 
17 Thoracoabdominal Reimplantation right renal 
bypass graft artery 
15 Thoracoabdominal Aortic bilateral renal artery Aortic bifurcation 
bypass graft Dacron bypass grafts graft to celiac 
and SMA 
24 Aortic endarterectomy Transaortic bilateral renal Transaortic vis- 
endarterectomy ceral endarter- 


SMA = superior mesenteric artery. 


bypass in eight, and by endarterectomy in one (Table 1). 
All patients underwent complete renal revascularization. 
This was accomplished by a combination of autogenous 
and prosthetic techniques depending on the age- and 
growth potential of the patient as well as the size of the 
renal arteries (Table 1). The aortoiliac segment or a part 
of it were used for the autogenous renal grafts, and the 
resulting deficit in vascular continuity was replaced with 
a prosthetic bypass graft.”* Visceral artery revasculariza- 

tion was achieved by bypass grafting in three and end- 
arterectomy in one. 

One patient died from the sequellae of a suture line 
disruption of her thoracic anastomosis in the recovery 
room. Although she was resuscitated and successfully re- 
paired, she suffered irreversible cerebral ischemia. The 
postmortem showed diffuse aortic cystic medial necrosis. 
The postoperative recovery was uncomplicated in the re- 
maining nine patients and was often associated with dra- 
matic reduction in blood pressure. 

Nine patients underwent biopsy of an involved vessel. 
Aortic biopsy was performed in seven patients, and an 
additional renal biopsy was available in six of these seven 
patients. The other two patients had biopsies of various 
branches of the aorta. Aortic biopsy revealed chronic in- 
flammatory aortitis in two patients (Fig. 2). One patient 


ectomy 


had severe transmural atherosclerosis with calcification 
and fibrosis; biopsy of the renal and celiac artery in the 
same patient showed myointimal fibrosis and medial cal- 
cification. The microscopic findings in this patient sug- 
gested “burned-out” inflammation. Two had evidence of 
advanced atherosclerosis. Both of these patients were 
young women of Asian descent. One had features of Tak- 
ayasu’s syndrome, i.e., involvement of multiple branches 
of the aortic arch. Cystic medial necrosis was identified 
only in the one patient who died. One patient had an 
unusual “medial degeneration” and areas of intimal ath- 
erosclerosis. Two patients had myointimal hyperplasia in 
aortic branches, although neither had an aortic biopsy. 

Late follow-up (mean: 4.1 years, range: 6 months—13 
years) was available in all nine survivors. Seven were cured 
of their hypertension, and two had only mild hyperten- 
sion. Remarkably, no patient had symptoms of myocar- 
dial insufficiency. The patient with documented coronary 
artery disease had unstable angina and underwent suc- 
cessful aortocoronary bypass grafting before correction of 
her middle aortic syndrome. All patients have normal 
renal function. Growth and development in the very 
young patients has proceeded normally. One patient has 
had an uneventful pregnancy and delivered a normal term 
infant. 
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Follow-up angiography was available in seven patients. 
All grafts were patent and without significant stenosis ex- 
cept for the following findings. One patient has stable 
aneurysmal changes in the arterial autograft used for aor- 
torenal bypass 13 years ago. A second patient had an early 
occlusion of a small lower pole renal artery graft. Lastly, 
one patient underwent arteriography for persistent hy- 
pertension. He had originally undergone bilaterial renal 
artery saphenous vein grafts at another hospital at 7 years 
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Fics. 2A and B. 4, lefi. Aortic 
biopsy showing adventitial 
fibrosis (top), intimal thick- 
ening (bottom), and focal 
chronic inflammation. Ar- 
row shows internal elastic 
membranes separating media 
and intima. B, right. Higher 
power of adventitia, showing 
inflammatory cell infiltrate, 
increased vascularity. 


ofage. More recently, because of intractable hypertension 
and a follow-up angiogram that showed an occluded right 
aortoiliac graft and aneurysmal degeneration of the left 
graft, we performed an arterial autograft between the 
common hepatic and right renal artery as well as reim- 
plantation of the left renal artery into a thorocoabdominal 
bypass graft. He developed hypertension approximately 
7 months after this procedure, and an arteriogram revealed 
an unsuspected celiac artery stenosis arising from his 


Fics. 3A and B. Postoper- 
ative angiogram showing 
proximal (4, left) and distal 
(B, right) anastomosis of 
thoracoabdominal bypass. 


im 
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midaortic disease. Since the hepatorenal reconstruction 
depended on normal antegrade perfusion, aortoceliac ar- 
tery Dacron® bypass was performed (Fig. 3). He is now 
normotensive 10 years later on no medication. 


Discussion 


Middle aortic syndrome is a rare clinical entity that 
may result in life-threatening complications secondary to 
severe hypertension. There are few published reports that 
document the results of modern surgical treatment. Our 
results in a series of ten patients indicate that one-stage 
revascularization by combination of prosthetic and au- 
togenous techniques can relieve the severe hypertension 
and its attendant complications found in these patients. 

The surgical management of patients with middle aortic 
syndrome requires a unique approach in each individual 
patient. We believe that all patients who have symptom- 
atic renovascular hypertension should undergo operative 
correction. The timing of surgery depends on the severity 
of the hypertension and the age of the patient. Although 
it is preferable to postpone surgery until the patient has 
reached his full growth potential, the presence of severe 
intractable hypertension requires immediate surgery in- 
dependent of the age of the patient to avoid the compli- 
cations of stroke and heart failure and their sequellae. 

Careful preoperative angiography is essential for plan- 
ning a successful operative strategy. This includes multiple 
oblique views of the renal arteries and a lateral aortogram 
to determine the status of the remainder of the visceral 
vessels. The renal artery stenoses are often short ostial 
lesions that are signalled by the presence of a dilated distal 
artery. The incidence of visceral artery involvement in 
our patients (9 of 10 patients) is much higher than that 
in most other reports. We believe that this higher incidence 
is not due to patient selection but rather the routine use 
of lateral aortography. Determination of visceral artery 
involvement is important if alternative means of renal 
artery vascularization are to be considered. 

We believe that one-stage revascularization is the pro- 
cedure of choice for most patients. Because these patients 
have severe hypertension, the most important goal of the 
operation is the restoration of renal blood blow to relieve 
the hypertension.” The surgical approach depends largely 
on the presence of direct renal artery or visceral artery 
involvement. Thus, patients who have either renovascular 
hypertension and/or lower limb claudication on the basis 
of a tight midaortic stenosis without branch involvement 
can have effective relief by simple thoracic aortic to ab- 
dominal aortic bypass (Fig. 4) or patch aortoplasty. Pa- 
tients who have involvement of the major aortic branches 
require more complex repairs. 

Relief of the aortic constriction by either patch aorto- 
plasty or bypass are complementary options. Patch aor- 
toplasty is a techinque applicable to the very young patient 
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Fic. 4. Postoperative angiogram showing thoracoabdominal bypass and 
reimplantation of left renal artery into the graft. Right renal artery re- 
vascularized by an arterial autograft between the common hepatic artery 
and right renal artery. Celiac stenosis was relieved by a Dacron® inter- 
position graft. 


who requires revascularization for severe hypertension, 
which leaves the possibility of thoracoabdominal aortic 
bypass at an older age after the patient 1s physically ma- 
ture. 

An important consideration in the performance of an 
aortic bypass is the site of the proximal anastomosis. The 
single death in our senes occurred in a young woman who 
underwent a proximal anastomosis to a descending tho- 
racic aorta that was later found to have diffuse cystic me- 
dial necrosis. She suffered suture line disruption in the 
immediate postoperative period. This consideration 
prompted us to choose the ascending aorta as the site of 
proximal anastomosis in a later patient in whom we sus- 
pected an abnormal descending thoracic aorta (Fig. 5). 

The options for renal artery reconstruction are multiple 
and include autogenous arterial or venous grafts, pros- 
thetic grafts, patch angioplasty, and autotransplantation. 
Our approach has been to reserve arterial autografts in 
the renal position for the very young patient who has 
small vesseis and has not reached his full growth potential. 
Prosthetic grafts are employed in the older patient who 
has reached physical maturity, as the larger vessels with 
post stenotic dilatation are easily reconstructed by an an- 
tegrade graft. 

The indications for visceral artery revascularization are 
less well defined. Although chronic abdominal pain 
thought to be secondary to chronic visceral ischemia was 


336 





Fic. 5, Illustration of the revascularization of a patient who was suspected 
to have had a diffusely diseased descending thoracic aorta before oper- 
ation. Graft is brought from the ascending aorta through the diaphragm 
posteriorly, tunneled beneath the pancreas, and attached distally to the 
infrarenal aorta. The superior mesenteric and left renal arteries are re- 
vascularized by Dacron® interposition grafts, 


apparently common when the syndrome was first de- 
scribed,’ it was not seen in our patients. Four patients 
underwent visceral artery revascularization (Table 1). As 
previously described, one was required to relieve a celiac 
artery stenosis in a patient who underwent hepatorenal 
bypass. Another was performed because the bowel ap- 
peared ischemic at the completion of the operation. Two 
were performed prophylactically. 

The effectiveness of the relief of the hypertension 
achieved by these operations was evidenced by cure of 
the hypertension in seven patients and significant im- 
provement in the remaining two. Four patients who had 
evidence of myocardial insufficiency before operation, 
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only one of whom had documented coronary artery dis- 
ease, have had complete relief of these symptoms. Except 
for the patient who had documented coronary artery dis- 
ease, we believe the remainder of the patients had myo- 
cardial insufficiency on the basis of severe hypertension 
and increased afterload. 

The patient who presented in acute oliguric renal failure 
had return of normal renal function following thoracoab- 
dominal aortic bypass. In spite of the very high prevalence 
of renal artery disease and renovascular hypertension in 
patients with middle aortic syndrome, to our knowledge 
this is the first report of a patient with documented acute 
renal insufficiency. 

The follow-up of these patients (mean: 4.1 years) in- 
dicates that the results were durable. Seven of the nine 
survivors remained cured of their hypertension, and the 
remaining two continued to have only mild hypertension. 
Renal function has remained normal in all patients. The 
only significant problem detected on postoperative an- 
giography was an unsuspected celiac artery stenosis in a 
patient who became hypertensive after hepatorenal by- 
pass. This illustrates two important points in the man- 
agement of these patients. First, careful lateral aortography 
should be performed before either a hepatorenal or sple- 
norenal bypass is undertaken. Second, revascularization 
of patients with middle aortic syndrome results in very 
effective relief of their hypertension, and all patients who 
develop postoperative hypertension should undergo im- 
mediate repeat angiography. 

The etiology of middle aortic syndrome has been the 
subject of considerable controversy, most authors at- 
tempting to develop a single hypothesis to explain all of 
the reported cases. The controversy centers around 
whether this syndrome is a congenital or an acquired con- 
dition. An early report by Maycock!® suggested that mid- 
dle aortic syndrome was a congenital lesion that resulted 
from failure of fusion of the paired dorsal aortae during 
the fourth week of gestation. This hypothesis was further 
supported by the clinical observation by Graham et al.,? 
who noted a very high incidence of multiple renal arteries. 
The paired dorsal aortae fused at approximately the same 
time that the multiple renal branches to the metanephros 
recede, leaving only a single renal artery. In addition to 
this evidence, support for the congenital hypothesis comes 
from the known association of middle aortic syndrome 
with a number of congenital syndromes,''~'4 including 
neurohbromatosis, rubella, infantile hypercalcemia, and 
tuberous sclerosis. 

Support for the acquired hypothesis'*-'° comes largely, 
although not exclusively,*!’"'? from reports from India 
and Asia. It holds that middle aortic syndrome is second- 
ary to a localized aortitis resulting in segmental stenosis 
of the aorta that is often complicated by atherosclerosis.” 
Sen et al.’ reported a clinicopathologic study of 16 patients 
with middle aortic syndrome. Many of them also had 
tuberculosis, and evidence for aortitis was found in each 
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patient. Daimon and Kitamura'® report the findings of 
nonspecific aortitis in 14 of 26 patients with middle aortic 
syndrome. These authors believe that middle aortic syn- 
drome represents a variant of Takayasu’s aortitis. In fact, 
Lande"’ reports that re-evaluation of the pathology of the 
original case reported by Maycock shows unequivocal ev- 
idence of aortitis. 

Our review of the histopathology obtained in nine of 
the ten patients indicates that middle aortic syndrome 
results from a number of distinct etiologies of both con- 
genital and acquired origin. Two patients had evidence 
of chronic inflammatory aortitis, and one had findings of 
atherosclerosis and a “burned out” aortitis. Three patients 
had evidence of atherosclerosis, which could represent a 
generalized response to arterial wall injury of either an 
acquired or congenital cause. Another patient was found 
to have extensive cystic medial necrosis. Although typi- 
cally one notes aneurysmal changes with this disease, this 
is not the first report of the association of cystic medial 
necrosis and middle aortic syndrome.’” Finally, one pa- 
tient had a picture of peculiar medial degeneration. 

The extended outlook for these patients is uncertain. 
Our follow-up results at a mean of 4.1 years following 
single stage complex revascularization techniques for pa- 
tients with middle aortic syndrome have resulted in ef- 
fective relief of their hypertension and offer an excellent 
prospect for a cure of this life-threatening lesion. The du- 
rability of these prosthetic aortic bypasses and autogenous 
or prosthetic aortic branch reconstructions will be the ul- 
timate determinant of their quality and length of life. The 
high flow in the vascular beds reconstructed in these pa- 
tients should favor prolonged patency, allowing these pa- 
tients the opportunity for a full, healthy life. 
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DISCUSSION 


Dr. MICHAEL E. DEBAKEY (Houston, Texas): I would like to com- 
mend Dr. Messina and his associates on bringing this matter to our 
attention, but I do have some concern about the use of the term “middle 
aortic syndrome,” largely because when I first saw it on the program 
and before I read the abstract, I was not sure what it meant. The signif- 
icance of that statement lies in the fact that the term will be recorded in 
the medical archives, particularly in the indexing sources, and it will be 
difficult to retrieve the references to this syndrome by those who wish 
to review previous reports on this condition. 

In the past, traditionally, this syndrome has been referred to as coarc- 
tation, and in the medical journals you will find references to subischemic 
coarctation or coarctation of the abdominal aorta, which is the term we 
used in our first publication and our first presentation in 1959. At that 
time, we had 21 cases, and in a review of previous publications, we 
pointed out that much of the earlier direct attack on this condition was 
concerned with resection and homograft replacement. I think Glenn 
performed the first bypass in 1952, using the splenic artery. That, of 
course, did not completely resolve the problem, but it did improve cir- 
culation to the abdominal aorta. 

Following those who had preceded us with this problem, in our initial 
experience with our first patient in 1953, we also performed resection 
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and homograft replacement. Later, however, we began to use the bypass 
principle, particularly as it related to the need to restore circulation to 
the renal arteries, because most of the patients we encountered had renal 
artery stenosis in association with coarctation of the lower thoracic and 
abdominal aorta. 

As Dr. Messina indicated, some patients with this syndrome do not 
have renal artery stenosis, and the lesions also vary considerably. I would 
like to show you a few examples of our own experience, which now 
comprises more than 60 cases, with results that I think are comparable 
to those of Dr. Messina, which I think were quite good. 

(Slide) This slide is from our second presentation of 26 cases (in the 
original article we had 16 cases). It shows how we progressed from using 
homograft replacement to bypass with Dacron® grafts. One patient had 
endarterectomy associated with bypass, but most patients had thora- 
coabdominal bypasses with additional bypass grafts to the renal arteries. 

(Slide) This slide shows some of the variations——a very well-localized 
area in the lower descending thoracic and upper abdominal aorta. There 
was no need for correction of renal artery stenosis since this was not 
present, so the bypass corrected the problem quite well. Twenty-two 
years later, the patient remains asymptomatic, and the aortogram shows 
the Dacron graft functioning well. 

(Slide) This patient, a 34-year-old white woman, had complete occlu- 
sion of the descending thoracic aorta but little or no involvement of the 
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upper abdominal aortic visceral branches and no gradient in them. 
Twenty-six years after operation, the patient is asymptomatic, and, as 
you may observe from the aortogram, the graft is functioning well. 

(Shde) As Dr. Messina indicated in one of his patients with coronary 
insufficiency, there may be other associated vascular problems. This pa- 
tient, a 21-year-old white woman, had occlusion of the major branches 
of the aortic arch, which was corrected with a bypass. The subclavian- 
subclavian bypass later became occluded, but sufficient collateral cir- 
culation apparently had developed so that the patient became asymp- 
tomatic, and there was no need to perform an additional operation. The 
aortogram shows the thoracoabdominal graft functioning well 25 years 
after operation, as well as complete localized occlusion of the descending 
thoracic aorta and severe stenosis of the upper abdominal aorta. 

(Side) This patient, a 35-year-old white woman, has remained well 
for more than 28 years after the thoracoabdominal bypass graft, which 
the aortogram shows is functioning well, but 23 years after this bypass, 
severe disease developed in both carotid arteries, requiring operation 
consisting of endarterectomy and patch-graft angioplasty on both of them. 
The patient has remained asymptomatic, and nearly 30 years after op- 
eration 1s one of our longest follow-up patients. 

(Slide) Here is an example of using the bypass sometimes to attach to 
a renal artery that might be stenosed, making a relatively simple procedure 
of correction, as pointed out by Dr. Messina. Twenty-three years later, 
this patient is asymptomatic. 

(Slide) Most patients have renal artery stenosis. Here is a comparatively 
long stenotic segment with severe hypertension, as Dr. Messina indicated. 
In most of these patients, we have found it necessary to bypass both 
renal arteries, There are various ways of doing this. This is an example 
of one way in which a bifurcation Dacron graft is used to bypass both 
renal arteries from the lower abdominal aorta after the thoracoabdominal 
bypass graft is completed. Twenty-three years later, the graft is functioning 
well, and the patient, a white woman who was 14 years old at the time 
of operation, has remained well. 

(Slide) Another way, which we prefer to use in young patients, is to 
do the bypass with a vein graft. This was a 7-year-old white girl in whom 
we performed a thoracoabdominal Dacron bypass graft and an autoge- 
nous saphenous vein bypass graft from the abdominal aorta to both 
renal arteries. Six years after the original operation, a huge aneurysm 
had developed in this vein graft; we had to repair it, and the patient is 
now asymptomatic. 

I agree with Dr. Messina that it is desirable to wait until the child is 
past the very early age. Our patients ranged from 1 to 57 years. 

(Slide) Here is another example of a requirement to perform a sec- 
ondary procedure. In this patient, a 20-year-old white woman, it was 
necessary to perform bypass to the superior mesenteric and right renal 
arteries in addition to the thoracoabdominal bypass graft. Twenty-two 
years later, the bypass grafts are functioning well. 

(Slide) Finally, this patient, a 19-year-old white woman, had severe 
stenosis of all the visceral branches, both renal and superior mesenteric. 
The patient had not only severe hypertension but hypertensive enceph- 
alopathy. Sixteen years later, she is doing well, and all bypass grafts to 
the renal, superior mesenteric, and celiac arteries are functioning well. 

In our series of approximately 60 patients operated on, the mortality 
rate was about 3%. Twenty-three of the 60 patients have been followed 
for more than 20 years, all of whom have remained well. Our experience 
had led us to the conviction that the bypass graft principle is preferable. 
There was one late death in the series. The patient died 8 years after 
operation, and post-mortem examination showed severe atherosclerosis 
in the aorta as an additional factor to the pathologic changes Dr. Messina 
discussed. In the biopsies we performed, we can certainly confirm the 
pathologic observations that he indicated. 

I think that in most of these patients, the condition is probably of 
congenital origin, although there is no question that some have an ac- 
quired type of arteritis, the nature of which is not entirely clear yet. 


Dr. R. CLEMENT DARLING (Boston, Massachusetts): When I read this 
manuscript by Dr. Stoney’s group, three questions arose: Is this truly a 
syndrome? Is “mid-aorta” the proper term? Is a one-stage repair really 
necessary? 

As seen in Moscow, Costa Rica, or Tokyo, this type of vascular disease 
is often acquired, but most in our country feel that it is largely congenital. 
Our experience at the Massachusetts General Hospital in the past 30 
years has turned up fewer than 20 cases, which points out either the 
rarity of the disease or our lack of recognizing it. 
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Its natural history is not necessarily progressive. We have seen in our 
children’s group that it can be self-limited or actually regressive. The 
pathologic sections in many groups of patients may be differently inter- 
preted in any given artery by any given pathologist. Perhaps, then, it 
qualifies as a syndrome more than a disease. This also implies the intended 
inexactness, since we do not understand the basic pathophysiology. 

The term “middle aortic syndrome” has bothered some of us as well. 
In our group of patients we have seen the disease involving the subisthmic 
portion of the thoracic aorta, the aorta just above the diaphragm, and 
the aorta at the renal or mesenteric levels, and I have at least two patients 
in whom there is well-defined “aortitis” involving the aortic bifurcation. 
All of these locations may or may not involve the renal or mesenteric 
arteries. | agree with Dr. DeBakey that if this term is used, it should be 
properly indexed for proper retrieval. 

The following slide shows an aortogram done 20 years following ho- 
mograft replacement of the aorta and renal arteries done in a 39-year- 
old patient of Dr. Robert Linton exactly 30 years ago. We believe that 
angiography should be as complete as prudence will allow because of 
the multiplicity of involvement. 

Secondly, although many medical men think that the angiotensin-2 
inhibitors might be the answer in order to delay arterial reconstruction 
in these hypertensive youngsters, this has not been true in our experience. 

The last point I would like to make is that I think we should use the 
prosthetics only in the aorta itself, and in the branch vessels we should 
use autogenous tissues such as saphenous vein bypass grafts or, as Dr. 
Stoney’s group used, the hypogastric grafts. In our institution, renal au- 
totransplantation has been a great help. 

A query to the authors: Since mesenteric insufficiency has not been 
seen in our group whatsoever, and since my review of the literature, 
both foreign and here, has shown little evidence of mesenteric artery 
ischemia leading to infarction, do you think that mesenteric artery repair 
in the asymptomatic patient is always indicated? 


Dr. RICHARD H. DEAN (Nashville, Tennessee): I will simply reiterate 
some of the points Dr. DeBakey made. I totally agree with the nomen- 
clatural issue, if you will, in that there seems to be a variety of causes of 
stenosing lesions of the aorta and its branches in children and young 
adults. To label it midaortic syndrome makes us all mentally lazy. In 
our experience all of ours have been congenital, yet it is a peculiarity of 
the region of the country. I think many of the acquired phenomena seen 
in California are just that, and it behooves us to try to identify the un- 
derlying cause because of the natural history and subsequent events in 
these children. 

In regard to the congenital variety, the only variety I can comment 
on, we have had a good experience with patch angioplasty when available. 
In children in whom the origins of the visceral vessels of the renals spe- 
cifically are involved, we have been able anatomically to reconstruct 
them with patencies for up to 6 years. This is quite pale compared to 
the follow-up studies of 28 years that Dr. DeBakey showed with the 
bypass grafts. At least to that point it has been patent, and, when it has 
been necessary to perform it in very young children of 1, 2, and 3 years, 
it gives one more latitude when going back years later for the probable 
recurrence or necessity of a second operation. 

With regard to the cardiac status of these children, two of our patients 
have been referred to the cardiologist for evaluation of fibroelastosis of 
the myocardial muscle as an idiopathic problem, not having been iden- 
tified as having severe hypertension at a very young age. When the hy- 
pertension was corrected and normotension was re-established, these 
children’s hearts reverted to essentially normal, distinctively different 
from the adult population with LVH and the myocardiopathies of hy- 
pertension. I wonder if the authors have follow-up studies of the children 
with LVH and myocardial dysfunctions in regard to their return back 
to normal. 


Dr. JAMES A. O'NEILL, JR. (Philadelphia, Pennsylvania): I am a little 
hesitant to rise in the presence of such prominent vascular surgeons, but 
I thought that it might be of some value to show you our experience at 
the Children’s Hospital of Philadelphia with this entity. 

(Slide) The term “middle aortic syndrome” is not a new term by any 
means. It is well indexed and actually was first referred to in the German 
literature in the early 1900s. We have had experience with 11 patients, 
ten of whom we have operated on. One patient we feel is inoperable. 
Our experience is a little different, in that the average age is about 10 
years younger than the group of patients presented today, but we do feel 
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that it may provide an opportunity to get a little more information about 
the natural history of this disorder, which, as you heard very clearly, is 
unknown. 

We have seen a preponderance of female patients, as was seen in this 
series and in virtually all others reported. Also, in the young age group, 
we have seen a gradation of disease, as with most disease entities; that 
is, while there was incontrovertible narrowing of the abdominal aorta in 
all patients, not all patients appeared to require aortic bypass or patch 
angioplasty or something of that sort. However, all patients had extreme 
and severe hypertension, difficult to control; and two of our patients had 
oliguric renal failure, although one of them was treated with captopril, 
so perhaps there is some question about the etiology there. In the other 
patient it was a matter of bilateral renal arterial occlusion. Thus, the first 
question comes to mind: Dr. Stoney, do you feel that all patients should 
have aortic bypass even if it is prophylactic in nature? 

The follow-up in our patients, which has gone to 7 years now, has 
been good. Eight patients are cured, one is improved, taking an incon- 
sequential amount of hydrochlorothiazide, and the other patient still 
requires minoxidil. There have been no deaths. 

With regard to the etiology, we have biopsy material on all ten patients, 
and in all instances our interpretation is that these patients have acquired 
aortitis. We have no direct evidence of congenital disease in any of our 
patients in this young age group. As a matter of fact, with immunologic 
studies in two patients, the information would be that it is probably an 
autosensitivity disease. 

The final question: Do you feel that patients require visceral arterial 
repair in all cases? We have not, and have depended on that nice arch 
of Riolan from the inferior mesenteric artery to supply the visceral vessels. 
We have not felt justified in performing prophylactic visceral repairs in 
very young children. I would be interested in your views, Dr. Stoney, 
about that. 


Dr. JOHN E. CONNOLLY (Irvine, California): The title, middle aortic 
syndrome, I rather like, because I think coarctation of the abdominal 
aorta indicates only one facet of the pathology complex we are discussing 
here, which usually involves stenosis of the renal and sometimes the 
superior and celiac arteries. Our experience with this syndrome has been 
small and similar to that of the authors, and I generally agree with their 
conclusions, but I would like to call attention to two special points. 

(Slide) This is a patient then 11 years old, whom I saw over 25 years 
ago, and you can see a coarctation of the abdominal aorta with tight 
stenosis of both renal arteries. You can also see a large superior mesenteric 
artery and enlarged central anastomotic artery. At that time we merely 
bypassed the stenotic renal arteries because this patient had normal pulses 
in the lower extremities and was having no problems with the coarctation, 
as the enlarged central anastomotic artery provided normal femoral artery 
flow and pressure. It is of interest that now, 25 years later, this patient 
continues to have normal pulses in the lower extremities, normal arm/ 
ankle ratios; thus, apparently the central anastomotic artery, at least in 
this patient, has been able to perform the function of bypass of the ab- 
dominal aortic artery for 25 years. 

(Slide) This is an aortogram of another patient whom we saw more 
recently. One renal artery is occluded and the other is tightly stenotic at 
its origin. You see also a large central anastomotic artery, and in another 
projection you will see that the celiac and superior mesenteric arteries 
are occluded at their origins. At operation marked inflammatory in- 
volvement of all of these vessels was found, very typical of Takayasu’s 
disease. 

I think that these two cases illustrate several points. One is that the 
arterial involvement was quite different in both. The original patient of 
over 25 years did not have any inflammation we could see in the arteries. 
The second patient’s biopsies showed disease consistent with what we 
would call Takayasu’s disease. 

Thus, it would appear that there are two etiologies, congenital and 
acquired, implicated in the middle aortic syndrome. It would appear 
that the acquired is an arteritis of Takayasu’s nature, and we should be 
conservative in the application of reconstruction procedures in Takayasu’s 
cases. 
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Dr. RONALD J. STONEY (Closing discussion): I would like to thank 
all the discussants for their comments. I feel that this is a unique situation, 
actually closing the discussion on one of Dr. DeBakey’s papers. His im- 
portant observation, the longitudinal study of patients who have complete 
corrections, followed carefully with late angiographic study, documents 
the desirability of repair and cure of renovascular hypertension over 2 
decades. This certainly supports the major point of our paper. 

In regard to the term “middle aortic syndrome,” I have taken a count 
of the discussants, and three vote against that term-—-DeBakey, Darling, 
and Dean-—and three are for it—Connolly, O’Neill, and Stoney. I hope 
that the Program Committee will break the tie and will choose to keep 
the name middle aortic syndrome. 

It is of interest that middle aortic syndrome was coined by Sinn in 
1962, preceding Dr. DeBakey’s paper, and we found that the Index Mea- 
icus, using the term middle aortic syndrome, appropriately referenced 
our paper, which included his and other reports which are concerned 
about this particular terminology. Therefore, I think that middle aortic 
syndrome is appropriate when you consider the variable etiologies, from 
congenital to acquired pathologic entities that are known to produce 
this disorder. I would agree that although “middle aortic” is slightly 
nonspecific, most of the lesions do center on the diaphragm and sub- 
diaphragmatic aorta, and this I think in most people’s view would qualify 
as the middle of the aorta. 

Dr. Darling suggested that the lesion might be progressive. We treated 
two patients several years after their original treatment. Both of these 
patients returned with manifestations of severe hypertension related in 
part to the failure of autogenous venous grafts in one case, and to pro- 
gressive stenosis of the middle aortic narrowing that aggravated the hy- 
pertension originally treated by distal aortorenal bypass in the other. We 
also agree that this disease is progressive in the acquired form. I do not 
think that if the lesion is truly congenital, as were those in the Vanderbilt 
experience, it will progress, unless atherosclerosis develops on an abnormal 
aortic lumen. 

The indication for visceral artery repair was questioned by several 
discussants, since the patients we reported did not exhibit abdominal 
angina or any complaint that suggested intestinal ischemia. When Sinn 
collected and reported on this disorder more than 20 years ago, he en- 
countered a number of patients who indeed did have abdominal pain 
as part of their indication; thus, I suspect that this may be a symptomatic 
vascular bed in the occasional patient who has middle aortic syndrome, 
and they should undergo visceral repair. 


However, in a complex one-stage repair where the entire aorta and 
its branches are exposed and available for reconstruction, I see no dis- 
advantage to prophylactic visceral repair. You will recall that in late 
follow-up Dr. DeBakey described a patient who developed intestinal 
ischemia. I am concerned that if you cure the patient of hypertension 
and cardiac failure that would otherwise be fatal by an appropriate repair, 
to extend his or her life span to normal, the patient will be exposed to 
the ravages of infrarenal aortic atherosclerosis, and that meandering in- 
ferior mesenteric artery would likely be affected. The resulting stenosis 
reduces flow to the upper abdominal viscera, which are depending on 
that for circulation, and these patients will develop symptomatic visceral 
ischemia. 

In the later cases we have prophylactically repaired these lesions, and 
it does not add a great deal to an operation that exposes this entire aorta. 
These vessels are large, they have poststenotic dilation beyond their orifice 
stenosis, which makes antegrade grafting simple and safe. I certainly 
agree that at the moment it does not change their symptomatic status, 
but I believe that it will prevent later problems. 

Drs. Dean and O'Neill brought up the matter of patching the aorta 
and avoiding doing a major aortic bypass in the young growing child, 
and I would agree with that. Among our patients, one child at age 8 had 
only an aortoplasty; the other children had achieved most of their growth, 
and there were several young adults; they all had an aortic bypass. The 
major patient population we saw all had substantial gradients across 
their midaortic narrowing; I felt that it was appropriate to correct that 
as well as the responsible renal artery lesions in the manner described. 
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of anaie pauna. biconvex. uncoated, white tablet ue with NOLVADEN a i. Charge it: . MasterCard C3 Visa [0 American Express Ci CHOICE 
epossed Of one side and a cameo debossed on the other side) are supplied in botties o i 
60 tabiets and 250 tablets. Protect trom heat and light. HE: fs E E Ce A E E PE EDES O 
NDC 0038-0600 Rev G 8/88 i Expiration date a i 
OAG TABLETS Signature o eet ere : 
\ O adex C Send information on bound volumes from previous years. I v 
NNSA ttn J.B. Lippincott Company 
; TAMOX! FE N CITRATE/ STUART A East Washington Square, P.O. Box 280 | 
perc: CJA? Philadelphia, Pa. 19105 
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CLASSIFIED AD SECTION 


Classified advertising is available in ANNALS OF 
SURGERY for those recruiting personnel or interested in 
obtaining positions. Display space also is available for 
those desiring greater visibility or more space for their 
message. 


Classified ad copy, like other advertising copy, will be 
reviewed for approval prior to publication. 


Classified Rates: $9.00 per line or fraction of line. The 
average line will be 40 characters. 


Box Numbers: Replies may be directed via Box # to 
J.B. Lippincott Company, at an extra charge per insertion 
of $6.50 to cover handling costs in forwarding such 
replies to the advertiser. 


How to Order: Send typewritten text copy for the ad 
with remittance in full to: 
ANNALS OF SURGERY 
c/o J.B. Lippincott Company 
Attn: Michelle Preston 
East Washington Square 
Philadelphia, Pa. 19105 
(215) 238-4215 
Deadline: Copy received by the 15th of month will run 
in the second following month's issue. e.g. November 
15th for January issue. Ads received after the 15th will run 
in the next available issue. 












BURN FELLOWSHIP 


The New York Hospital-Cornell Medical 
Center Burn Center is a modern burn treat- 
ment facility with 24 intensive care beds and 
annual admission of 600 patients. During the 
year’s experience, the Fellow will be re- 
sponsible for total care of all burned patients, 
for house office education, and for partici- 
pation in original and ongoing clinical 
research protocols. The Burn Center is the 
recipient of an NIH Burn/Trauma Research 
Center Grant and supports comprehensive 
laboratories with state of the art instru- 
mentation and active investigators in the 
fields of wound healing, immunology, metab- 
olism, nutrition, and cardiopulmonary re- 
sponse to injury. An additional year in the 
laboratory may be elected by the Fellow. 
Candidates preferably should be board 
eligible in general surgery, but we will strongly 
consider academically oriented senior sur- 
gical residents from university programs 
incorporating the fellowship as part of their 
training programs. Send inquiries to Cleon W. 
Goodwin, M.D., direct New York Hospital- 
Cornell Medical Center, 525 East 68th Street, 


a 


COLON AND RECTAL SURGERY EDUCATIONAL 
PROGRAM The American Society of Colon and Rectal Sur- 
geons announces the availability of CARSEP - a self-study 
program to evaluate and enhance your knowledge relating to 
diseases of the colon and rectum. CARSEP consists of Syllabus 
II, a 250-question study manual, and Self-Assessment Examina- 
tion No. 7. Completion of the Program earns 50 Category | 
CME credits. To enroll, send your $80.00 check to: American 
Society of Colon & Rectal Surgeons, 615 Griswold, #1717, 
Detroit, Michigan 48226. 


-— rs 


A full time attending staff position is available for a board 
eligible/ board certified general surgeon with interest in Surgical 
Critical Care. Time will be equally divided between the Surgical 
Intensive Care Unit and one of our General Surgery Services. 
Responsibilities will include supervision of Surgical Critical 
Care fellows and surgical residents in patient care, teaching and 
research. Successful candidate will also be eligible for academic 
appointment at the University of Illinois College of Medicine. 
To apply, send your current curriculum vitae. or write to 
Samuel K. Appayu, M.D., Chairman, Division of Surgical 
Intensive Care, Cook County Hospital, 1825 West Harrison 
Street, Chicago, IL 60612. Phone (312) 633-8502. 


—_——————— 


GENERAL SURGEON: Board Certified or Eligible. Imme- 
diate need for multispecialty group in Virginia coastal region. 
Small town environment with metropolitan area and beaches 
nearby. Guaranteed salary and incentive program. Possible 
ownership 12-18 months with outstanding benefit and financial 
package to fit all specialties. Send C.V. to Box ANNQA, J.B. 
Lippincott Co., East Washington Square, Philadelphia, PA 
19107. 


———<— 








THORACIC SURGEON Community, 465-bed hospital in Bal- 
timore County, MD. Very busy practice available with full-time 
position as Associate Director in the Department of Surgery. 
To collaborate with four person facility supervising Intensive 
Care Unit. Please direct curriculum vitae to Philip J. Ferris, 
M.D., F.A.C.S. Chairman, Department of Surgery, Franklin 
Square Hospital, 9000 Franklin Square Dr., Baltimore, MD 
21237. Phone inquiries can be made to the Department of 
Surgery at (301) 682-7124. FRANKLIN SQUARE HOSPI- 
TAL. Equal Opportunity Employer. 


İT. 


DIRECTOR OF SURGICAL RESIDENCY PROGRAM 
The Orlando Regional Medical Center has an opening for a 
Director of Surgical Education. O.R.M.C. is a 1035 bed hospi- 
tal and Level I Trauma Center with university affiliation. 
He/she should have academic background, certified in General 
Surgery and at least 5 years practice/ teaching experience. Five 
references should accompany application with curriculum 
vitae. Mail to: Harry P. Raymond, M.D., Chairman, Depart- 
ment of Surgery, Orlando Regional Medical Center, 1414 S. 
Kuhl Avenue, Orlando, FL 32806. 


— essences 


INDIANA-Six member multispecialty group serving a central 
Indiana community of 15,000 near Indianapolis seeks addi- 
tional general surgeon. New 88 bed hospital. Excellent 
compensation/ benefits package. Send CV: VHA, 1600 
Embassy Square Blvd., Suite 1605, Louisville, KY 40299. 


ee ” 


(Continued on page 33A) 


Room F2314, New York, New York 10021. 






oe ait 
J à 





Why risk significant 


Bacteroides fragilis 





Cefotan has gaps‘ in its coverage 
of these B. fragilis group** organisms. 


MEFOXIN does not. 







Clinical indications for intraabdominal infections* 












Mefoxin 


(Cefoxitin Sodium| MSD) 


Cefotan" 


( cefotetan disodium ] 


eee 
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Bacteroides species 























+MEFOXIN is indicated for the treatment of intraabdominal **These organisms, formerly considered subspecies of 
infections, including peritonitis and intraabdominal B. fragilis, have been given species status; however, 
abscess, caused by Escherichia coli, Klebsiella species, because of similarities in their clinical significance and 
Bacteroides species including the Bacteroides fragilis laboratory characteristics, they are often considered 
group (B. fragilis, B. distasonis, B. ovatus, together as the “B. fragilis group.” 
B. thetaiotaomicron, B. vulgatus), and Clostridium species. +The prescribing information for Cefotan lists no specific 
TT Cefotan is a registered trademark of ICI Americas Inc. indication for infections caused by this organism.’ 


Copyright © 1986 by Merck & Co., INC 


-gaps‘in 


coverage? 





Conclusion: Cefotan is not 
equal to MEFOXIN in activity** 
against the B. fragilis group. 


All five of these Bacteroides 
are proven pathogens. 


The evidence is conclusive. 


fact: At one institution, B. distasonis, B. ovatus, 
B. thetaiotaomicron, and B, vulgatus accounted for 
60% of the B. fragilis group isolates from 

185 intraabdominal infections.? 


fact: B. fragilis and B. thetaiotaomicron are 
species of great clinical significance and are present 
in most intraabdominal infections. C o,° S di MSD 
fact: Rosenblatt also isolated all five of these efoxitin O Ul | i 
Bacteroides from clinical specimens at a major 

Æ teaching institution.’ 





fact: Chow and Guze reported bacteremia and 
sepsis due to each of these five members of the 
B. fragilis group.‘ 


fact: The prescribing information for Cefotan 


specifically states that most strains of B. distasonis, MEFOXIN is contraindicated in patients who have shown 
B. ovatus, and B. thetaiotaomicron are resistant.’ hypersensitivity to cefoxitin and the cephalosporin group of 
. aii sa antibiotics. Before therapy with MEFOXIN is instituted, 
iis bis nEri of sear of ie careful inquiry should be made to determine whether the 
acteroides fragilis species to Cefotan clear y patient has had previous hypersensitivity reactions to 
shows Cefotan — en ete the same cefoxitin, cephalosporins, penicillins, or other drugs. 
anaerobic spectrum as i 


Pseudomembranous colitis, from mild to life-threatening 
in severity, has been reported with virtually all antibiotics 
(including cephalosporins); therefore, it is important to 
*£/n vitro activity does not necessarily imply in vivo effectiveness. consider its diagnosis when diarrhea develops in association 
|. Prescribing information for Cefotan (Stuart), March 1986. with antibiotic use. 
2. Sutter, V.L. et al.: Wadsworth Anaerobic Bacteriology Manual, 
Ath ed., Belmont, CA, Star Publishing Co., 1985, p. 8. 
3. Rosenblatt, J.E.: Anaerobic bacteria, in Laboratory Procedures M S D 


in Clinical Microbiology, ed. J.A. Washington, New York, , 

Springer-Verlag, 1981, pp. 309-364. MERCK _ Fora Brief Summary of 

4. Chow, A.W. and Guze, L.B.: Bacteroidaceae bacteremia: Clinical BHAR Prescriving Information, 
experience with 112 patients, Medicine 53(2):93-126, 1974. OHM please see following page. 


*i.e., B. distasonis, B. ovatus, and B. thetaiotaomicron 





Mefoxin m (Cefoxitin Sodium |MSD)} 


Indications and Usage: /reatment—Serious infections caused by susceptible strains of the. 


designated microorganisms in the following diseases: 
LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, caused by 
Streptococcus pneumoniae (formerly Diplococcus pneumoniae), other streptococci (excluding 
enterococci, e.g., Strep. faecalis), Staphylococcus aureus (penicillinase and non-penicillinase 
producing), Escherichia coli, Klebsiella species, Hemophilus influenzae, and Bacteroides 
Species. 
GENITOURINARY INFECTIONS. Urinary tract infections caused by E. coli, Klebsiella species, 
Proteus mirabilis, indole-positive Proteus (i.e., P morganii, P rettgeri, and P vulgaris), and 
Providencia species. Uncomplicated gonorrhea due to Neisseria gonorrhoeae (penicillinase 
and non-penicillinase producing). 
INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, caused by 
E. coli, Klebsiella species, Bacteroides species including the B. fragilis group,§ and Clostridium 
Species. 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic inflamma- 
tory disease, caused by E. coli, N. op aa (penicillinase and non-penicillinase producing), 
Bacteroides species including the B. fragilis group,§ Clostridium species, Peptococcus species, 
Peptostreptococcus species, and group B streptococci. 
SEPTICEMIA caused H Strep. pneumoniae (tormerly D. pneumoniae), Staph. aureus (penicil- 
linase and non-penicillinase producing), E. coli, Klebsiella species, and Bacteroides species 
including the B. fragilis group.§ 
n en JOINT INFECTIONS caused by Staph. aureus (penicillinase and non-penicillinase 
producing). 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and non- 
penicillinase producing), Staph. epidermidis, ig rte (excluding enterococci, eg. ah 
faecalis), E. coli, P mirabilis, Klebsiella species, Bacteroides species including the B. fragilis 
group,§ Clostridium species, Peptococcus species, and Peptostreptococcus species. 
Although appropriate culture and susceptibility Studies should be performed, therapy may be 
Started while awaiting these results. Cefoxitin is not active in vitro against most strains of Pseu- 
domonas aeruginosa and enterococci (e.9., Strep. faecalis) and many strains of Enterobacter clo- 
acae. Methicillin-resistant staphylococci are almost uniformly resistant to cefoxitin. 
ee Previous hypersensitivity to cefoxitin and the cephalosporin group of anti- 
iotics. 
Ltr ge BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DE- 
TERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHALOSPORINS, 
PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN-SENSITIVE PATIENTS. 
ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEM- 
ONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REAC- 
TION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis, from mild to life-threatening in severity, has been re- 
ported with virtually all antibiotics (including cephalosporins); therefore, itis im- 
portant to consider its diagnosis when diarrhea develops in association with 
antibiotic use. Broad-spectrum antibiotics alter normal flora of colon and may permit over- 
growth of clostridia, a toxin produced by Clostridium difficile is a primary cause of antibiotic- 
associated colitis. Mild cases may respond to drug discontinuance alone; in more severe cases, 
management es include sigmoidoscopy, appropriate bacteriological studies, fluid, electrolyte 
and protein ae ementation, and use of a drug such as oral rt a isolation of the patient 
may be advisable. Other causes of colitis should also be considered. 
Precautions: Genera/—Total daily dose should be reduced in patients with reduced urinary oul- 
put due to renal insufficiency because high and prolonged serum antibiotic concentrations can 
occur from usual doses. Prescribe with caution in patients with a history of gastrointestinal dis- 
ease, particularly Colitis. Prolonged use may result in overgrowth of nonsusceptible organisms; 
os evaluation of the patient's condition is essential. If superinfection occurs, take appropri- 
ale measures. 
Drug Interactions—Increased nephrotoxicity has been reported following concomitant adminis- 
tration of ap and aminoglycoside antibiotics. 
Drug/Laboratory lest Interactions—High concentrations (> 100 mcg/mL) may interfere with 
measurement of serum and urine creatinine levels by the Jaffé reaction and produce false in- 
creases of modest degree in creatinine levels reported; serum samples should not be analyzed for 
creatinine if withdrawn within 2 hours of cefoxitin administration. High concentrations may inter- 
fere with measurement of urinary Ban conico by the Porter-Silber reaction and 
produce false increases of modest degree in levels reported. A false-positive reaction for glucose 
in urine has been observed with CLINITEST !! reagent tablets. l 
Carcinogenesis, Mutagenesis, Fertility Impairment—No long-term animal study has been per- 
formed on carcinogenic or mutagenic potential. Rat studies at approximately three times maxi- 
mum recommended human dosage revealed no effects on fertility or mating ability. 
Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic or fetal 
toxic effects, although fetal weights were slightly decreased. In rabbits, cefoxitin was associated 
with a high incidence of abortion and maternal death, neither considered teratogenic. There are, 
however, no adequate and well-controlled studies in pregnant women, Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during preg- 
nancy only if clearly needed. . 
Nursing Mothers—Excreted in human milk: Exercise caution. 
Pediatric Use—Satety and efficacy in infants from birth to three months have not yet been estab- 
lished. In children three months and older, higher doses have been associated with increased inci- 
dence of eosinophilia and elevated SGOT. 
Adverse Reactions: The most common adverse reactions have been local reactions following 
intravenous of intramuscular injection. Other adverse reactions have been encountered infre- 
quently. Local Reactions—Thrombophlebitis with intravenous administration; pain, induration, 
and tenderness after intramuscular injections. Allergic Reactions—Rash (including exfoliative 
dermatitis), pruritus, eosinophilia, fever, and other allergic reactions including anaphylaxis. Car- 
diovascular —Hypotension. Gastrointestinal—Diarrhea, including documented pseudomembra- 
nous colitis during or after treatment, and, rarely, nausea and vomiting. Blood—Eosinophilia, 
leukopenia including yop al neutropenia, anemia, including hemolytic anemia, 
thrombocytopenia, and bone marrow depression. A positive direct Coombs test may develop in 
some individuals, especially those with azotemia. Liver Function— Transient elevations in SGOT, 
SGPT, serum LDH, and serum alkaline phosphatase. Renal Function—Elevations in serum creati- 
nine and/or blood urea nitrogen levels and, rarely, acute renal failure. 
Note: in group A beta-hemolytic streptococcal infections, therapy should be maintained for at 
least 10 days to quard against the risk of rheumatic fever or glomerulonephritis. In staphylococcal 
and other infections involving a collection of pus, surgical drainage should be carried out where 
indicated. Intramuscular injections should be well within the body of a relatively large muscle 
such as the upper outer quadrant of the buttock re gluteus maximus); aspiration is ine to 
avoid inadvertent injection into a blood vessel. The total daily dosage in infants and children 
should not exceed 12 grams. 
How Supplied: Sterile cefoxitin sodium in vials and infusion bottles contain- 
ing 1 gram or 2 grams cefoxitin equivalent and in 10-gram bulk bottles. 


5B. fragilis, B distasonis, B. ovatus, B. thetaiotaomicron, B. vulgatus M S D 
Il Registered trademark of Ames Company, Division of Miles Laboratories. Inc. 


For more detailed information, consult your MSD Representative 7 ERG K 
or see Prescribing Information. Merck Sharp & Dohme, 
Division of Merck & Co., INC., West Point, PA 19486 J6MF48(120) DOHM 
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CHAIRPERSON DEPARTMENT OF SURGERY—The 
Permanente Medical Group is taking applications for the posi- 
tion of chairperson for the Department of Surgery at our 
Oakland Medical Center. The Oakland facility is a 330-bed 
acute care teaching hospital with a five-year general surgery 
residency program. The Surgery Department is composed of 
seven board certified general surgeons: two having completed 
vascular fellowships. Interested candidates must be board certi- 
fied and prior experience with resident training programs 
preferred. Please send curriculum vitae to: Richard Brown, 
M.D., Chairman, Search Committee, Kaiser Permanente Medi- 
cal Group, inc., 280 W. MacArthur Blvd., Oakland, California 
94611. 


TATEAN ARTEETAN AAAA anaa Raana 


PROFESSIONAL RESUME SERVICES. Curriculum vitae 
preparation for physicians. Prompt and confidential. Mailing 
services available. Call toll free. 1-800-6-CAREER. In PA, (215) 
433-4112. 


Positions Available: Department of Surgery, Junior Faculty 
Instructor and Assistant Professor Level. Several persons are 
needed in General Surgery, Trauma, Cardiovascular Surgery, 
Oncology, and Transplantation, Must have excellent profes- 
sional and surgical training and qualifications, interest in 
research and education. Send application and curriculum vitae 
to: Henry T. Bahnson, M.D., Chairman, Department of 
Surgery, University of Pittsburgh, School of Medicine, 1084 
Scaife Hall, Pittsburgh, PA 15261. 





Bernard Bragg has 
won critical acclaim 
as an actor. 

He has never heard 
applause. 


Bernard Bragg is a co-founder of The National Theatre of the 
Deaf. He has performed on television and Broadway and was an 
artist-in-residence at the Moscow Theatre of Mimicry and Ges- 
ture. He has studied under Marcel Marceau and taught workshops 
at Harvard University. 


VICE PRESIDENT FOR MEDICAL AFFAIRS - The Uni- 
versity of South Florida is searching for a qualified candidate 
for the position of Vice President for Medical Affairs to lead the 
development of a University Medical Center in Tampa and St. 
Petersburg. The Medical Center is comprised of Colleges of 
Medicine, Nursing, and Public Health. A cancer center hospital 
and research center and a psychiatric hospital are presently 
under construction and a Shriners pediatric orthopedic hospital 
was opened recently on campus. The Medical School is asso- 
ciated with two Veterans Administration Hospitals, the Tampa 
General Hospital and All Children’s Hospital. The duties of the 
Vice President include long range planning, administrative 
organization, coordination of the preparation and review of 
budgets within the Medical Center, administration of develop- 
ment activities for the Medical Center, administration of public 
affairs and legislative relations. The occupant will serve as a 
member of the Presidents advisory staff and will coordinate 
relations with the central University administration. This posi- 
tion requires a background in medical education and research, 
medical center or university hospital administration and aca- 
demic leadership. M.D. degree preferable but those with 
doctorates in related fields will be considered. Nominations and 
applications must be received by October 31, 1986 addressed to: 
Roy H. Behnke, M.D., Chairman, Search Committee for Vice 
President for Medical Affairs, 12901 N. 30th St.. Box 19, 
Tampa, Florida 33612. An Equal Opportunity Employer. 


This Publication 


is available in Microform. 


University Microfilms International 
300 North Zeeb Road, Dept. P.R., Ann Arbor. Mi. 48106 
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confidence. 


NUBAIN” gives you pain-stopping power 
comparable to morphine/meperidine 
with fewer adverse side effects: 


m fast action 

m long-lasting pain relief 

m documented ‘ceiling” on 
respiratory depression 

m hemodynamic stability 

m non-constipating 

m lower incidence of nausea, vomiting, 
and other common side effects 


m low abuse potential—non-scheduled 
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Now available in 20 mg/ml ampul, vial, 
and syringe. Also available in 10 mg/ml 
ampul and vial. 


For further information conceming contraindications, 
side effects, and precautions, please see following page. 


NUBAIN is available exclusively from Du Pont. 
© 1985, Du Pont Pharmaceuticals, Inc. 
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Brief Summary of Prescribing information 


INDICATIONS For the relief of moderate to severe pain. NUBAIN can also be 
used for preoperative analgesia. as a supplement to surgical anesthesia, 
and for obstetrical analgesia during labor. 


CONTRAINDICATIONS NUBAIN should not be administered to patients whe 
are hypersensitive to it. 


WARNINGS Drug Dependence NUBAIN has been shown to have a iow 
abuse potential which is approximate to that of pentazocine. When com- 
pared with drugs which are nat mixed agonist-antagonists, it has been 
reported that nalbuphine’s potential fer abuse would be less than that of 
codeine and propoxyphene. Psychological and physical dependence and 
tolerance may follow the abuse or misuse of nafbuphine. Therefore, caution 
shouid be observed in prescribing it for emotionally unstable patients, or 
for individuals with a history of narcotic abuse. Such patients should be 
closely supervised when long-term therapy is contemplated. Care should 
be taken to aveid increases in dosage of frequency of administration which 
in susceptible individuals might result in physical dependence. Abrupt 
discontinuation of NUBAIN following prolonged use has been followed by 
symptoms of narcotic withdrawal, ie.. abdominal cramps, nausea and 
vomiting, rhinorrhea, lacrimation, restlessness, anxiety, elevated temper- 
ature and piloerection. Use in Ambulatory Patients NUBAIN may impair 
the mental or physical abilities required for the performance of potentially 
dangerous tasks such as driving a car or operating machinery, Therefore, 
NUBAIN should be administered with caution to ambulatory patients wha 
should be warned to avoid such hazards. Use in Emergency Procedures 
Maintain patient under observation unt! recovered from NUBAIN effects 
that would alfect driving or other potentially dangerous tasks. Use in 
Children Clinical experience to support administration to patients under 
18 years is not available at present. Use in Pregnancy (other than labor) 
Safe use of NUBAIN in pregnancy has sot been established. Although 
animal reproductive studies have not revealed teratogenic or embryotoxic 
effects, naibuphine should only be administered to pregnant women when, 
in the judgement of the physician, the potential benefits outweigh the 
possible hazards. Use During Labor and Delivery NUBAIN can produce 
respiratory depression in the neonate. it should be used with caution in 
women delivering premature infants. Head Injury and Increased intra- 
cranial Pressure The possible respiratory depressant elects and the 
potential of potent analgesics to elevate cerebrospinal fluid pressure (re- 
sulting from vaseditation following CO» retention) may be markedly exag- 
gerated in the presence of head injury, intracranial lesions or a pre-existing 
increase in intracranial pressure, Furthermore, potent analgesics can pro 
duce effects which may obscure the clinical course of patients with head 
injuries. Therefore, NUBAIN should be used in these circumstances only 
when essential. and then should be administered with extreme caution. 
interaction With Other Central Nervous System Depressants Although 
NUBAIN possesses narcotic antagonist activity, there is evidence that in 
nondependent patients it will not antagonize a narcotic analgesic admin- 
istered just before, concurrently, or just after an injection of NUBAIN. 
Therefore, patients receiving a narcotic analgesic, general anesthetics, 
phenothiazines. or other tranquilizers, sedatives, hypnotics, or ather CNS 
depressants (including alcohol) concomitantly with NUBAIN may exhibit an 
additive effect. When such combined therapy is contemplated, the dose of 
one or both agents should be reduced. 


PRECAUTIONS impaired Respiration At the usual adult dose of 16 mg/70 
kg, NUBAIN causes some respiratory depression approximately equal to 
that produced by equal doses of morphine. However, in contrast to mar- 
phine, respiratory depression is not appreciably increased with higher 
doses of NUBAIN. Respiratory depression induced by NUBAIN can be re- 
versed by NARCAN® (naloxone hydrochloride) when indicated. NUBAIN 
should be administered with caution at low doses to patients with impaired 
respiration {e.g from other medication, uremia, bronchial asthma, severe 
infection, cyanosis or respiratory obstructions). Impaired Renal or Hepatic 
Function Because NUBAIN is metabolized in the fiver and excreted by the 
kidneys, patients with renal or liver dysfunction may overreact fo customary 
doses. Therefore, in these individuals, NUBAIN should be used with caution 
and administered in reduced amounts. Myocardial Infarction As with af 
potent analgesics, NUBAIN should be used with caution in patients with 
myocardial infarction who have nausea or vomiting. Bilary Tract Surgery 
As with all narcotic analgesics, NUBAIN should be used with caution in 
patients about to undergo surgery of the biliary tract since it may cause 
spasm of the sphincter of Oddi. 


ADVERSE REACTIONS The most frequent adverse reaction in 1066 patients 
treated with NUBAIN is sedation 381 (36%). Less frequent reactions are. 
sweaty/clammy 99 (9%), nausea/vomiting 68 (6%), dizziness/vertigo 58 
(5%), dry mouth 44 {4%}, and headache 27 (3%). Other adverse reactions 
which may occur (reported incidence of 1% ar less) are: CNS Effects 
Nervousness, depression, restlessness, crying, euphoria, floating, hostility, 
unusual dreams, confusion, faintness, hallucinations, dysphoria, feeling 
of heaviness, numbness, tingling, urreality. The incidence of psychotom:- 
metic effects, such as unreality, depersonalization, delusions, dysphoria 
and hallucinations has been shown to be fess than that which occurs with 
pentazocine. Cardiovascular Hypertension, hypotension, bradycardia, 
tachycardia, Gastrointestinal Cramps, dyspepsia. bitter taste. Respiration 
Depression, dyspnea. asthma, Dermatological itching, burning, urticaria, 
Miscellaneous Speech difficulty, urinary urgency, blurred vision, flushing 
and warmth. Patients Dependent on Narcotics Patients who have been 
taking narcotics chronically may experience withdrawal symptoms upon 
the administration of NUBAIN. If unduly troublesome, narcotic withdrawal 
symptoms can be controlled by the stow intravenous administration of 
small increments of morphine, until relief occurs. if the previous analgesic 
was morphine, meperidine, codeine, or other narcotic with similar duration 
of activity, one-fourth of the anticipated dose of NUBAIN can be adminis- 
tered initially and the patient observed for signs of withdrawal, i.e., abdom- 
inal cramps, nausea and vomiting, lacrimation, rhinorrhea, anxiety, 
restlessness, elevation of temperature or piloerection. If untoward symp- 
toms do not occur, progressively larger doses may be tried at appropriate 
intervals until the desired level of analgesia is obtained with NUBAIN. 
Management of Overdosage The immediate intravenous administration 
of NARCAN® {naloxone hydrochloride) is a specific antidote. Oxygen, intra- 
venous fluids, vasopressors and other supportive measures should be used 
as indicated. The administration of single doses of 72 mg of NUBAIN 
subcutaneously to eight normal subjects has been reported to have resulted 
pamarily m symptoms of sleepiness and mild dysphoria. 

NARCAN is a regisiered US trademark of Du Pon! Pharnaceuticats, inc 
§109-4BS 

Du Pont Pharmaceuticals, Inc. 

Subsidiary of E.L du Pont de Nemours & Co. (inc) 


PO. Box 363. Manati, Puerto Rico 00701 
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CEFOTAN’ (cefotetan disodium) is an ideal agent 

in the treatment of intra-abdominal infections. 

As active as cefoxitin against Bacteroides fragilis— 
the most common anaerobe in intra-abdominal 
sepsis'—CEFOTAN provides superior gram-negative 
coverage and Is particularly active against 
Escherichia coli and other common gram-negative 
pathogens. 





CEFOTAN is equal 
to cefoxitin in activity 
against B fragilis 


In vitro activity* against B fragilis 


MIC,, MIC (ug/ml) 
Investigator No. of Strains CEFOTAN Cefoxitin 


*In vitro activity does not necessarily correlate with in vivo effectiveness 
tFor cefoxitin, 388 strains were studied 


CEFOTAN has 

superior activity against 
the common 
gram-negative organisms 


Comparison of in vitro activity against Common gram-negative bacteria® 
MIG (ug/m (g/mL) 
Organism No. of Strains CEFOTAN Cefoxitin 


Investigators: Ayers LW, Jones RN, Barry AL, et ali 
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CEFOTAN has a half-life of 3 to 4.6 hours— 
more than 3 times that of cefoxitin.’ And 
CEFOTAN sustains effective plasma concentra- 
tions for 12 hours.’ This outstanding pharmaco- 
kinetic profile permits twice-daily dosing In 
treatment and single-dose prophylaxis. 


CEFOTAN—effective 
twice-daily treatment 
and single-dose 


prophylaxis 





O In US clinical studies of intra-abdominal infections, 
CEFOTAN demonstrated a clinical cure rate of 96%° 


Clinical success* in abdominal surgical prophylaxis? 


Biliary tract 


Appendiceal 


Colorectal’ 





* Clinical success is defined as no signs or symptoms of intra-abdominal Investigators: Fabian T, Zellner S, Jagelman D, et al? 


or postoperative wound infection during the hospital stay and tColorectal procedures were performed without 
follow-up period of seven to ten days postadischarge. benefit of preoperative oral bowel prep. 


O In prophylaxis, CEFOTAN provides single-dose 
protection—even in delayed or prolonged procedures 
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CEFOTAN provides cost-effective therapy. 
For treatment, the usual adult dosage 

of CEFOTAN Is 1 to 2 g every 12 hours* 

In prophylaxis, CEFOTAN is administered 
as a single 1- or 2-g dose." 


Twice-daily CEFOTAN 
can save 45% in 
total treatment costs 


Overall cost of treatment with CEFOTAN and cefoxitin 


CEFOTAN Cefoxitin 





Regimen 2g b.i.d. 2g q.i.d. 
Drug cost/dose $15.60 $13.60* 
Delivery cost/dose‘"° + 5.00 + 5.00 
Total cost/dose $20.60 $18.60 
Number of doses/day x2 x4 
Total cost/day $41.20 $74.40 
Cost savings/day $33.20 





Savings with CEFOTAN 4 5 % 


* Maximum daily dose should not exceed 6 g. In patients with renal impairment, dosage adjustment is necessary. (Consult brief summary.) 

‘In prophylaxis, CEFOTAN is administered 30 to 60 minutes prior to surgery or, in patients undergoing cesarean section, as soon as the umbilical 
cord is clamped 

‘Direct price from Drug Topics Red Book, ed 89. Oradell, NJ, Medical Economics Co, p 362 

‘Minimum overall costs of supplies and labor for antibiotic preparation and administration 


D Single-dose prophylaxis can save 63% when 
compared with cefoxitin 


LJ 


CEFOTAN has a proven record of safety’ 
Adverse events are generally few and similar to those seen with 
first-generation cephalosporins. 


{Includes acquisition and delivery’? costs for comparable 
regimens—CEFOTAN, 2 g x 1; cefoxitin, 2 g x 3. 
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CEFOTAN.. 


cefotetan disodium 


For intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE l > l 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 


Urinary tract infections caused by E coli, Klebsiella species (including K pneumoniae}. Proteus 
mirabilis and Proteus sp (which may inciude the organisms now called Proteus vulgaris. Providencia 
rettgeri, and Morganeila morgani}. 


Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae). 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus 
influenzae (including ampicillin-resistant strains), Kiebsielia species (including K pneumoniae), 
and £ cof. 


Skin and skin structure infections caused by Staphylococcus aureus (peniciilinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis .* Streptococcus pyogenes and Streptococcus 
species (excluding enterococci). and E col. 


Gynecologic infections caused by Staphylococcus aureus‘ {including penicilinase- and nonpenicil- 
linase-producing strains}, Staphylococcus epidermidis .* Streptococcus species (excluding entero- 
cocci}, £ coli, Proteus mirabilis, Neisseria gonorrhoeae. Bacteroides species (exciuding B distasonis, 
8 ovatus. B thetaiotaomicren), Fusobacterium species .' and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species’). 


intra-abdominal infections caused by E coli, Klebsiella species (including K pneumoniae’). Strepto- 
coccus species (excluding enterococci}, and Bacteroides species (excluding B distasonis. B ovatus, 
8 thetaiotaomicron). 


Bone and joint infections caused by Staphylococcus aureus! 
“NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan 
'Etficacy for this organism in this organ system was studied in fewer than ten infections. 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg. cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery}. 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. in 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord 

if there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated 


CONTRAINDICATIONS 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 

Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous a bd reactions to cefotetan disodium, asthe 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any Epes who has demonstrated some form of 
allergy, particularly to drugs. if an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require epinephrine and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit 
overgrowth of clostridia. Studies indicate a toxin produced by Clostridium di ficie is one primary 
cause of antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind 
the:toxin in vitro. 

Mild cases-of colitis may respond to drug discontinuance alone. Moderate to severe cases should 
be managed with fiuid, electrolyte. and protein supplementation as indicated. When the colitis is not 
relieved by drug discontinuance, or when itis severe, oral vancomycin is the treatment of choice tor 


anubiotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be 






considered. 
“PRECAUTIONS | . 
GENERAL: As with other broad-spectrum antibiotics. prolonged use of CEFOTAN may result in over- 


growth of nonsusceptibie organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures shouid be taken. 

in common with many other broad-spectrum antibiotics. CEFOTAN may be associated with a fall in 
prothrombin activity Those at risk include patients with renal or hepatic impairment. or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 


INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by pial sweating, headache. and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
mgestion of alcoholic beverages following the administration of CEFOTAN. 


DRUG INTERACTIONS: if CEFOTAN and an aminoglycoside are used concomitantly, renal function 
should be carefully monitored, especially it higher dosages of the aminoglycoside are to be adminis- 
tered or if therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglyco- 
side antibiotics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 
itis possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 


ORUG/LABGRATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehlings solution. 

As with other cephalosporins. nign concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Celotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day {approx 8-16 times the usual adult human dose} on days 6-35 of life (thought to be 
developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferaus tubule degeneration in 10 of 10 animals. Affected celis included spermatago- 
nia and spermatocytes; Sertoli and Leydig celis were unaffected. Incidence and severity of lesions 
were dose-dependent: at 120 mg/kg/day (approx 2-4 times the usuai human dose}, only 1 of 10 
treated animals was affected, and the degree of degeneration was mild. Similar lesions have been 
observed in experiments of comparable design with other methyithiotetrazole-containing antibiotics 
and impaired fertility has been reported, particularly at high dose levels. No testicular effects were 
observed in 7-week-oid rats treated with up to 1000 mg/kg/day SC for 5 weeks. or in infant dogs 
{3 weeks old} that received up to 300 mg/kg/day fV for 5 weeks. The relevance of these findings to 
humans is unknown, 


USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 


CEFOTAN® (cefotetan disodium) 


USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution shouid be exercised when cefotetan is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS l 
in clinical studies the following adverse effects were considered related to CEFOTAN therapy. 


Gastrointestinal symptoms occurred in 1.5 percent of patients: the most frequent were diarrhea (1 in 
80) and nausea {t in 700). 


Hematg gic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 
itin 208), positive direct Coombs’ test {tin 250), and thrombocytosts (1 in 300}. 


Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH {Tin 700). 


Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 


Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300). and discomfort (1 in 500} 


DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is tor 2 grams of CEFOTAN administered intravenously or 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 
determined by the condition of the patient. severity of the infection, and susceatibility of the causative 
arganism. 





GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 





Type of infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 ar 2 g every 24 hours iV or iM 

1 or 2 gevery 12 hours IV or iM 
Other Sites 2-4 grams 10r 2 g every 12 hours IV orIM 
Severe 4 grams 2 g every 12 hours IV 
Lite-Threatening 6" grams 3g every 12 hours FV 


"Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults. the recommended dosage is | or 2 g of CEFOTAN administered once, intravenously. 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section. the dose should be 
administered as soon as the umbilical cord is clamped. 


IMPAIRED RENAL FUNCTION: When renal function is impaired. a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 


mL/min Dose Frequency 
30 Usual Recommended Dose’ Every 12 hours 

10-30 Usual Recommended Dose” Every 24 hours 
“<0 Usual Recommended Dose* Every 48 hours 


“Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
Sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 


HOW SUPPLIED 

CEFOTAN is a dry. white to pale yellow powder supplied in vials containing cefotetan disodium 
equivalent to 1g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1g 
dose is available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mi. and 100 mi. viais. 
The vials should not be stored at temperatures above 22°C and shouid be protected fram light. 

t gin 10 mi vial (NDC 0038-0376-10) 

2 gin 20 mi vial (NDC 0038-0377-20) 

1 gin 100 mL vial (NDC 0038-0376-11) 

2q in 100 mL wal (NDC 0038-0377-21} 


Manufactured for 
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CEFOTAN.. 


(cefotetan disodium) 





The cost-effective replacement 


for cefoxitin 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


®DICATIONS AND USAGE l l 
REATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
ilowing infections when caused by susceptible strains of the designated organisms: 


'rinary tract infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 
jirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
'ettgeri, and Morganella morganii). 


„wer respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus 
influenzae (including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), 
and E coli. 


Skin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,* Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 


Gynecologic infections caused by Staphylococcus aureust (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,* Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,’ and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species’). 


Intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae’), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 


Bone and joint infections caused by Staphylococcus aureus.‘ 
*NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 
‘Efficacy for this organism in this organ system was studied in fewer than ten infections. 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
Clamping of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated 


CONTRAINDICATIONS 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 

Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any Frat who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require epinephrine and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with ee antibiotics may alter normal flora of the colon and may permit 
overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary 
cause of antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind 
the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should 
be managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not 
relieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for 
cect ha al pseudomembranous colitis produced by C difficile. Other causes should also be 
considered. 


PRECAUTIONS 

GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 


INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by emng, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages following the administration of CEFOTAN. 


DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function 
should be carefully monitored, especially if higher dosages of the aminoglycoside are to be adminis- 
tered or if therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglyco- 
side antibiotics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 
itis possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 


DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, a yh concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 


CEFOTAN® (cefotetan disodium 





developmentally analogous to late childhood and papery in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogo- 
nia and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions 
were dose-dependent; at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 
treated animals was affected, and the degree of degeneration was mild. Similar lesions have been 
observed in experiments of comparable design with other ip Mb pee ng feeb telat antibiotics 
and impaired fertility has been reported, particularly at high dose levels. No testicular effects were 
observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs 

(3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to 
humans is unknown. 


USAGE IN PREGNANCY: ng eriei Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
Studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 


USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations 
Caution should be exercised when cefotetan is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness in children have not been established 


ADVERSE REACTIONS 
In clinical studies the following adverse effects were considered related to CEFOTAN therapy 


Gastrointestinal symptoms occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 
80) and nausea (1 in 700). 


Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 
(1 in 200), positive direct Coombs’ test (1 in 250), and thrombocytosis (1 in 300) 


Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700) 


Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700) 


Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 


DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 
determined by the condition of the patient, severity of the infection, and susceptibility of the causative 
organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams 


PROPHYLAXIS: To peeve postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be 
administered as soon as the umbilical cord is clamped. 


IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 





DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 











mL/min Dose Frequency 
>30 Usual Recommended Dose* Every 12 hours 

10-30 Usual Recommended Dose* Every 24 hours 
<10 Usual Recommended Dose* Every 48 hours 





*Dose determined by the type and severity of infectign and\suseeptibility Of the causative organism 


Cefotetan is dialyzable and it is recommended.fhat tor patiénts undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dos@ be given every 24 hours omdays between dialysis 
and one-half the usual recommended dose on egay of dialysis 


HOW SUPPLIED e- aÇ 
CEFOTAN is a dry, white to pale yellow powder Supplied in vials containing céfotetan disodium 
equivalent to 1g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1g 
dose is available in 10 mL and 100 mL vials, and the’2.9 dose is available in 20 miL and 100 mL vials 


The vials should not be stored at temperatures above 22°C and should Qe projected from light 
1g in 10 mL vial (NDC 0038-0376-10) ZA. Q 

2 g in 20 mL vial (NDC 0038-0377-20) 

1g in 100 mL vial (NDC 0038-0376-11) 


29 in 100 mL vial (NDC 0038-0377-21) 
Manufactured for 


STUART PHARMACEUTICALS 


Division of ICI Americas Inc 


Wilmington, Delaware 19897 Rev E 3/86 63967-02 


As more and more studies are pub- 
lished documenting the safety and 
efficacy of the Anti-Reflux Prosthesis, 
its acceptance and use as an estab- 
lished alternative to fundoplication 
have increased. Problems associated 
with the previous design prosthesis 
have been virtually eliminated with 
the new circumferential strap design. 
With more than 15,000 new design 
prostheses implanted, the reported 
overall complication rate is less than 
0.1%. 

Now, several randomized trials 
compare the Anti-Reflux Prosthesis to 


For more information, contact Mentor Corporation, 600 Pine Avenue, 
Goleta, California, 93117, Toll-Free 800-235-5731. 
1185-141 





fundoplication. All studies show the 
prosthesis to have equal or greater 
effectiveness in controlling gastro- 
esophageal reflux than fundoplica- 
tion, with reduced intra-operative 
time, reduced anesthesia time, and 
shorter hospital stay. 

Clinically demonstrated efficacy, a 
proven track record with the new 
design, and cost-effectiveness all add 
up to give the surgeon, patient, and 
hospital an established alternative 
in the treatment of gastroesophageal 
reflux. 
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2 Son lies in the Flex graft 
1. IMPRA Flex grafts have a true 
eading, not concentric circles. 
e spiral pengi, n, the graft is not 
"Kir r sisan ut also compres- 
sion resistant. So it prevents both these 
common sources of complications. 
-Underneath the beading is the same 
one-piece wall design found on all 
MPRA grafts. With the one-piece 
design, there is no outer wrap to sepa- 
ate from the graft or retard tissue 
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growth. So long-term patency is 
surably higher. 
_ Also, suture retention is greater than. 
af henous vein. Preclotting is not nec- 
ass : y. And the graft has the strength to 
withstand times the fluid pres- 
SI es found in in the human arteria 
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The kink resistant 
IMPRA Flex graft. 





i Superior patency, 
even below the knee. 


The Flex graft is available in diame- 
-ters from 6mm for peripheral and extra- 
anatomic procedures to 19mm for large 
venous reconstruction. 
-In addition to straight grafts, a new 
„tapered Flex graft is now available for 
use between vessels of dramatically dif- 4 
fering diameters. A new Thinwall Flex 
graft is also available for use where the 
anastomosis involves very small 
vessels. 
For more information use the coupon 
below. Call toll free for faster service. 
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The Fine Line of Excellence 








Peel the beading back and trim for ease in 
making the anastomosis. The underlying 
graft remains unaffected. 
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-new THROMBOSTAT pump, 
Eo Eou can achieve hemostasis 
in Feeconds over large body surface 
“areas. Each depression ofthe 
_ pump offers an even distribution es 
ing ea hemostasis ofthe total area. 

ji s available in a convenient sterile kit that a fai 
gy «20,000-unit vial of THROME BOS TAT (a practical size for procedures involving 
capillary bleeding), an appropriate measure of diluent, and a pump sprayer 
cap. The kit offers sterile packaging—permitting the entire contents to be o 
brought directly into the sterile field. With the new THROMBOSTAT kit, 


STER TE E it has never been simpler 





to control capillary bleeding. 


Please see next page for brief summary 
of prescribing information. 





THROMBOSTAT KIT 


THROMBIN, USP. 
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| For more information about the 
| convenient THROMBOSTAT™ KIT, 
| simply fill out the coupon and mail to: 
| Parke-Davis, Division of Warner-Lambert Company, 
| 201 Tabor Road, Morris Plains, New Jersey 07950. Attn: Nancy Caprio, 
| 3 
| 
| PHYSICIAN'S NAME (please print) 
PARKE-DAVIS | ae a 
Division of Warner-Lambert Company ' ADDRESS ED 
Morris Plains, New Jersey 07950 | EREA 
| | ae 
PD-34-JA-2352-P-1A (3-85) Terk Fafa. SEA ay Sa 
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THROMBOSTAT”™ (THROMBIN, USP){ Bovine Origin) 


Before prescribing. please see full prescribing information. A Brief 
Summary follows: 

Thrombostat must not be injected! Apply on the surface of bleeding 
tissue as a solution or eee 
INDICATIONS AND USAGE: Throm neo et 


cated o as mne mdi im HEMastasis s 
a Pra ryt RERE ros 


Ta pig 
in cornjunchon with Absorbat 
CONTRAINDICATIONS: ° Thr 
known to be sensitive to any oi i 


hath LAG 
bovine OPEN. 


WARNING: Because of its action in the clotting mechanism. Throm- 
bostat must not be injected or otherwise allowed to enter large blood 
vessels. Extensive intravascular clotting and even death may result. 
Thrombostat is an antigenic substance and has caused sensitivity 
and allergic reactions when injected into animals. 

PRECAUTIONS: General: Consult the absorbable ; gelan iri sponge 
produs ict iabelng lor complete information for use pr 
thrombin-saturated-sponge procedure. 


Pregnancy—Teratogenic effects: Pregnancy Category C. Animal 
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ADVERSE REACTIONS: An ailergic type reaction following the ase of 
Thrombosta atiortr ectment o gie stax s has been reported. Febrile 
reachons have also be i following the use of Thrombestat 
in certe in surgical procedures B no cause-eitect relationship has 
been established, 

ee AND ADMINISTRATION: General: Sciutions of Thrombostat 
may be repared in steri ie di istilied waler Gr isotonic saline. iy 
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moy be reg ured. 


Caution: $ So utens should be used the day they are prepared. The 
solution o e used for up to 6 hours when stored al room tempera- 
Ze der refrigeration, and, if reces- 
wen 


ot Thrombose. 
1. The reacrprent surface should be sponged (not wiped) free of blood 
before Thrombostet is apoh 
2. Aspray may be used or the surface may be flooded using a sterile 
syringe and small gauge needle. The most effechve hemostasis 
results when the e Thrombostat mixes ireely with the blood as soon as 
it reaches thei 
3. in are a whe romboslatin dry form is needed, the valis 
opened oy ; g th tair hpping up the plastic cap 
and teanng on ‘kwise. The rubber-diaphragm cap may be 
easily remov ed re dned Thrombeosiat is then broken up into 
a powder by means of a sterile glass rod or other surtable sterile 
instrument. 
4. Sponging of treated surfaces should be aveided in order that the 
shot remain securely in place. 

Thrombastat may be used in conjunction with Absorbable Gelatin 
sponge, USP as follows: 
1. Prepare Thrombostat sol 
3, Immerse sponge strips o in heT Thrombost at solu- 
aor, Knead the aponge sin 


gqarously with moistened gloved fin- 
gers fo remove trapped an, thereby se re ng saturation of the 

sponge. 
i 


3. Apply satur ated sponge to bleecing arec. Holdon place for lO to 5 
seconds with a pledget of cotton ora smeli gau eee 

Thrombostat Kit: Thrombeostat Kit 
ci Thrombosiat. ane stenle vial of 
sterile pump Sprayer cap. The Kitn 
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L Remove the Tyvek blister bd by z 3 incheodted corner. 


o Re t iing 

The stenle mner tray can be liited outor mi Sliced: info 3 the operat- 

ing eld. 

2 The cover to the sterile inner tray is noved by pulling up on 

the hinger tab ng the sterii S 

3 Thrombostat solutio desired strength is prepared and the 
$ 5 or the ombostat solution 

ibe required 
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provide smooth, accurate place- 
_ ment. Jaws are always visible, and 
they don’t retract or jump forward 
during closure. 
There’s no cocking a feeder, 
because the new X20 with clip 
s counter is fully automatic. This 
truly one-handed disposable vir- 
tually eliminates i clips. 
Contact your Wec _ 
representative, and free 
up some hands 
: in the OR. 









The Hemoclip X20. ~— 
The Perfect Way To Apply 
A Hemoclip Clip. 
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NOLVADEX. .. first-line hormonal therapy 
in metastatic breast cancer in postmenopausal women... 
with a side effects profile so mild, 
they may never be inconvenienced by therapy. 
That’s the real beauty of NOLVADEX. 





Nolvadex 6°) 
TAMOXIFEN CITRATE/ STUART 


Hormonal therapy they can live with. 


Please see adjacent page for brief summary of prescribing information. 


STUART PHARMACEUTICALS 


Denson of ICL Americas Inc 
Wilmington. Delaware 19897 
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BRIEF SUMMARY 

NOLVADEX:« (tamoxifen citrate) 10 mg tablets 

Indications and Usage: NOLVADEX is effective in the treatment of metastatic breast cancer in 
postmenopausal women. Available evidence indicates that patients whose tumors are estro- 
gen receptor positive are more likely to benefit from NOLVADEX therapy. 

NOLVADEX in combination with cytotoxic chemotherapy following radical or modified 
radical mastectomy is effective in delaying recurrence o Surgically curable breast cancer in 
bg sabre women or women age 50 or older with positive axillary nodes. In the Hubay 
and NSABP studies most of the benefit to date has been in the subgroup with 4 or more 
positive axillary nodes. The contribution of the nba chemotherapy is uncertain. The 
estrogen and progesterone receptor values may help to predict whether the adjuvant therapy 
is likely to be beneficial. 

Contraindications: None known 

Warnings: Pregnancy Category D: NOLVADEX may cause feta! harm when administered to a 
pregnant woman. Individuals should not become pregnant while taking NOLVADEX. Effects 
on reproductive functions are expected from the antiestrogenic propana of the drug. In 
reproductive studies in rats at dose levels equal to or below the human dose. nonteratogenic 
developmental skeletal changes were seen and were found to be reversible. In addition. in 
fertility studies in rats and in teratology studies in rabbits using doses at or below those used 
in humans, a lower incidence of egg implantation and a higher incidence of fetal death or 
retarded in utero growth were observed, with slower learning behavior in some rat pups. The 
impairment of learning behavior did not achieve statistical significance in one Study, and in 
another study where significance was reported, this was by comparing dosed animals with 
controls of another study. Several pregnant marmosets were dosed during organogenesis or 
in the last half of pregnancy. No deformations were seen, and although the dose was high 
enough to terminate pregnancy in some animals, those that did maintain pregnancy showed 
no evidence of teratogenic malformations. There are no adequate and well-controlled studies in 


pregnant women. There have been reports of spontaneous abortions, birth defects, fetal deaths, 


and vaginal bleeding. If this drug is used during pregnancy or the patient becomes pregnant 
while taking this drug, the patient should be apprised of the potential hazard to the fetus. 

Ocular changes have been reported ina A patiani who, as part of a clinical trial, were 
treated for periods greater than one year with NOLVADEX at doses at least four times the 
highest recommended daily dose of 40 mg. The ocular changes consist of retinopathy, and in 
some patients, there are also corneal changes and a decrease in visual acuity 

In addition, a few cases of ocular changes including visual disturbance. corneal changes, 
and/or retinopathy have been reported in patients treated with NOLVADEX at recommended 
doses. It is uncertain if these effects are due to NOLVADEX 

As with other additive hormonal therapy (estrogens and androgens), hypercalcemia has 
been reported in some breast cancer patients with bone metastases within a few weeks of 
Starting treatment with NOLVADEX. If hypercalcemia does occur, appropriate measures 
should be taken, and if severe, NOLVADEX should be discontinued 
Precautions: General: NOLVADEX should be used cautiously in patients with existing leuko- 
pen or thrombocytopenia. Observations of leukopenia and thrombocytopenia occasionally 

ave been made, but it is uncertain if these effects are due to NOLVADEX therapy. Transient 
decreases in platelet counts, usually to 50,000-100,000 mm3 infrequently lower, have been 
occasionally reported in patients taking NOLVADEX for breast cancer. No hemorrhagic ten- 
dency has been recorded, and the platelet counts returned to normal levels even though 
treatment with NOLVADEX continued 

Laboratory Tests: Periodic complete blood counts, including platelet counts, may be 
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Thrombocytopenia is commonly found in patients with serious 
infection. To investigate this phenomenon, 14 consecutive pa- 
tients (68 + 10 years) who underwent laparotomy for bowel per- 
foration and culture-proven peritonitis were prospectively studied. 
Ten noninfected laparotomy patients served as a control group. 
None of the 10 control patients developed thrombocytopenia. 
Of the infected group; 12 of 14 patients (85%) developed throm- 
"x bocytopenia (<100,000/mm”). One patient (9%) developed dis- 

seminated intravascular coagulation (DIC). Of the remaining 11 
patients with thrombocytopenia, platelet counts fell from pre- 
operative level of 350,000 + 166,000 to 54,000 + 30,000 (p 
< 0.001) and reached this nadir 4.3 + 2 days after surgery. There 
was no statistically significant difference in prothrombin time, 
partial thromboplastin time, or fibrinogen levels before versus 
after operation in this group. Bleeding times in seven patients 
were 5.5 + 2 minutes, and bone marrow examination in five 
patients with platelet counts of <50,000/mm° revealed normal 

or increased megakaryocytes. No patient in this group bled, had 
medications held, or received platelet transfusions. - Platelet 
counts increased >100,000/mm° at a mean of 8.9 + 4.1 days 


Presented at the 106th Annual Meeting of the American Surgical As- 
" sociation, Hot Springs, Virginia, April 24-26, 1986. 

Reprint requests: Thomas J. Iberti, M.D., Director Surgical Intensive 
Care Unit, Assistant Professor of Surgery and Anesthesiology, Mount 
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after operation. It is concluded that (1) thrombocytopenia is 
common following surgery for intra-abdominal infection, (2) is 
not usually associated with DIC, clinical bleeding, or coagulation 
abnormalities, (3) does not commonly result ftom bone marrow 
suppression, and (4) is transient and does not require routine 
platelet transfusions. 


HROMBOCYTOPENIA is commonly found in as- 
sociation with serious infection.'"’ Previous 

} studies have reported an incidence of thrombo- 
cytopenia (platelet counts <100,000/mm7”) as high as 77% 


in medical patients with gram-negative infection.’ Simi- 


larly, surgical patients with septicemia freguently develop 
a reduction in platelet count.’ In both groups, the throm- 
bocytopenia of sepsis appears reversible i in patients who 
survive. 

The incidence of thrombocytopenia immediately fol- 
lowing surgery for intra-abdominal infection is unknown. 
Further, the percentage of patients that might require 
platelet transfusions for clinically important bleeding and 


I 
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TABLE 1. Patient Profile 


Patient 
no. Sex Age Diagnosis Flora 
l F 64 Perforated diverticuli Mixed 
2 M 89 Perforated colon cancer Mixed 
3 F 77 Sigmoid perforation Mixed 
4 M 74 Perforated diverticuli Escherichia Coli 
5 F 62 Gastrostomy leak Mixed 
6 F 61 Abdominal abcess* Mixed 
7 M 70 Ischemic bowel Enterobacter 
8 M 75 Perforated colon Mixed 
9 F 51 Abdominal abcess* Bacteroides 
10 F 74 Abdominal abcess* Mixed 
11 F 76  Jejeunal infarction Mixed 
12 F 67 Perforated colon Mixed 
13 M 55 Perforated colon cancer Mixed 
14 F 67 Perforated diverticuli Mixed 


* Re-exploration for postoperative abdominal abcess following lapa- 
rotomy. 


the clinical course of the thrombocytopenia in these pa- 
tients have not been studied. To investigate this phenom- 
enon, we prospectively studied 14 consecutive postoper- 
ative patients who had undergone laparotomy for bowel 
perforation and culture-proven peritonitis. These data 
were compared to those from a noninfected (control) 
group of postoperative laparotomy patients. 


Methods 


The study was performed in the surgical intensive care 
unit and was conducted in two parts. Patients were entered 
into part | of this study if they met the following criteria: 
(1) had undergone a laparotomy for intra-abdominal in- 
fection; (2) had culture-proven peritonitis; (3) had pre- 
operative platelet counts of more than 150,000/mm/’; (4) 
and had no history of previous platelet or bleeding dis- 
orders. Patients meeting these criteria had the daily de- 
termination of platelet count, complete blood count with 


TABLE 2. Platelet Profile in Thrombocytopenic Patients 
Without DIC (11/14) 


Preoperative 
Patient Platelet Count Days to Days to 
No. (< 1000) Nadir Nadir > 100K 
l 346 83 3 5 
2 199 22 6 10 
3 180 92 2 3 
4 204 93 2 3 
5 137 43 3 6 
6 322 31 3 10 
7 657 15 4 9 
8 417 57 7 11 
9 859 84 7 12 
10 332 11 5 17 
l1 567 32 5 14 
350 + 166 54 + 30 4.3+1.8 8.9+4.1 
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differential, hemoglobin and hematocrit, prothrombin 
time (PT), partial thromboplastin time (PTT), and fibrin- 
ogen level using routine clinical laboratory methods. 
Platelets were counted in whole blood, anticoagulated with 
EDTA using a Coulter counter model S plus II (Coulter 
Electronics, Hialeah, FL), and checked manually when 
the count was less than 100,000/mm’?. Bleeding times were 
obtained using a standardized template method (Simplate 
II, Warner Lambert Co., Morris Plains, NJ). 

Patients with elevated partial thromboplastin time, 
schizocytes on peripheral smear, hypofibrinogen (<150 
mg/dl), or evidence of clinical bleeding were further stud- 
ied for disseminated intravascular coagulation (DIC) with 
tests for fibrin monomers and fibrin split products. 

Patients were followed on a daily basis throughout their 
postoperative course. Patients with platelet counts of 
(<50,000/mm?) had bleeding times performed in order 
to evaluate the hemostatic effectiveness of their circulating 
platelets. Bone marrow aspirates were performed to as- 
certain megakaryocyte status. For the purpose of this 
study, clinical bleeding was defined as the appearance of 
petechiae or evidence of overt bleeding from the gastroin- 
testinal tract, wound site, or urinary tract. 

In part 2 of this study, 10 consecutive, noninfected pa- 
tients who had undergone laparotomies had platelet 
counts done daily throughout their postoperative course. 


Statistical Methods 


The results were expressed as the mean + SD. Com- 
parison of variables was made with the use of the Student’s 
t-test. Values of p less than 0.05 were considered signifi- 
cant. 


Results 


Fourteen consecutive postoperative patients meeting | 
the stated criteria (mean age: 68.2 + 10 years) entered 
part 1 of the study (Table 1). Twelve of the 14 patients 
developed thrombocytopenia (platelet count <100,000/ 
mm?). One patient in this group had clinical and labo- 
ratory evidence of DIC. She developed clinical bleeding, 
petechiae, positive fibrin monomers, split products, ele- 
vated partial thromboplastin time, schizocytes, and hy- 
pofibrinogen. 

Of the 11 patients who developed thrombocytopenia 
without evidence of disseminated intravascular coagula- 
tion, the following data were recorded (Table 2). Preop- 
erative platelet counts were 350,000 + 166,000 /mm? at 
the time of surgery and fell to 54,000 + 30,000 /mm? at 
their nadir (p < 0.001). The platelet count reached its 
lowest value at a mean of 4.4 + 1.8 days following surgery. 
Platelet counts increased above 100,000/mm/? at a mean 
of 8.9 + 4.1 days after operation (Fig. 1). 

Fibrinogen levels were not statistically different from 
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baseline throughout the postoperative course. On the day 
of surgery, fibrinogen levels were 297.2 + 93 mg/dl and, 
at the time of the 4owest platelet counts, was 332.2 + 105 


:* mg/dl (p = 0.37). Prothrombin time and PTT also did 


not significantly change throughout the postoperative 
course. 

None of the 11 patients without DIC had evidence of 
clinical bleeding, and they never developed petechiae. The 
bleeding times in seven patients who underwent this test 
was 5.5 + 2 min (nl < 5 min). Bone marrow examinations 
in five patients revealed normal megakaryocytes in all 
cases. No patient received platelet transfusions in the 
postoperative period, and medication was never discon- 
tinued solely on the basis of thrombocytopenia. 

In part 2 of the study, the ten noninfected postoperative 
laparotomy patients (Table 3) had preoperative platelet 
counts of 344,000 + 106,000/mm?. They had a decrease 
in platelet count to 285,000 + 89,000/mm? at a mean of 
1.8 days after operation, but this decrease was not signif- 
icant (p > 0.05). Platelet counts in this group were not 
significantly changed throughout the study (Fig. 1), and 
thrombocytopenia was not recorded in any patient. 


Discussion 


The results of this study demonstrate that thrombo- 
cytopenia is common following surgery for intra-abdom- 
inal infection, that it rarely causes clinical bleeding, and, 
in the absence of DIC, platelet transfusions are not re- 
quired. Thrombocytopenia was not observed in nonin- 
fected postoperative patients. 

It is well known that thrombocytopenia is frequently 
found in the infected patient.” Thrombocytopenia has 
been documented to occur with viral, fungal, protozoal, 
and bacterial infections.'~’ Severe bacterial infection may 
be associated with a marked decrease in platelet numbers 
in as many as 75% of patients. Although DIC is frequently 
' Cited as a major cause of the thrombocytopenia found 
with infection, it appears to be relatively uncommon, 
especially in patients with greater than 50,000 platelets/ 
mm?.3 

Recently, Silver et al.? and others! have documented 
a severe form of thrombocytopenia produced by heparin. 
This medication is commonly used in intensive care unit 
patients, and this etiology of thrombocytopenia should 
be considered in the correct clinical setting. It is unlikely 
that this occurred in our patients, however, in that the 
reported incidence is low (0.6%) and the thrombocyto- 
penia is not reversible unless the heparin is discontinued.’ 

Studies that have investigated the effects of surgery on 
platelets in noninfected patients have shown that the 
platelet count decreases minimally in the first 2-3 days 
after operation as compared to preoperative level, then 
increases above preoperative values.''-!? Economonap- 
"pulos et al. studied 15 noninfected postoperative patients 
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FIG. 1. Postoperative platelet counts show no significant change in the 
noninfected patients, whereas the infected patients had significant 
thrombocytopenia (p < 0.001) reaching a nadir at 4.4 + 1.8 days following 
surgery. 


and found that the platelet count decreased by the second 
postoperative day (260,000 + 51,000/mm7*) as compared 
to preoperative counts (275,000 + 51,000/mm°).!! Counts 
in that study were significantly increased by the fourth 
postoperative day. A similar study by O’Brien et al.'? in 
routine, noninfected postoperative laparotomy patients 
demonstrated a small decrease in platelet count (<15%) 
from baseline counts, which increased above baseline by 
day four. Our control group of noninfected surgical pa- 
tients demonstrated similar findings, but the decrease in 
circulating platelets was not significant. Thus, although 
there is a reduction in platelet count in noninfected sur- 
gical patients, this reduction is small in comparison to 
that seen in the infected patient and rarely results in 
thrombocytopenia. 

The etiology of the markedly decreased number of 
platelets seen in infected versus noninfected surgical pa- 
tients is unclear. Although drug-related bone marrow 


TABLE 3. Control Patients (N = 10) 


Preoperative 
Patient Platelet Count Nadir 

No. Age Sex Surgery (x 1000) (X 1000) 

] 77. F Cholecystectomy 473 375 

2 84 F  Hiocolic resection 260 260 

3 80 F Cholecystectomy 275 2715 

4 65 M ABD aortic aneurysm 266 199 

5 90 F AP resection 252 252 

6 84 M Lysis adhesions 520 230 

7 8&3 F Colectomy 286 194 

8 69 M Gastrectomy 432 420 

9 49 F ABD aortic aneurysm 246 228 

10 78 F  Pancreatectomy 428 426 
76 + 12 344 + 106 285 + &9 


344 


suppression is frequently implicated, this may be an un- 
common cause.’ As shown in this study, bone marrow 
examination failed to reveal decreased megakaryocyte 
production, and the platelet count returned towards nor- 
mal despite continuation of all medications. Platelet ag- 
gregation on damaged vascular surfaces, in the lung, or 
in the spleen may play an important role.'~*:'* Other pos- 
sible mechanisms for the observed thrombocytopenia in- 
clude direct platelet interaction with the lipopolysaccha- 
ride from gram-negative bacteria," circulating immune 
complexes (platelet associated IgG has been found to be 
elevated in some patients with thrombocytopenia),'*"'’ 
or peripheral sequestration at the site of the infective pro- 
cess. 4 

Regardless of the etiology of the thrombocytopenia, the 
remaining circulating platelets appear to function better 
than normal platelets. Previous investigators have shown 
that, in Septic, thrombocytopenic patients without dis- 
seminated intravascular coagulation, spontaneous bleed- 
ing is uncommon.’ Further, routine platelet transfusions 
in these patients do not result in increases in platelet 
number,’ implying that the transfused platelets are de- 
pleted by similar mechanisms. In the present study, 
bleeding was not seen despite platelet counts that fell to 
as low as 15,000/mm?. Harker and Slichter have correlated 
bleeding times and platelet counts.® Based on their studies, 
it is clear that the patients in the present study have a 
much shorter bleeding time than expected from their 
platelet counts. From these data, routine platelet trans- 
fusion in this clinical situation is not recommended. 

Finally, the clinical course of thrombocytopenia in 
treated infection is one of a gradual depletion of platelets 
that reaches a nadir between days 3-5 after operation and 
returns slowly above 100,000/mm? in approximately 10 
days. Of importance is the observation that, despite clin- 
ical improvement of the patient during the first several 
postoperative days, the platelet count may continue to 
decrease. 

From the present study and literature review, several 
conclusions can be drawn and recommendations for 
treatment given. Thrombocytopenia commonly develops 
after operation in septic surgical patients, is transient in 
nature, and not commonly associated with DIC. Bleeding 
secondary to the thrombocytopenia is rare. In patients 


DISCUSSION 


Dr. RICHARD E. WILSON (Boston, Massachusetts): Dr. Iberti was kind 
enough to give me his manuscript to read, and it stimulated me to try 
to add to the list of etiologies discussed in it, because I think it is clear 
that these platelets are doing many things. 

First, is it possible that the myocardial infarction might have been due 
to a rebound phenomenon, with thrombosis occurring on the eleventh 
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with marked thrombocytopenia, a bone marrow exami- 
nation should be performed to rule out the possibility of 
drug-induced thrombocytopenia. Strict attention to the 
treatment of the underlying infection should be the main- 
stay of effective therapy for the thrombocytopenia. If the 
infection is successfully eradicated, the thrombocytopenia 
appears completely reversible. The etiology of this throm- 
bocytopenia and the hyperfunctioning of the remaining 
platelets requires further elucidation. 
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day after the reversal of this fall in platelets in that one patient? Also, 
there might be patients with severe enough sepsis in a larger series or 
under other circumstances who, in fact, will bleed and require transfusion. 
I think that it is worth trying to look at the question in a little more 
depth. 

Dr. Iberti has given us a nice list of possible etiologies. Obviously, one 
must consider one of two things—that either there is a block in the _ 
production and release of platelets or there is increased consumption. I | 
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think perhaps that these questions have to be looked at in a little more 
depth to try to define which, if not all, of these are going on simulta- 
neously. 

We have already heard a very interesting and intriguing paper by Dr. 


™ Knighton about platelets and their activity. Obviously, since platelets 


have a tremendous amount of protein factors within them, sepsis itself 
can stimulate aggregation and utilization of platelets to different degrees; 
the kind of sepsis, the underlying disease process, and so on, may be as 
important as an individual factor. 

We have been told that the megakaryocytes are normal or slightly 
increased, which does tend to make one think about either a block in 
release or some sort of deficiency in the megakaryocytes that has not yet 
been measured. 

Could endotoxin be playing a role, certainly in the diffuse intravascular 
coagulopathy patient? This was not mentioned. 

The antibody problem I like particularly, because in patients with 
thrombocytopenia the antibody is very important. One has to look at 
the question of whether steroids were inadequate in these patients and 
whether the adrenocortical function was intact. 


Dr. KENNETH G. SWAN (Newark, New Jersey): 1 would like to com- 
pliment the authors for a very fine presentation. They have correlated 
decrease in platelets with intra-abdominal infection and even intra-ab- 


„æ dominal abscess formation. 


I would like to ask the authors if they have studied or plan to study 
platelet turnover. Knowing that the normal platelet has a very short half- 
life in the body, even a shorter half-life in hours when administered 
exogenously, will they attempt radionuclide labeling of platelets to identify 
turnover and rate of turnover? 

Secondly, they have addressed the sensitivity of this test. Can they tell 
us about the specificity and, more importantly, the predictive value? In 
other words, if the platelet count goes down, can they predict the prob- 
ability of intra-abdominal abscess? 


Dr. E. THOMAS BOLES, JR. (Columbus, Ohio): I would also like to 
compliment Dr. Iberti on a beautiful and well-organized talk, and par- 
ticularly on his slides, which corresponded beautifully to the precepts 
laid down a number of years ago by the venerable and venerated Dr. 
Zollinger. 

I would like to ask him one question. Presumably, from his data these 
patients all had well-established sepsis at the time the study was initiated, 
yet their platelet counts initially were all normal. I wonder how he explains 
that. 


Dr. THOMAS J. [BERTI (Closing discussion): I would like to thank Dr. 
Wilson for his comments. Indeed, endotoxin may play an important, if 
not the most important, role in the thrombocytopenia of sepsis. Both 
? experimental and clinical studies have shown the association between 
thrombocytopenia and endotoxin. The pathophysiology, however, re- 
mains unresolved. Our laboratory is currently studying the effects of 
endotoxin on platelet function in vitro. In the present study, these patients 
probably received an acute, large load of endotoxin associated with the 
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surgery. Whether the endotoxin acts directly to reduce platelet number 
or through one or more mediators is unclear. 

Of importance is a recent article by Issekutz et al.,' in which they 
document aggregation of platelets in various vascular beds after the in- 
jection of endotoxin in the experimental model. This finding is what we 
have always expected: namely, a deposition of platelets at injured areas, 
lung parenchyma, and on vascular surfaces. 

We did not measure cortisol levels in these patients; however, the 
results would be of interest. In our study there was no clinical evidence 
of depressed adrenal function. 

I would like to thank Dr. Swan for his thoughtful comments. We did 
not study platelet turnover. However, our data show that the bleeding 
times were not markedly elevated, despite a low platelet count. In a 
classic study by Harker and Slichter,’ they were able to correlate bleeding 
time to platelet counts. If you look at their data, our patients certainly 
fall to the left of their graphed curves. It can be hypothesized that, re- 
gardless of platelet survival, the circulating platelets in these patients are 
hyperfunctioning. 

Regarding the question of predictive value, Dr. H. Harlan Stone and 
his colleagues in 1985? did an excellent review of thrombocytopenia in 
septic patients. They found that if platelet counts were less than 60,000/ 
mm? and persisted below that level, recurrent infection was present in 
over 90% of patients. Recurrent infection was found in only 16% of his 
patients with over 60,000/mm? platelets. Again, this infection setting, 
and his patient group, may be entirely different from the group we studied. 

I would like to thank Dr. Bowles for his kind remarks. The interesting 
finding regarding the present study is that, despite intra-abdominal in- 
fection, the preoperative platelet counts were not abnormal. This implies 
two things: one, these patients were not in florid septic shock at the time 
of the study. The chronically septic, hypotensive patients have markedly 
decreased platelet counts, and a higher incidence of DIC than reported 
in our series. Further, our patients had a much lower mortality than did 
classic septic shock patients. For these reasons, I feel that these patients 
represent a subgroup of thrombocytopenia associated with sepsis and 
are important to identify in that the treatment and prognosis associated 
with the thrombocytopenia are different from previous reports. 

Second, as soon as surgery was begun, the platelet counts dropped, 
indicating a release of a circulating factor or factors, possibly from a 
direct effect of the endotoxin. Of clinical importance is that, despite the 
steadily decreasing platelet count early in the postoperative period, these 
patients were clinically improving. No platelet transfusions are required. 
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Splenopancreatic Disconnection 
Improved Selectivity of Distal Splenorenal Shunt 
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Distal splenorenal shunt (DSRS) improves survival from variceal 
bleeding in nonalcoholic cirrhotics but not in alcoholic subjects. 
The metabolic response after DSRS is also different in alcoholic 
and nonalcoholic cirrhotics. Portal perfusion, quality of blood 
perfusing the liver, cardiac output, and liver blood flow do not 
change in nonalcoholics. In alcoholics, portal perfusion is fre- 
quently lost (60%), quality of blood perfusing the liver decreases, 
and cardiac output and liver blood flow increase. It is proposed 
that portal flow is lost in alcoholics via pancreatic and colonic 
collaterals after surgery. Elimination of this sump by adding 
complete dissection of the splenic vein and division of the splen- 
ecolic ligament to DSRS (splenopancreatic disconnection, SPD) 
could preserve portal perfusion, decrease shunt loss of hepato- 
trophic factor, and improve survival in alcoholic cirrhotics. This 
report compares data 1 year after surgery in two groups of cir- 
rhotics: group I (8 nonalcoholic; 16 alcoholic) had DSRS without 
SPD; group II (17 nonalcoholic; 11 alcoholic) received DSRS + 
SPD. Methods: Portal perfusion grade, cardiac output (CO), 
liver blood flow (f), hepatic function (GEC), and hepatic volume 
(vol) were measured before and 1 year after surgery. Shunt loss 
of hepatotrophic factor was estimated by insulin response (change 
in plasma concentration over 10 minutes: AUC) after arginine 
stimulation. Results: Groups I and II were similar before surgery. 
Metabolically, nonalcoholics remained stable after both DSRS 
and DSRS + SPD. After standard DSRS, alcoholics lost portal 
perfusion (75%, p < 0.05), CO, and f increased (p < 0.05), and 
quality of blood perfusing the liver was decreased (GEC/f: p 
< 0.05). DSRS + SPD preserved portal perfusion better (p < 
0.05) in alcoholic cirrhotics than did DSRS alone. After DSRS 
+ SPD, the metabolic response in alcoholics resembled that of 
nonalcoholics. CO, f, and GEC/f remained stable. These data 
show: (1) DSRS + SPD preserves postoperative portal perfusion 
in alcoholic cirrhotics better than DSRS alone. (2) Metabolic 
response to DSRS + SPD is similar in alcoholic and nonalcoholic 
cirrhotics. (3) Because portal perfusion and metabolic integrity 
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are preserved after DSRS + SPD, its use in alcoholic cirrhotics 
should improve survival. 


URING THE LAST 5 YEARS, endoscopic sclero- 
therapy has re-emerged as the safest method to 
treat acute bleeding from gastroesophageal var- 

ices.'* However, there is a significant failure rate after 
sclerotherapy,'°~'' and surgery remains the only definitive 
way to prevent rebleeding. In nonalcoholic cirrhotics and 
patients with extrahepatic portal vein thrombosis or pri- 
mary hepatic fibrosis, selective variceal decompression by 
distal splenorenal shunt (DSRS) represents optimal sur- 
gical therapy because postoperative portal perfusion is 
maintained for years and survival is improved.'?-'* In al- 
coholic cirrhotics, however, portal perfusion is lost in 60% 
of patients | year after DSRS, and survival is no better 
than that achieved by total portasystemic shunt.'*!® 

In 1984, Warren proposed that loss of portal perfusion 
after selective shunt occurred via the system of transpan- 
creatic and colonic collaterals that developed after selective 
shunt between the high pressure portal circulation and 
the low pressure splenorenal anastomosis.'*!’ Loss of 
hepatotrophic factors (insulin) from the liver through this 
“pancreatic siphon” (Fig. 1)'® was offered as one reason 
why selective shunt did not prolong survival in alcoholics 
who lost portal perfusion. Warren projected that, if the 
splenic vein were completely separated from the pancreas 
during selective shunt (splenopancreatic disconnection, 
SPD) (Fig. 2), the pancreatic siphon would not develop 
and postoperative portal perfusion and the selectivity of 
the operation could be preserved. Shortly after Warren’s lees 
observations were published, Inokuchi described similar 
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collateralization after selective shunt (“portal malcircu- 
lation”) and corroborated its physiologic significance to 
the loss of portal perfusion.!9 

This report presents metabolic and hemodynamic data 
1 year after surgery in a group of cirrhotics operated with 
DSRS plus SPD. For purposes of comparison, data from 
an unmatched but similar group of patients who received 
selective shunt without splenopancreatic disconnection 
are also presented.” 


Material and Methods 
Technical Aspects of DSRS + SPD 


The patient is positioned with the left side elevated 20 
degrees and the left arm adducted across the chest. A left 
subcostal incision is extended across the right rectus mus- 
cle. After dividing the gastrocolic ligament from the py- 
lorus to the short gastric vessels, the splenocolic ligament 
is taken down, which exposes the hilum of the spleen, 
provides access to the lesser sac, splenic artery, and tail 
of the pancreas, and interrupts the major collateral path- 
way between the splenic vein and mesentery of the splenic 
flexure. 

SPD is complete dissection of the splenic vein from the 
pancreas to its bifurcation at the splenic hilum. Dissection 
of the splenic vein should pioceed on the vein with the 
posterior, inferior surface isolated before anterior and su- 
perior surfaces are approached.” The junction of the 
splenic and superior mesenteric vein should be controlled 
early in the dissection. Small splenopancreatic perforating 
veins are ligated and divided as they are encountered. 
Division of the splenic vein at its junction’ with the su- 
perior mesenteric vein will facilitate dissection of the 
splenic vein from the pancreas, as does intermittent 
clamping of the splenic artery to decrease blood loss. Su- 
periorly rotating the pancreas with the surgeon’s left hand 
behind the gland aids exposure as the splenic vein passes 
through the upper border of the pancreas (the pancreatic 
groove). In most cases, the splenic vein courses above the 
pancreas for several centimeters before entering the hilum 
of the spleen. Controlling the vein above the pancreas 
requires special care, since injury to the vein at thé hilum 
may cause irreversible harm. If disséction of the splenic 
vein from the pancreas is difficult, complete mobilization 
of the spleen from its bed with rotation of both spleen 
and pancreas medially will allow dissection of the splenic 
vein from a posterior approach (Inokuchi maneuver).!” 

The splénorenal anastomosis is performed in the usual 
manner, as is interruption of the left and right gastric 
veins.” . 


Patient Populations 


_ Selective decompression was performed in 111 patients 
between August 1983 and January 1986. Sixty-five pa- 
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inf. mesenteric 
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Fic. 1. Schematic of the “pancreatic siphon” that develops after DSRS, 
resulting in the loss of hepatotrophic factors from the liver. Arrows denote 
route of bldod flow from the high pressure portal circulation to the low 
pressure splenorenal anastomosis. i , 


tients had DSRS + SPD, and the remaining 46 patients 
received standard DSRS. The latter was usually performed 
in the ernergent or urgent setting. Twenty-eight of the 
DSRS + SPD patients (17 nonalcoholic; 11 alcoholic) 
have beén followed at least 1 year and define the study 
population. | 

Ani additional 10 patients with DSRS + SPD and 13 
others who had standard DSRS had stimulated levels of 
insulin measured in their shunts at a median follow-up 
of 5 months (range: 3-15 months; X = 6.7 months) and 
31 months (range: 6-60 months; X = 33.8 months), re- 
spectively. 
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Fic. 2. DSRS + SPD. Note the complete separation of the splenic vein 
from the pancreas. 
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A previously published group!’ of 24 cirrhotics (16 al- 
coholic; 8 nonalcoholic) are included to compare the he- 
modynamic and metabolic differences between DSRS and 
DSRS + SPD. 

The resurgence of endoscopic sclerosis has changed our 
surgical population. Most (80%) patients now operated 
on are sclerotherapy failures and are brought to surgery 
under less than ideal conditions. These patients are sicker, 
as indicated by the larger population of Class C subjects!! 
and the altered pattern of their quantitative tests before 
operation (see Tables 2 and 3). 


Evaluation Methods (Table 1) 


Patients were evaluated before and after surgery with 
the clinical, biochemical, and hematologic studies that 
comprise the Emory Hepatic Database.” Liver biopsy 
confirmed the etiology of the cirrhosis. 

Hepatic function was quantitated by galactose elimi- 
nation capacity (GEC).”” Liver blood flow was estimated 
by low dose galactose clearance (flow).?? Cardiac output 
was measured by echocardiography or first pass nuclear 
cardiography (CO).** Portal perfusion was graded on the 
venous phase of the superior mesenteric angiogram: | 
(normal) — 4 (absent or reversal of flow).*° Liver volume 
was computed from abdominal computed tomographic 
scan (vol).74 

Quality of blood perfusing the liver was indexed by 
liver function divided by liver blood flow (GEC/flow).!’ 


Insulin Studies 


Loss of pancreatic hepatotrophic factor (insulin) 
through the shunt was estimated by measuring plasma 
insulin concentrations after intravenous arginine stimu- 
lation (50 mi of 10% solution/90 sec). Blood samples were 
drawn through a catheter placed via the femoral and left 
renal veins 2 cm into the splenorenal shunt during an- 
giography. Simultaneous peripheral venous samples were 
drawn from the antecubital vein opposite the site of the 
infusion. Samples were collected before and at 2, 4, 6, 
and 10 minutes after arginine bolus. Insulin was measured 
by radioimmunoassay?” and response defined as the area 
under the plasma concentration versus time curve (0-10 
minutes). 


Statistical Methods 
Pre- to | year postoperative changes were compared 
using paired t-test.7° 
Results 
Clinical 


Splenopancreatic disconnection was performed in more 
than 90% of patients in whom it was attempted. The extra 
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dissection extended surgery 30-60 minutes and increased 
transfusion requirements in some patients. Separating the 
entire length of the splenic vein from the pancreas was _ 
more difficult in alcoholic patients and subjects where ` 
chronic sclerotherapy had produced perivenular thick- 
ening and peripancreatic inflammation. 

Operative mortality (in hospital or 30 days) after DSRS 
+ SPD was 8% (5 of 65 patients). Four patients died of 
hepatic failure, which was linked to sepsis in three. The 
fifth patient died of complications related to intra-ab- 
dominal bleeding. 

Two patients (3%) bled from recurrent varices in the 
early postoperative period and required portacaval shunt. 
Two others (3%) had intra-abdominal bleeding which re- 
quired re-exploration. This incidence of rebleeding is not 
higher than after standard DSRS.!*!6 It had been antici- 
pated that the extra dissection and subjection of the pan- 
creas to undecompressed portal hypertensive pressures 4 
would increase postoperative bleeding. 


Quantitative 


The pre- to | year postoperative data for the 28 patients 
operated with DSRS + SPD is presented in Table 1. 
Comparison of data from the DSRS + SPD group with 
patients receiving DSRS without SPD is listed in Tables 
2 and 3 and portrayed in Figures 3-8. 

Portal perfusion. Portal perfusion was preserved in 
nonalcoholics and lost in alcoholics | year after DSRS 
without SPD.'’ Portal perfusion was preserved in both 
alcoholics and nonalcoholics 1 year after DSRS + SPD 
(Table 1). DSRS + SPD preserved portal perfusion better 
(p < 0.05) than DSRS without SPD in the alcoholic subset 
(Fig. 3). 

Cardiac output. Cardiac output increased (p < 0.05) | 
year after DSRS without SPD when portal perfusion was į 
lost in the alcoholic subset (Fig. 4). Cardiac output did 
not increase in nonalcoholics after standard DSRS when 
portal perfusion was preserved (Table 3). Cardiac output 
did not increase in alcoholics or nonalcoholics operated 
on with DSRS + SPD. These changes in cardiac output 
were significantly different (p < 0.05) in alcoholics op- 
erated on with DSRS + SPD compared to alcoholics re- 
ceiving DSRS without SPD (Fig. 4). 

Liver blood flow. Liver blood flow increased (p < 0.05) 
in alcoholic cirrhotics after standard DSRS 1 year after 
surgery (Fig. 5, Table 3).'’ Liver blood flow decreased (p 
< 0.05) in alcoholic cirrhotics 1 year after DSRS + SPD. 
Liver blood flow was higher (p < 0.05) before surgery in 
alcoholics who received DSRS + SPD. The difference be- 
tween the change in liver blood flow (LBF, DSRS + SPD: 
postoperative—preoperative vs. LBF, DSRS without SPD: 
postoperative-preoperative) was also significant (py 
< 0.05) (Fig. 5). Liver blood flow did not increase after 
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Total 
Preop 1 Year 

Bilirubin (0.1-1.1 mg/dl) 

DSRS+SPD 14+0.9 2.33.2 

DSRS 1.1+0.5 2.0+0.9 
Albumin (3.2-5.6 mg/dl) 

DSRS+SPD 3.4+0.5 3.5+0.7 

DSRS 3.8+0.5 3.6 + 0.4 
Prothrombin time (sec. prolonged) 

DSRS+SRD 12+0.9 1040.8 

DSRS 2.24 1.0 1641.0 


either operation in patients with nonalcoholic cirrhosis 
(Table 3). | 

Quantitative liver function (Tables 1 and 3). Galactose 
elimination capacity did not dectease significantly in 
any of the patient populations after DSRS with or with- 


WARREN AND OTHERS 


out SPD. 


TABLE 3. Function and Hemodynamic Changes 
Preoperative and at 1 yr 


GEC (500 + 50 
mg/min) 
Total 
Alcoholics 
Nonalcoholics 


Flow (ml/min) 
Total 
Alcoholics 
Nonalcoholics 


GEC/flow x 100 
Total 


Alcoholics 
Nonalcoholics 


Volume 
(1493 + 2309 
cm’) 
Total 
Alcoholics 
Nonalcoholics 


GEC/volume 
x 100 
Total `. 
Alcoholics 
Nonalcoholics 


Alcoholics 
Nonalcoholics 


DSRS 
(Mean + S.D.) 


Preop 


350 +99 
337 +99 
326 + 98 


1089 + 267 
1133 + 265 
1045 + 269 


32.147.9 
30.0 + 7.3 
35.2 + 7.8 


1801+517 
2113+ 600 
1489 + 433 


21.0 + 6.0 
17.3 + 7.0 
24.6 + 4.1 


6.9 + 1.5 
6.8 + 2.0 
6.9 + 1.0 


1 Year 


315+81 
305 + 69 
324 +93 


1152 +288 
1339 + 406 
964 + 169 


27.8 +8.1 
24.7 +9.2 
33.5+6.6 


1574 + 562 
1836 + 637 
1311 + 487 


21.2 5.5 
18.5 + 6.6 
25.6 + 4.9 


9342.9 
10.7 + 3.0 
7.9 + 2.9 


DSRS + SPD 
(Mean + S.D.) 


Preop 


323 + 66 
313 + 56 
327472 


1399 + 483 
1717 + 545 
1203 + 300 


25.8 + 9.0 
20.0 + 9.0 
30.1 + 7.6 


1518 +523 
1827 + 520 
1306 + 431 


24.6 + 9.9 
19.5 + 9.4 
27.2494 


8.3 + 2.8 
$3 3.2 
8.3 +: 2.5 


1 Year 


316 +66 
305 +65 
320+ 73 


1207 + 347 
1297 + 346 
1102 + 321 


28.9 + 1.0 
23.4 + 6.4 
32.3 £ 10.4 


1403 + 52 
1677 + 602 
1216 +464 


25.1 + 8.8 
20.9 + 8.3 
28.3 + 8.3 


7.9 +19 
8.3 + 2.6 
72żl1.i 
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ae TABLE 2. Biochemical Changes before and at 1 Year after DSRS and DSRS+SPD 


Alcoholic Nonalcoholic 

Preop 1 Year Preop 1 Year 
15+0.8 1.4+0.8 4+1.0 2.7+4.0 
1.0 + 0.4 2.11.0 0.5 1.8 +40.7 
3.40.5 3.80.5 3.4+0.6 3.3+0.8 
3.6 £0.5 3.6 +40.4 3.9 +0.4 3.50.5 
1.4+0.9 1140.8 1.10.8 0.9+0.8 
2.6 £ 0.9 1.7+40.9 18+1.0 1.51.3 


Quantitative liver function/liver blood flow. GEC/unit 
flow indexes hepatic function for a given volume of flow 
and is a measure of the quality of blood perfusing the 
liver (Fig. 6, Tables 1 and 3).'’ GEC/unit flow decreased 
(p < 0.05) in alcoholics who lost portal perfusion after 
DSRS without SPD. This resulted from a decrease in GEC 
and increase in liver blood flow (p < 0.05). When portal 
perfusion was preserved in alcoholics after DSRS + SPD, 
GEC decrease was less and liver blood flow also decreased. 
The difference in change in GEC/flow (GEC/f DSRS 
+ SPD, postoperative-preoperative vs. DSRS without 
SPD, postoperative—preoperative) was significantly dif- 
ferent (p < 0.05) (Fig. 6, Table 3). GEC/f did not change 
in nonalcoholic cirrhotics after either operation when 
portal perfusion was preserved. 

Liver volume. Liver volume decreased (p < 0.05) in all 
patients after both operations (Fig. 7, Tables 1 and 3).'’ 
Similar changes in liver volume have been observed in 
unoperated cirrhotics treated with chronic sclerother- 
apy.'! Liver function/volume (GEC/vol X 100) was 
lower (p < 0.05) before surgery in alcoholic cirrhotics;: 


DSRS + SPD 
= oo 
S l = 
G 
6 2 
3 
a 3 
g 
e 4 





Pre-Op 


One Year One Year 


Pre-Op 
FIG. 3. Portal perfusion before and after operation in alcoholic patients. 

One represents normal perfusion; 2 and 3 are intermediate grades of 
perfusion; 4 is absent perfusion. Perfusion is better maintained at 1 year- 
in the DSRS + SPD group. 
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FIG. 4. Pre- and postoperative cardiac outputs in alcoholic patients (X 
+ S.E.), Cardiac output is not increased at 1 year following DSRS + SPD. 


ij 


patients with alcoholic cirrhosis having selective shunt 
had larger livers. This index (GEC/vol X 100) did not 


_» change significantly in alcoholics or nonalcoholics after 


either operation. 

Insulin studies (Fig. 8). Peripheral and shunt insulin 
levels rose (p < 0.05) after arginine stimulation. Shunt 
levels of insulin were greater (p < 0.05) in patients with 
a pancreatic siphon after DSRS without SPD at 2 and 4 
minutes after arginine stimulation than in patients without 
a pancreatic siphon after DSRS + SPD. Total loss of in- 
sulin over 10 minutes was also greater (p < 0.05) (Fig. 8) 
in patients who had a pancreatic siphon ‘after DSRS 
without SPD compared to patients without a pancreatic 
siphon (AUC). 


Discussion 


SPD was conceived and implemented as a technical 
addition to DSRS to preserve portal perfusion and main- 
tain the selectivity of the operation. Rikkers was first to 
document that nonalcoholics maintained portal perfusion 


} better than alcoholics after selective shunt.'* Zeppa made 


the crucial observation that survival was better in non- 
alcoholics than alcoholic cirrhotics after selective shunt.*! 
Henderson showed that when portal perfusion was lost 


DSRS 


DSRS + SPD 





Pre-Op One Year Pre~Op One Year 


FIG. 5, Liver blood flow before and after operation in alcoholic patients 


™ (X + S.E.). Liver blood flow significantly increased at 1 year after DSRS 


while falling after DSRS + SPD. 


SPLENOPANCREATIC DISCONNECTION 





351 
+ SPD 

50 DSRS 50 DSRS P 
_ 40 40 
ow) 
© 
z ; 
E 20 20 m 
© 
E 

10 10 

Pre-Op One Yoar Pre~Op One Year 


FIG. 6. Liver function per unit flaw (GEC/flow X 100) before and after 
operation in alcoholic patients (X + S.E.). Lower values indicate that 
an increased blood flow is needed to maintain a specific level of hepatocyte 
function. The quality of blood perfusing the liver decreased following 
DSRS while remaining unchanged at 1 year following DSRS + SPD. 


after selective shunt in alcoholics, the hyperdynamic state 
characterized by an increase in cardiac output and liver 
blood flow also developed. Henderson postulated that the 
loss of portal perfusion and the hyperdynamic state were 
linked to decreased survival after selective shunt in the 
alcoholic.'’ Other data reinforced this concept. Although 
quantitative liver function was maintained 1 year after 
selective shunt when portal perfusion was lost,!” longer 
follow-up showed that liver function decreased and the 
incidence of hepatic encephalopathy increased in patients 
without prograde portal flow.'4 The 10-year follow-up of 
Emory’s controlled trial reinforced the importance of 
maintaining portal perfusion over time.’> The only pa- 
tients with patent shunts who maintained hepatic function 
and encephalopathy-free existence were those in whom 
portal perfusion was preserved.!° 

These observations led to the concept of the pancreatic 
siphon (Fig. 1) and the addition of the SPD to selective 
shunt. DSRS + SPD eliminates the pancreatic siphon and 
preserves postoperative portal perfusion in the alcoholic 
cirrhotic better (p < 0.05) than DSRS without SPD. These 


DSRS + SPD 


DSRS 





Pre~Op One Year Pre~Op One Year 


Fia. 7. Liver volume before and after operation in alcoholic patients (X 
+ S.E.). Both DSRS and DSRS + SPD show a decrease in liver volume 
at 1 year, and there is no difference in the rate of decrease between the 
two operations. 
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Fic. 8. Shunt insulin levels following stimulation of the pancreas by 
arginine infusion (X + S.E.). Loss of insulin through the splenorenal 
shunt is greater after DSRS, as denoted by the large area under the insulin 
concentration curve (AUC). 


data are supported by clinical experiments published by 
Inokuchi." In his group of nonalcoholic subjects, Inok- 
uchi emphasized the importance of minimizing the length 
of splenic vein left in the pancreas in communication with 
the portal vein. Even a short segment of splenic vein pro- 
vides the origin for the development of an extensive net- 
work of collaterals that can—over time—enlarge and si- 
phon flow from the high pressure portal circulation to the 
low pressure shunt. We concur with Inokuchi’s concept 
and feel that the most efficacious approach is to harvest 
the entire splenic vein from its junction with the superior 
mesenteric vein to the splenic hilum. The Italian group” 
has also presented experience with a modified SPD that 
reinforces data presented in this report. 

The data in this study also show that concurrent with 
preservation of portal perfusion after DSRS + SPD, the 
hyperdynamic state does not evolve in the alcoholic cir- 
rhotic. The absence of the pancreatic pathway appears to 
protect against the development of a chronic hyperdyn- 
amic state. All patients after both DSRS and DSRS + SPD 
show a mild hyperdynamic response early in the post- 
operative period, which disappears after several months 
in patients who maintain portal flow (unpublished data). 
The early development of a low resistance collateral path- 
_ way (through the pancreas) during this phase may be crit- 
ical to both loss of portal flow and the persistence of the 
hyperdynamic state. These possibilities remain conjec- 
tural. The data from this study show good maintenance 
of portal flow, no hyperdynamic response, and a favorable 
function/unit blood flow ratio in the alcoholic population. 
The hemodynamic and metabolic response to DSRS 
+ SPD in alcoholics is similar to that seen after DSRS in 
nonalcoholics and unoperated patients treated with 
chronic sclerotherapy. Further work is required to define 
the mechanisms by which this has been achieved. 

These data also show that when portal perfusion is pre- 
served after DSRS + SPD, less insulin is lost through the 
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shunt. This study does not show that more insulin was 
delivered to the liver. Further studies must be done to 
show if this occurs and to determine if hepatocyte integrity | 
is enhanced.” This will require direct sampling of portal ` 
blood. 

This report has focused on the alcoholic subset because 
this group loses portal perfusion after standard selective 
shunt. Should selective shunt plus disconnection be per- 
formed in nonalcoholics whose portal perfusion and liver 
function is already preserved long-term by standard shunt? 
We believe so because the pancreatic siphon also develops 
in nonalcoholics. Indeed, it was the loss of liver volume 
in the nonalcoholic (whose change in liver size is not sub- 
ject to bouts of alcoholic hepatitis) that directed attention 
to the pancreatic siphon. We now know that loss of liver 
volume occurs in unoperated patients! and probably 
represents the natural history of disease. The very im- 
portant work of Professor Inokuchi proves the value of 4 
separating splenic vein collaterals from the portal circu- 
lation in the nonalcoholic cirrhotic. !9 

The selective shunt plus splenopancreatic disconnection 
controls rebleeding as well as standard distal splenorenal 
shunt. The results of this initial experience show that only 
two patients with patent shunts rebled from varices (3%). 
One additional patient—one of the hospital mortalities— 
also bled from varices after disconnection, but bleeding 
was associated with terminal liver failure. We believe, 
however, that variceal bleeding after disconnection is he- 
modynamically different from variceal bleeding after 
standard selective shunt. After standard selective shunt, 
renal vein hypertension is common (10%) and constitutes 
the major cause of early rebleeding.'° Complete dissection 
of the splenic vein from the pancreas eliminates the 
splenopancreatic tributaries and collaterals between the 
retroperitoneum and splenic vein that may aid variceal 
decompression. Hence the full dissection, coupled with | 
gastric devascularization and coronary azygous discon- 
nection, leaves the short gastric veins as the only pathway 


_ to decompress gastric and esophageal varices. In the im- 


mediate postoperative period, this may not provide an 
adequate outflow tract. All three patients who bled after 
DSRS + SPD did so from gastric varices near the short 
gastric vessels. The overall incidence of postshunt variceal 
bleeding has not been increased to date, and, while the 
pathophysiology may be different, we project that short 
gastric hypertension should be no more of a temporary 
clinical problem than renal vein hypertension.'® 

In summary, these data show that addition of complete 
dissection of the splenic vein plus interruption of the 
splenocolic ligament can preclude the development of 
pancreatic siphon and result in better preservation of por- 
tal perfusion after selective shunt. This allows the follow- 
ing conclusions: (1) DSRS + SPD preserves postoperative . x 
portal perfusion in the alcoholic and nonalcoholic cir- 
rhotics. (2) SPD maintains portal perfusion in alcoholics 


«i 


€ 


Vol. 204 « No. 4 


(p < 0.05) better than the standard DSRS. (3) The he- 
modynamic and metabolic responses to DSRS + SPD are 
similar in the alcoholic and nonalcoholic population. (4) 
Hemodynamic stability and maintenance of the quanti- 
tative functions may be explained by better perfusion of 
the hepatocytes with portal blood and its hepatotrophic 
factors. (5) Five-year survival of alcoholics and even non- 
alcoholics may be improved after splenopancreatic dis- 
connection. 
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fine presentation and to have looked at his beautiful op2ration of spleno- 
pancreatic disconnection at Emory University Hospital the day before 
yesterday. I feel that you have overcome problems inherent to the distal 
splenorenal shunt, such as loss of hepatic portal perfusion occurring after 
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operation. Professor Warren reported his pioneering work on what is 
known as the Warren shunt in 1967. I was, of course, fascinated and 
deeply impressed by his work. 

I myself have been engaged in studies to prevent the portal malcir- 
culation appearing after distal splenorenal shunt and came to the con- 
clusion that entire isolation of a splenic vein is mandatory for this type 
of operation. | reported this in Annals of Surgery, December 1984. Our 
view is essentially identical to Professor Warren’s concept of splenopan- 
creatic disconnection. 

We use a lateral approach. First, the splenorenal ligament is incised 
along the outer margin of the spleen, and the tail of the pancreas is 
mobilized medially so that a splenic vein is under direct vision from 
behind of the pancreas. This makes feasible the mobilization of a splenic 
vein as near to the splenic hilus as possible. Second, the proximal splenic 
vein is ligated flush to the juncture with the portal vein. 

So far, 57 Japanese nonalcoholic patients have undergone this oper- 
ation. Two were lost and two had postoperative esophageal bleeding, 
that is, the operative mortality and postoperative bleeding rate was 3.7%, 
respectively. The postoperative hemodynamic status of the portal system 
was examined using a Doppler flowmeter coupled with a US scanner. 
The mean follow-up period is 2 years and 2 months. 

Eleven patients who underwent the conventional distal splenorenal 
shunt served as controls. In the control group, considerable portal mal- 
circulation was encountered. Portal obstruction or severe stenosis oc- 
curred in 18%. The mean portal blood flow was only 169 ml/min, and 
hepatofugal flow was recorded at more than 1000 ml/min. In sharp con- 
trast, in the group with splenopancreatic disconnection, portal malcir- 
culation was nil, and the mean portal blood flow was recorded as 566 
ml/min, as normal. I feel that Warren’s view has been proven effective. 

I entirely agree with Warren’s view that splenopancreatic disconnection 
makes for a satisfactory distal splenorenal shunt. I believe that the oc- 
casional occurrence of portal malcirculation will be prevented by the 
entire splenopancreatic disconnection, and I hope that this mode of 
thinking will be understood widely and that establishment of a true distal 
splenorenal shunt will become prevalent. I would like to express my deep 
appreciation to Professor Warren and his colleagues for their great con- 
tribution to this field of surgery. 


Dr. ROBERT ZEPPA (Miami, Florida): I too enjoyed this paper im- 
mensely, and I think it provides us with a tool to determine whether 
longevity in the alcoholic is related to the steal that occurs in the pancreas 
and that has been proven beyond a shadow of a doubt by both Dean 
and Professor Inokuchi. 

We have in our population of patients a small group of alcoholics in 
whom we are certain that alcohol abuse is no longer a problem. The 
probability of survival on an actuarial analysis for this particular group 
is over 90%. 

Our standard distal splenorenal shunt in Miami has always included 
about 80% of the vein out of the pancreas since 1971. It would be in- 
teresting to know whether in a prospective, randomized manner we can 
select a percentage of the length of splenic vein that is going to be im- 
portant to reduce this particular problem. If the alcoholics in the Emory 
series who have undergone this particular operation with total discon- 
nection of splenic vein from pancreas do indeed survive longer, then | 
think that the null hypothesis will have been served. 


DR. WILLIAM V. MCDERMOTT, JR. (Boston, Massachusetts): These 
intriguing observations that we have come to expect from Dean Warren 
and his group and that we have seen today emphasize some ef the prob- 
lems that have become increasingly apparent since the original papers 
by Bob Zeppa and Dean on the introduction of the selective shunt, that 
is, the problem of maintaining portal perfusion. This, in essence, means 
maintaining portal hypertension tn the splanchnic bed and lowering portal 
hypertension to relatively normal levels in the bed of vessels around the 
esophagogastric junction. 

This is a real conflict, because Nature, in her own inevitable way, 
seems to overcome everything we try to do, and everyone has observed 
the fact that, as months and years went by, further collateralization oc- 
curred from the portal hypertensive segment into the esophagogastric 
Junction en route back to the azygos system. 

Thus, this combination of what amounts to local shunting, selective 
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shunting, and portal-azygos disconnection probably will buy us further 
time in maintaining this apparent paradox for hypertension in one section 
of the splanchnic-splenic bed and lower pressure in the other. How long 
it will last is hard to say as yet with a l-year study. I suspect that Nature 
will find collaterals around that whole immense area on her way back 
from the hypertensive area to the low pressure azygos system. 


DR. DONALD TRUNKEY (Portland, Oregon): This ts a follow-up ques- 
tion on what Dr. McDermott just asked: What is the actual operative 
technique you are using? Do you take down the small branches emptying 
into the portal vein and superior mesenteric vein from the head of the 
pancreas? I suspect what is happening is that you are just delaying the 
collateralization by doing the disconnection to the splenic vein. The 
bottom line of the question is, how durable do you think this procedure 
will be? 


Dr. JEREMIAH G, TURCOTTE (Ann Arbor, Michigan): I congratulate 
Dr. Warren and his group on yet another major contribution to the field 
of portal hypertension. 

We have been using the distal splenorenal shunt as our operation of 
choice since about 1974. I think we are more optimistic than Dean Warren 
and Bob Zeppa in its application to the alcoholic patient. We have always 
taken extra pains to have a rather complete disconnection, including 
freeing at least two thirds of the splenic vein from the pancreas. 

We have been encouraged by our results following construction of a 
distal splenorenal shunt in patients with hepatic cirrhosis. The 3-year 
actuarial survival for Child Class A patients is 85% and for Child Class 
B patients is 75%. In our hands, the distal splenorenal shunt is clearly 
more reliable than sclerotherapy in preventing hemorrhage. Most of the 
sclerotherapy for varices in our institution is done by our group in the 
Department of Surgery. 

At the present time we think that even the standard distal splenorenal 
shunt is the therapy of choice for bleeding varices in older children, in 
patients with noncirrhotic portal hypertension, and for many patients 
with cirrhosis who fall in the Child A or B risk category. Child Class C 
patients do not do well with either shunts or sclerotherapy: these patients 
are candidates for a liver transplant. 


Dr. DAVID B. SKINNER (Chicago, Illinois): The operation we heard 
described today by both the Warren and the Inokuchi groups does indeed 
represent another major step toward selective decompression of the left 
upper quadrant. However, there remains a further step. That is the col- 
lateral bridge that Bill McDermott talked about, which is well known to 
all of us, and is the stomach. 

Our experience with gastric devascularization demonstrates that even 
though all four main vessels to the stomach are divided, the collateral 
flow through the stomach, which acts like a huge sponge in portal hy- 
pertension, continues to perfuse the left upper quadrant. It is almost 
impossible to totally devascularize the stomach in this disease; thus, the 
stomach has to represent a major bridge between the right and left upper 
quadrants. 


Dr. W. DEAN WARREN (Closing discussion): I thank all the discussants. 
It is a great pleasure to have Professor Inokuchi discuss this paper. Last 
year I was privileged, along with Bill Longmire, to be present at the 
official retirement ceremonies for Professor Inokuchi (this occurs at age 
62 in Japan). He performed a total splenopancreatic disconnection with 
the spleen mobilized completely and resting on the nght side of the 
abdominal wall; the splenic vein was dissected in that position, and he 
then did a “free-hand” anastomosis with one continuous suture. It was 
one of the most impressive operations ] have ever seen; I take my hat 
off to Professor Inokuchi, one of the world’s great surgeons. He actually 
did the first total splenopancreatic dissection, although we published 
before he did. 

Dr. Zeppa, the question of portal flow and longevity has intrigued 
both of us for a long time. It is one of those things, studied in an illness 
in which there are many variables, that is difficult to pin down. We are 
getting closer, and all of the data look as though they are probably going 
to be true. This will be a very important group of patients to follow. 

This study really started with Bob Zeppa’s original observation that 
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the nonalcoholic cirrhotic survived longer than did the alcoholic with 
the same selective shunt. We confirmed that in our patient population, 
then strengthened the data with a prospective, tandomized study. We 
also confirmed at that time (in partial answer to some of the later ques- 
tions, such as those of Dr. McDermott) that portal flow to the liver can 
be maintained for many years. The first patient we operated on at Emory 
had (angiographically proven) flow for over 13 years, and we have a 
number of patients with portal perfusion at 10 years or longer. However, 
two thirds of the alcoholics have lost hepatic portal flow by | year. Thus, 
there is a major difference in hemodynamic response. One fascinating 
component is cardiac output, which is iricreased by 40% in the alcoholic, 
as measured early, but is sustained at the 1-year evaluation. We believe 
that the preservation of portal flow is associated with a prevention of 
that phenomenon. I cannot say that this is cause and effect, but we have 
án association that we will continue to study. 

My old friend Bill McDermott almost invariably puts his finger on 
the crucial points. As I said, the loss that we found in the nonalcoholics 
was totally different from the portal loss in the alcoholics; in the non- 
alcoholics this seeriis to be related to the pancreatic siphon more specif- 
ically than to anything else. Also, at his suggestion we began to take 
down the splenic flexure of the colon and ligate the splendcolic vessels, 
an additional significant factor, I am sure. 

Dr. Trunkey, we appreciate your comments. I know you have had a 
real interest particularly in the emergency bleeders, The quéstion you 
asked is an excellent one and led me to believe that we should do the 
complete disconnection. It stems from a patient who had clear portal 
perfusion of the liver but loss of all the flow from the head of the pancreas, 
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across the neck and body. and out the shunt, while the intestinal flow 
was going to the liver. This is the old Starzl split-fragment preparation, 
and it has been shown many, many times that the pancreas is 

for the long-term well-being of the liver. 

We have now demonstrated that we block the pathway from the head 
of the pancreas to the body to the shunt by taking the splenic vein away 
from any pancreatic collateral. We have demonstrated angiographically, 
as Dr. Millikan showed you, that this has been effective at 1 year. 

Jerry Turcotte, we thank you for your comments and for your excellent 
contributions over so many years. We still believe that sclerotherapy, 
when used properly, is probably the most efficacious way to start alcoholic 
patients. We would agree certainly that portal vein thrombosis should 
not be started that way, nor’should the A and B nonalcoholics, What 
we (as well as those at many other institutions) need nbw, and are working 
on, is the development of criteria to identify very early which patients 
are going to be sclerotherapy failures. The patient population we now 

see is totally different from that which we had 5 years ago. They are 
a sicker, have had a lot more done to them, have thrombosed veins 
in the stomach and esophagus, with édema, infection, and’so forth. 

Dave Skinner has hit on another crucial point, and that is the gastric 
bridge that you simply cannot obliterate. If you could get rid of it, the 
shunt would not be effective. We must have the gastric bridge to get the 
blood to the short gastric veins and thence to the shunt, I can tell you 
that we were predicting a higher incidence of gastric bleeding in the 
pancreatic disconnection as compared to the conventional distal shunt, 
but thus far that has not proven to be the case. Again, this is vety early 
in the evolution of a new modification of treatment. 
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Over a period of 10 years, the authors have systematically re- 
duced portacaval H-graft diameters. Their objective was to 
achieve partial shunting of portal flow without reversal of hepatic 
flow. This report summarizes their clinical and hemodynamic 
observations in 68 surviving patients with cirrhosis (mostly al- 
coholic) and variceal hemorrhage who underwent portacaval H- 
grafts ranging from 20 to 8 mm diameters. When shunt diameters 
were reduced to 10 and 8 mm and combined with aggressive 
portal collateral ablation, portal pressures increased significantly 
over larger H-grafts. Only 3% of patients with 20-12 mm H- 
grafts had prograde portal flow after operation, compared with 
46 and 82% after 10 and 8 mm H-grafts, respectively (p < 0.001). 
The incidence of encephalopathy diminished from 39% in the 
20-12 mm H-graft group to 19 and 9% after 10 and 8 mm grafts, 
respectively (p < 0.04). None of the patients with 10 or 8 mm 
PTFE grafts rebled from varices in the follow-up period (4-61 
months). It is concluded that partial shunting of portal flow is 
hemodynamically feasible. It can be achieved in most patients 
using 8 mm polytetrafluoroethylene (PTFE) portacaval H-grafts 
combined with portal collateral ablation. Preserving prograde 
portal flow by partial shunting correlates with reduced enceph- 
alopathy rates after operation. Despite maintaining a relatively 
hypertensive portal system, partial shunts effectively prevent 
variceal hemorrhage. 


E BEGAN PERFORMING portacaval H-grafts 

more than 10 years ago for two reasons. First, 

a direct side-to-side anastomosis could be a 

difficult and time-consuming procedure. Second, we and 
others experienced a high failure rate of the mesocaval 
shunt for controlling variceal hemorrhage.'~> Large di- 
ameter (16-20 mm) portacaval H-grafts effectively pre- 
vented variceal rebleeding. However, all patients lost pro- 
grade portal flow, and hepatic encephalopathy occurred 
frequently. To determine if maintaining hepatic portal 
perfusion is important for preventing hepatic encepha- 
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lopathy, we systematically reduced portacaval H-graft di- 
ameters. We postulated that we would ultimately find an 
H-graft diameter small enough to preserve prograde portal 
flow in most patients. 

Our studies were conducted in four phases, each phase 
examining the hemodynamic and clinical results of pro- 
gressively smaller H-graft diameters. This report sum- 
marizes a decade of investigations leading to the concept 
of partial shunting for control of variceal hemorrhage in 
alcoholic cirrhosis. 


Materials and Methods 


Our investigations of portacaval H-grafts (PCHG) were 
initiated in 1975 and were conducted in four phases: (1) 
20-16 mm diameter Dacron® H-grafts; (2) 14-12 mm 
Dacron H-grafts; (3) 10 mm _polytetrafluoroethylene 
(PTFE) H-grafts with portal collateral ligation; (4) 8 mm 
PTFE H-grafts with collateral ligation. 

A total of 88 patients were entered into the studies con- 
ducted first at Albany Medical College, then at University 
of California, Irvine, affiliate hospitals. The majority (93%) 
of patients had biopsy-proven alcoholic cirrhosis. All were 
documented to have bled from gastroesophageal varices. 
Patients with preoperative thromboses of the portal system 
undergoing portacaval H-grafts are not entered into the 
present studies, most having been reported on previously.® 

Twenty patients died within 3 months of operation. 
Their operative circumstance, shunt status, and causes of 
death are shown in Table 1. These patients are excluded 
from further consideration in the remainder of our report. 

After operation, all survivors were followed during fre- 


quent visits to private and institutional clinics. Eight pa- « 


tients were lost to follow-up from 3 to 3! months after 
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TABLE |. Analysis of Operative Mortality after Portacaval H-Graft 


H-Graft 
Patient Diameter Preoperative Operative 
# (mm) Child’s Class Circumstance 

l 20 B Emergency 
2 20 C Emergency 
18 B Emergency 

4 i8 B Elective 
5 i8 C Emergency 

6 16 C Elective 
7 16 C Emergency 
8 16 C Emergency 
9 14 B Emergency 
10 12 C Emergency 
Il 12 C Emergency 
12 12 C Emergency 
13 12 C Emergency 
i4 10 C Emergency 
15 10 C Emergency 
16 10 C Emergency 
17 10 B Emergency 
18 10 C Emergency 
19 8 B Emergency 
20 8 C Emergency 


Time Interval 
until Death Shunt Status Cause of Death 
2 weeks Patent (autopsy) Hepatic failure 
4 weeks Patent (autopsy) Hepatic failure 
24 hours Undetermined Intra- and postoperative 
coagulopathy 
6 weeks Patent (autopsy) Ruptured hepatoma 
1 week Undetermined Sepsis and hepatic failure 
2 weeks Patent (autopsy) Aspiration pneumonia 
11 weeks Undetermined Hepatic failure 
3 days Patent (autopsy) Multiple systems failure 
5 days Undetermined Infected ascites, liver 
failure 
10 days Patent (angio) Hepatorenal failure 
2 weeks Patent (autopsy) Cecal perforation 
<2 days Undetermined Intra- and postoperative 
coagulopathy 
2 weeks Patent (angio) Hepatic failure 
2 weeks Patent (autopsy) Hepatorenal failure 
3 days Undetermined Hepatic failure and 
Sepsis 
2 weeks Patent (autopsy) Hepatic failure 
3 weeks Patent (angio) Renal failure 
5 weeks Patent (angio) Hepatic failure 
2 weeks Graft infection Sepsis 
(operation) 
5 weeks Patent (angio) Hepatic failure and 


SEPSIS 





operation. The average follow-up in months (and range) 
for each phase is as follows: Phase 1: 24 (range: 4-51); 
Phase 2: 33 (range: 6-56); Phase 3: 31 (range: 7-61); Phase 
4: 23 (range: 4-43). 

All patients had postoperative angiographic studies. 
Eighteen patients had postoperative venous phase superior 
mesenteric arteriography to assess portal perfusion. Fifty 
underwent transfemoral shunt cannulation. Portal and 
vena caval pressures were obtained by direct manometry 
during these studies. Graft patency and the direction of 
portal flow were determined fluoroscopically.’ Since 1980 
we have added scintigraphy to fluoroscopy to confirm 
portal flow direction.” In addition, 32 of 37 patients with 
8 or 10 mm PCHGs have had repeat angiography from 
6 months to 5 years after their initial studies as an ongoing 
study of PTFE grafts in the portal system. Any patient 
with upper intestinal bleeding after operation underwent 
endoscopy followed by angiography to assess shunt pa- 
tency. 

Before operation, we assigned each patient’s Child’s 
category on the day of the operation. After operation, we 
carefully screened patients for evidence of hepatic en- 
cephalopathy once they had fully recovered from their 
operations. Hepatic encephalopathy was diagnosed if 
family members reported confusion, memory loss, or 
personality changes. Presence of asterixis or hospitaliza- 
tion for any neurological symptoms were also used as 


criteria for encephalopathy. All such patients were treated 
with lactulose and/or restriction of dietary protein. 


Operative Technique 


The operative technique has evolved over the course 
of the study. We are currently using 8 mm ringed PTFE 
grafts. Supported grafts develop a gentle bow after releas- 
ing traction on the liver, unlike unsupported PTFE grafts, 
which tend to kink or are compressed by adjacent viscera. 
The graft length usually required 1s between 3 and 5 cm. 

Long bevels are fashioned at both ends of the graft and 
placed at a 90-degree rotation to each other. These bevels 
conform with the angles of the vena caval and portal vein 
anastomoses and double the cross-sectional area for the 
anastomosis. Each graft is placed in a closed 20 ml syringe 
filled with heparin, and air is removed from the interstices 
of the graft by alternatively compressing and releasing the 
plunger.’ 

An extended right subcostal incision is used. The lateral 
aspect of the portal vein is exposed first, then the anterior 
surface of the vena cava. The dissection is limited to ac- 
commodate the width of a small Satinsky clamp. The 
vena caval anastomosis is performed first. The pre-cut 
bevel causes the graft to angle approximately 30 degrees 
cephalad from the anterior surface of the vena cava. The 
bevel at the portal vein anastomosis produces a 30-45 
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Fic. 1. Schematic diagram of portacaval H-graft. 


degree caudad angle from the lateral surface of portal vein 
(Fig. 1). 

A simple continuous suture can produce excessive in- 
version of the anastomosis. Therefore, a continuous 
everting horizontal mattress technique is used. The portal 
anastomosis is facilitated by pre-placing the entire pos- 
terior suture line before coapting the graft to the portal 
vein. Before the portal anastomosis is completed, the graft 
is flushed with heparinized saline to remove thrombi, fi- 
brin, and other tissue debris. 

After the clamps are removed, a thrill should be pal- 
pable in the vena cava near the anastomosis. Its absence 
should be investigated. If there is any doubt, a small 
opening (1-2 mm) is made in the anterior midportion of 
the graft. A | ml Fogarty balloon catheter is passed through 
both anastomoses and withdrawn with the balloon in- 
flated. This maneuver removes small thrombi from the 
portal vein (accumulated during clamping) and ensures 
that the anastomoses are free of technical errors. Following 
construction of the shunt, portal collateral veins are in- 
terrupted. The umbilical vein is divided at the liver edge. 
The gastroepiploic veins are interrupted in continuity with 
surgical clips. The large periesophageal veins on the medial 
side of the esophagus are also suture-ligated. The coronary 
vein is suture-ligated in the lesser sac as it enters the gas- 
trohepatic ligament. The inferior mesenteric vein is in- 
terrupted at the ligament of Trietz. The aim of collateral 
ligation is to direct more portal flow towards the liver and 
shunt, It also provides an additional protective measure 
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against continued hemorrhage in actively bleeding pa- 
tients. 

Routine angiography is performed within | week of 
operation on all patients. The portal system 1s cannulated 
through the H-graft via a percutaneous transfemoral ap- 
proach. A small amount of contrast is hand-injected into 
the portal vein cephalad to the anastomosis. Direction of 
portal flow is determined by observing the flow of contrast 
fluoroscopically. The angiographic catheter 1s then passed 
into a peripheral mesenteric or splenic tributary, and serial 
angiograms are obtained. Any large unligated portasys- 
temic collateral veins are embolized using Gianturco coils. 
Before completing the procedure, portal and vena caval 
pressures are measured by direct manometry. 

Early shunt thrombosis is managed by inflating a 
Gruntzig balloon catheter in the shunt. Once some flow 
is established, an angiography catheter is left with the tip 
in the portal vein adjacent to the anastomosis. Strepto- 
kinase is infused at 5000 U/h for 24 hours, and angiog- 
raphy is repeated. 


Results 


The investigations of PCHG were conducted in four 
phases. Of the 68 surviving patients, 19 had 20-16 mm 
grafts, 12 had 14-12 mm grafts, 26 had 10 mm grafts, 
and 1! had 8 mm grafts. The clinical and hemody- 
namic results of the four phases are summarized in Fig- 
ures 2-4, 


Hemodynamic Findings 


Mean corrected portal pressures (portal minus caval 
pressure) significantly increased when shunt diameter was 
reduced to 10 mm and combined with aggressive portal 
collateral ligation. Reducing shunt diameter to 8 mm re- 
sulted in a relatively hypertensive portal system (17 + 4 


‘cm water). These corrected portal pressures were more 


than four times greater than those after 20-16 mm di- 
ameter H-grafts (Fig. 2). 

No patients with 20-16 mm diameter PCHG had pro- 
grade portal flow after operation. Only one patient in the 
14 or 12 mm PCHG group had prograde flow. When 
shunt diameter was reduced to 10 mm and combined 
with collateral ablation, prograde flow was achieved in 12 
of 26 patients. With 8 mm shunts, nine of | 1 patients had 
prograde portal flow after operation (Fig. 3). 


Postoperative Encephalopathy 


Postoperative encephalopathy rates decreased as the 
shunt diameters were reduced to 10 and 8 mm (Fig. 4). 
Combined, the incidence of encephalopathy was 39% in 
patients with 20-12 mm PCHG, in contrast to 16% in- 
cidence in patients with 10 and 8 mm PCHG (p < 0.04). 
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FIG. 2. Corrected (portal-caval). pressures (+SD) following portacaval 
H-grafts of diminishing diameters. 


| 
This difference could not be explained by distribution of 
patients according to preoperative risk factors. There was 
no significant difference in distribution of Child’s classes 
among the several shunt-diameter groups (Table 2). The 
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FIG. 4. Incidence of postoperative encephalopathy (%) with diminishing 
portacaval H-graft diameters. 


proportion of emergency shunts was also not significantly 
dissimilar (35% for the 20-12 mm group and 30% for the 
10-8 mm group). | 

Overall, the incidence of encephalopathy was 35% after 
operation in patients with reversed portal flow, compared 
with 9% in patients with prograde flow (p = 0.02). 


Rebleeding and Thrombosis Rates 


Causes of upper gastrointestinal hemorrhage following ` 
PCHG are shown on Table 3. Except in three patients, 
the nonvariceal bleeds were minor and self-limited. In 
two patients with 8 and 10 mm shunts, alcohol-induced 
hemorrhagic gastritis 6 and 7 months after operation was 
severe enough to cause death from hepatic failure. In an- 
other patient with a 10 mm PCHG, bleeding from a gastric 
ulcer required partial gastrectomy for control. He recov- 
ered uneventfully. 


TABLE 2. Distribution of Patients According to 
Preoperative Child's Criteria 





Child’s Class 
H-graft 
Diameter (mm) A B C Total 
20, 18, 16 10 8 l 19 
14, 12 5 7 0 12 
10 14 9 3 26 
8 6 5 0 li 
Total 35 29 4 68 
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TABLE 3. Causes of Rebleeding after Portacaval H-Graft 
H-Graft Diameter (mm) 
20-12 lO or 8 
Gastritis 2 4 
Gastric Ulcer aaan l 
Undetermined — | 
Varices 2 oe 
Total 4 6 








Recurrent variceal hemorrhage after shunt thrombosis 
occurred in two patients, both with a 14 mm Dacron 
PCHG. In one, thrombosis occurred within 6 months. In 
the other, thrombosis occurred within 4 years. An addi- 
tional patient with a 10 mm PCHG developed shunt 
thrombosis following splenectomy.’ He has not rebled. 

The cumulative late patency (up to 5 years) of small- 
diameter PTFE grafts is 97%. However, of the original 
group of 44 patients having PTFE grafts (survivors and 
nonsurvivors), seven (16%) developed acute shunt 
thrombosis in the perioperative period. In one patient, 
intra-abdominal sepsis with graft infection resulted in 
death within 2 weeks of operation (Table 1). In the re- 
maining Six patients, perioperative graft thrombosis was 
manifested by increasing ascites and diminishing urinary 
output and sodium within 48 hours of operation. An- 
giography confirmed the diagnosis. The first three patients 
had successful operative revision of the shunts. The grafts 
of the last three patients were successfully declotted an- 
giographically (see Methods) and have remained patent 
by follow-up angiography from 3 to 24 months later. 

Figures 5 and 6 are angiograms at 4- and 5-vear intervals 
in two patients with 10 mm PTFE grafts. Both have 
maintained prograde portal flow. 


Discussion 


Our systematic appraisal of PCHG diameters was con- 
ducted in four phases. In the first phase we investigated 
the feasibility and safety of prosthetic material in the por- 
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tacaval position. Experience with prosthetic mesocaval 
shunts had proven less than satisfactory. To conform 
with the surgical dictum of the time, we used only large- 
diameter (20-16 mm) Dacron H-grafts. While these 
achieved excellent long-term control of variceal hemor- 
rhage, all patients had reversal of portal flow and sub- 
normal portal pressures. More than one third of the pa- 
tients developed encephalopathy. 

The work of Warren, Zeppa, and others stressed the 
importance of preserving prograde portal flow to minimize 
encephalopathy rates.'° We postulated that by reducing 
shunt diameters, we would find one small enough to pre- 
serve portal flow in most patients (a partial shunt). There- 
fore, in the second phase of the studies, we used H-grafts 
with diameters of 14 and 12 mm. The hemodynamic and 
clinical results were similar to those obtained with larger 
H-grafts. 

In the third phase of investigations, we reduced H-graft 
diameter to 10 mm using PTFE grafts. We combined the 
operation with aggressive portal collateral ablation to di- 
rect more flow toward the liver. Prograde portal flow was 
achieved in almost half of our patients, while residual 
portal pressures increased to two or three times greater 
than those after larger H-grafts. Therefore, the critical graft 
diameter at which portal hemodynamics change is 10 mm. 

In the fourth phase, we reduced PTFE graft diameter 
to 8 mm. Prograde portal flow was achieved in more than 
80% of patients, and the portal system remained relatively 
hypertensive. Our objective of producing partial shunts 
in a majority of patients was attained. 

In achieving the goal of partial shunting, our decade of 
investigations produced other findings with important 
implications in the field of portal hypertension surgery, 
as explained below. 


Efficacy of Partial Shunts in Preventing Variceal Rehem- 
orrhage 


Small diameter (10 or 8 mm) portacaval H-grafts pre- 
vent variceal rehemorrhage despite maintaining a rela- 


Fic. 5. Early and follow-up 
angiography (4-year interval) 
after 10 mm PTFE portaca- 
val H-graft. 
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FiG. 6. Early and follow-up 
angiography (5-year interval) 
after 10 mm PTFE portaca- 
val H-graft. 


tively hypertensive portal system. Although aggressive 
collateral ablation may add further protection, several pa- 
tients with unligated coronary veins have not rebled from 
varices. These observations suggest that each patient has 
a “threshold” pressure at which varices are at risk for 
bleeding. As long as pressures are maintained below the 
threshold, hemorrhage is prevented. Our results dispute 
the widely held belief that only total decompression of 
variceal pressure is therapeutically effective. 


The Use of PTFE Grafts in the Portal System 


Although we initially used Dacron grafts in the 20-12 
mm diameter group, this may not be the best material 
for interposition shunts. Others have found a high late 
thrombosis rate.*ć We therefore elected to use PTFE grafts 
for 10 and 8 mm shunts. The 97% late patency rate (up 
to 5 years) with these grafts attests to their efficacy. Our 
major difficulty with PTFE has been an overall 16% rate 
of perioperative thrombosis. a problem not encountered 
with Dacron grafts. We are studying whether the use of 
ringed PTFE grafts, perioperative antiplatelet therapy, and 
forceful injection of heparin into the interstices of the 
graft will prevent perioperative thrombosis. 

Angiography plays a critical role for identifying peri- 
operative graft thrombosis and for embolizing collaterals 
missed at operation. We have successfully treated peri- 
operative thromboses by infusing low dose streptokinase 
into the portal vein above the anastomotic site. The grafts 
have remained patent in the follow-up period. Easy access 
to the portal system via the H-graft is an advantage of our 
operation. 

We prefer prosthetic grafts to direct anastomoses for 
several reasons. First, the grafts have a caudad angle from 
the portal vein and are implanted into the vena cava 
against the flow. This, as well as the length of the graft, 
should add considerable resistance to flow through the 
shunt compared with single stoma side-to-side anasto- 
moses. Second, prosthetic grafts cannot expand while di- 
rect anastomoses can widen with time. Finally, grafts re- 
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quire less extensive portal vein and vena caval dissection. 
Therefore, the operation is technically easier than direct 
side-to-side shunts, with less blood loss. 


Postoperative Encephalopathy Following Partial Shunts 


Preoperative risk factors for developing encephalopathy 
were similar for each group. However, postoperative en- 
cephalopathy rates were significantly diminished with 
smaller grafts. This reduction correlated with maintenance 
of prograde flow. Our finding supports Warren’s hypoth- 
esis that hepatic portal perfusion is important for pre- 
venting postoperative encephalopathy.'° Additionally, 
maintaining high portal pressures may reduce absorption 
of potential neurotoxins from the gut, as suggested by 
Orloff and Warren.'':'* We have previously observed that 
corrected portal pressure is inversely related to graft size. 
However, the correlation between portal pressure and en- 
cephalopathy was not as strong as the correlation between 
direction of portal flow and encephalopathy. "°? 

Our results are similar to those of Marion, Balique, and 
others who have been investigating partial shunting in 
France.'*'> The French investigators, using small stoma 
side-to-side portacaval shunts, observed prograde portal 
flow in more than 70% of their patients. In these patients, 
postoperative encephalopathy rates were significantly re- 
duced. Further, their work supports our conclusion that 
total portal decompression is unnecessary to prevent var- 
iceal hemorrhage. 


Alternatives for Managing Variceal Hemorrhage 


Endoscopic sclerotherapy has become the first approach 
for control of variceal hemorrhage at many medical cen- 
ters.'° However, sclerotherapy is not a panacea. Long- 
term control of variceal hemorrhage is unproven and 
awaits further studies. Gastric varices or hemorrhagic gas- 
tritis in the congested stomach can supervene once esoph- 
ageal varices have been sclerosed.'’ Esophageal ulcers and 
strictures may follow injection. Other potential limitations 


362 


of sclerotherapy include noncompliance of the patient for 
repeated injections and rebleeding before completing 
therapy. 

The efficacy of other nonoperative therapies such as 
propranolol remains controversial and will also require 
extensive long-term studies.'® Alcoholics are netoriously 
unreliable in adhering to treatment schedules. 

Surgical devascularization procedures have not met 
with uniform success in the United States.'*?° Rebleeding 
is a frequent problem. Some of the procedures have proven 
extremely difficult and have a high operative mortality, 
especially in high risk patients. Therefore, for those failing 
nonsurgical therapy, three major surgical options re- 
main—total, selective, and partial shunts. 

Total shunts produce unacceptably high rates of post- 
operative encephalopathy. Selective shunts reduce this 
complication, as shown in several series. Unfortu- 
nately, in alcoholics, the standard distal splenorenal shunt 
can lose its selectivity over time.”**4 This may explain 
the disappointingly high incidences of encephalopathy in 
prospective trials that study mostly alcoholics. Recently 
introduced modifications may prevent progressive loss of 
portal perfusion.” However, their success will require 
long-term follow-up. Patients failing sclerotherapy or other 
nonsurgical management will often be actively bleeding 
or have more advanced cirrhosis with ascites.'* Selective 
shunts are not usually used in these patients. Partial shunts 
using 8 or 10 mm PTFE grafts can be expeditiously per- 
formed and have few contraindications. Further, post- 
operative portal flow patterns have not changed signif- 
cantly in our follow-up studies.” Therefore, we feel that 
partial shunts have promise for managing variceal b eed- 
ing in alcoholics and could become more important in 
the future. 

Our investigations have led us to an operation capable 
of maintaining elevated portal pressures and preserving 
prograde portal flow in most cirrhotics. Reduced enceph- 
alopathy rates correspond with smaller shunt diameters. 
Variceal rehemorrhage and late shunt thrombosis retes 
remain low. An overall 16% perioperative PTFE shunt 
thrombosis rate was the single drawback. However, we 
do not find this to be an insurmountable problem. An- 
giographic intervention has proven successful in restoring 
long-term graft patency without reoperation. Do the po- 
tential benefits of partial shunting outweigh the potential 
risks? Clearly, the answer will require prospective ran- 
domized trials, our fifth and final phase of these investi- 
gations. 
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DISCUSSION 


Dr. JERE W. LORD, JR. (Bedford, New York): Dr. Sarfeh and his col- 
leagues deserve considerable credit for their persistence in studying “total” 
shunts, when the wave of the future seemed to rest with the distal sple- 
norenal shunt. One other white knight who has rushed to the defense of 
the interposition mesocaval shunt is Dr. John Cameron. 

(Slide) To add a little fuel to the fire, this slide shows Dr. Sarfeh’s data 
in the top horizontal columns. The third column includes my experience 
with 15 mesocaval shunts for variceal hemorrhage secondary to cirrhotic 
portal hypertension. Thirteen of 15 were alcoholics. There was one death 
due to acute pancreatitis and cardiac failure 3 weeks after operation. At 
autopsy the shunt was patent. There were six deaths due to cardiovascular 
and malignant disease 2~7 years after operation. None of this group 
exhibited encephalopathy nor rebled. The mean survival of the 15 patients 
was 7 years, with two patients still alive and well 7 years after operation. 

The external] diameter of the suptrior mesenteric vein ranged from 8 
to 11 mm, with an estimated internal diameter af 7-10 mm. The average 
postshunt portal pressure was 25 cm of water, somewhat higher than 
Dr. Sarfeh’s 8 mm graft. Only two patients rebled because of closed 
shunts; one was at 1 year from unexplained reasons at autopsy, and the 
other 16 years after operation bled and died 6 months later. We believe 
that it was related to a recurrence of a malignancy that shut off the 
Dacron® shunt. 

Four patients, or 27%, had encephalopathic episodes, all related to 
alcoholic binges. The one long-term survival in the four patients is now 
a member of Alcoholics Anonymous and has not experienced an en- 
cephalopathic episode in 5 years. 


Dr. WILLIAM J, MILLIKAN, Jr. (Atlanta, Georgia): We would like to 
congratulate Dr. Sarfeh and his group for an excellent presentation, and 
we are very grateful for the opportunity to review his manuscript. 

We have followed his work in the past several years with great interest 
because we agree that, as Pavlov originally showed in his experimental 
model, if the orifice can be maintained at a small enough aperture, then 
portal perfusion will be maintained. Our problem has been to determine 
exactly how small that aperture is. These data seem to show that in 
patients operated on with the 8 nim graft this goal has been achieved. 

We have several comments that we would like to make about this 
work. First, our own experience has shown that interposition grafts may 
occlude. This has been shown in the short interposition grafts (mesocaval, 
mesorenal) and in patients with mesoatrial grafts. 

Second, since the resurgence of endoscopic sclerotherapy, emphasized 
by Dr. Warren, we are seeing a population of patients who are so far 
gone at the time we are asked to operate on them that we are performing 
emergency operations for “blood salvage” purposes. This represents a 
new group to us, and we are therefore performing a larger number of 
H-graft interposition portacaval shunts to minimize operative time. 

What is the experience with small bore interposition shunts in the 
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urgent emergent setting? I worry that if it achieves its primary goal of 
maintaining portal hypertension, it will not immediately totally decom- 
press bleeding varices. 

I had the opportunity to read this manuscript and the other manuscripts 
that have been put forth by this group. I would like to know how many . 
patients maintain portal perfusion 3-4 years after operation? 

We appreciate the opportunity to review this manuscript and will 
continue to follow this group’s work with great interest. 


Dr. I. JAMES SARFEH (Closing discussion): Thank you. Dr. Lord, I very 
much appreciate your kind words and continued support of our work. 
I am interested in your hypothesis that, with the mesocaval shunt, the 
diameter of the mesenteric vein is the limiting factor in the amount of 
blood diverted by the shunt. In our operation, the shunt is the limiting 
factor. Since the mesenteric vein is an expansile conduit, will it expand 
with time to accommodate increased ‘inflow of blood? This could be 
studied relatively easily and is a fascinating concept. 

Dr. Millikan, thank you for your thoughtful comments. It was Dr. 
Warren’s pioneering work on the importance of maintaining portal per- 
fusion that really stimulated us to develop the concept of partial shunting 
for porta] hypertension. 

The experience that you have quoted regarding gradual occlusion of 
grafts in the portal system seems to pertain only to Dacron. Your group 
and others have shown that there is a finite rate of narrowing and throm- 
bosis within | year of insertion of Dacron grafts. We have not seen this 
with PTFE. As I mentioned in the presentation, thrombosis of PTFE, if 
it occurs, is seen within 48 hours of operation. We have not observed a 
trend of PIFE thromboses after this perioperative period. Therefore, it 
is apparent that the behavior of PTFE is very different from Dacron in 
the portal system. 

You next asked about emergency operations. We have analyzed our 
data after emergency operations, and these will be published in the 
American Journal of Surgery relatively soon. Thirty to 40% of our patients 
have had emergency operations. They are usually failures of sclerotherapy. 
We have halted hemorrhage in all of them. The combination of collateral 
ablation and the shunt controls the hemorrhage. Our mortality rates are 
the same as for emergency total shunts, with one major difference, how- 
ever—in survivors, postoperative encephalopathy rates after partial shunts 
are significantly lower than after total shunts. 

Finally, you asked about maintenance of portal perfusion on follow- 
up studies. I have one slide to address this issue. 

(Slide) These are 11 patients who consented to have serial scintigraphy 
over a mean interval of 18 months. The majority had 10-mm H-grafts. 
Essentially, we found that only one out of these 11 patients had a sig- 
nificant loss of portal perfusion during this 18-month period. The re- 
mainder (those who had it initially) maintained their portal perfusion. 
This finding supports out hypothesis that a modest reduction of portal 
pressure minimizes new collateral formation as contrasted with selective 
variceal decompression. 
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Forty-one patients, all in end stage hepatic failure, underwent 
46 liver transplantations with a long-term survival rate of 63%. 
Six patients died of uncontrollable bleeding due to primary graft 
malfunction at or immediately after operation. Nine died early 
or late with overwhelming infection. In addition to clinical as- 
sessment, needle liver biopsy, central plasma clearance rate of 
amino acids (CPCR-AA), and routine “liver function tests” were 
employed to aid in selection of patients for transplantation and 
for guidance in postoperative management. Although liver biop- 
sies usually afforded an exact diagnosis, neither they nor the 
routine liver function tests quantitated the extent to which he- 
patocyte function was impaired. CPCR-AA, which measures the 
rate of amino acid uptake by the liver and other central tissues 
for oxidation, gluconeogenesis, and protein synthesis was 91 + 9 
ml/M7?/min in the preoperative transplant group. This compares 
with a value of 97 + 16 in a previously studied series of cirrhotics 
who died following other forms of surgery and a CPCR-AA of 
220 + 26 ml/m’/min in those who survived. In addition, the 
preoperative CPCR-AA was found to correlate with the in vitro 
hepatic protein synthetic rate of slices from the resected recipient 
liver (r = 0.72, p < 0.02). After operation, serial hepatic needle 
biopsies were classified by histology into four grades of injury, 
ranging from normal liver transplant (Grade I) to mild hypoxic 
or rejection injury (Grade ID, viral hepatitis (Grade IID, and 
severe hypoxic or rejection injury (Grade IV). Significant rela- 
tionships of the histological grades to ultimate mortality, CPCR- 
AA, and prothrombin times were found. CPCR-AA and pro- 
thrombin time correlate inversely (r = 0.57, p < 0.001), further 
demonstrating the relationship of CPCR-AA to protein synthesis 
of clotting factors. These patterns of posttransplant response 
were delineated by serial CPCR-AA values. “Early” responders 
had values over 290 ml/M?’/min and all survived. Twelve patients 
with delayed response were characterized by values of 150 + 12, 
rising to over 200 ml/M?’/min after 2 weeks. Two who failed to 
increase CPCR-AA died. In six “poor” responders, CPCR-AA 
with Grade IV injury remained below 110 ml/M?/min. All died 
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except for one whose CPCR-AA subsequently rose following 
retransplantation. It is concluded that percutaneous hepatic nee- 
dle biopsies and CPCR-AA measurements in combination are 
of proven value, not only in understanding the nature of injury 
and functional impairment of the liver, but are also important 
as guides to selection of patients and for their posttransplant 
management. 


LINICAL TRANSPLANTATION of the liver, made 
possible by advances in surgical techniques!” and 
improved methods for the control of rejection, >* 

is becoming an effective means for treating end stage acute 
or chronic liver failure. Although hepatic insufficiency is 
characterized clinically by protein depletion, jaundice, 
ascites, and bleeding, specific measurements of important 
liver functions are needed both to aid in selection of pa- 
tients for the irreversible transplant procedure and for 
guidance in their postoperative management. Among the 
more important metabolic roles of hepatocytes in daily 
existance or in the pattern of survival from trauma and 
infection is protein synthesis. In the liver and other central 
tissues, amino acids are employed, not only for gluco- 
neogenesis and oxidation to produce energy but, more 
importantly, for accelerated synthesis of “acute phase” 
and numerous regulatory proteins required for immu- 
nocompetence and the maintenance of cellular function. 
Inability to mount this response, whether from liver failure 
or other causes, usually results in overwhelming infection, 
multisystem failure, and death.*® 

To examine this function, the central plasma clearance 
rate of amino acids (CPCR-AA) was developed to assess 
the uptake of amino acids by the liver and other central 
tissues including spleen, lymph nodes, bone marrow, and 
wound, which participate in this metabolic reaction to 
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TABLE 1. Preoperative Diagnoses and Clinical Data of Hepatic Transplant Recipients* 
| Miscellancoust 
Primary Biliary Chronic Active Submassive Sclerosing Alcoholic Hepatic Total All 
Diagnosis Cirrhosis . Hepatitis Hepatic Necrosis Cholangitis Cirrhosis Disease Diagnoses 
Number of Patients 17 8 6 6 5 2 2 4i 
Age 43.9+ 4 29.44 7 438+ 7 35.24 6 44.5+ 3 49.54 0.7 43.624 2.2 
Male/female 4/13 5/3 0/6 5/1 2/0 , 0/2 16/25 
(10°) 7.54 1 76+ 0.8 89+ 22 110+ 3.5 S.it 4,3 95+ 0.1 8.5+ 0.7 
Serum albumin l 
(g/dl) 29+ 0.2 2.74 0.2 27+ 02 22+ 0.2 25+ 0.1 25+ 0.4 27+ 0.1 
Total bilirubin 
(mg/dl) 18+ 19 19 + 6 29 + 4 27 + 6 18 + 4 10 13 19 + 2 
Prothrombin Time 
(seconds) 14 + 0.4 18 + 2 28 + 5 IS £ | 21I £3 14 + 1 17 Ł 1 
SGOT (units) 136 + 2 126 +27 251 +137 220 + 65 56 +10 33 +28 154 +23 
Alkaline phosphatase 
(units) 737 +130 320 +76 141 +20 697 +237 76 +11 214 +72 481 +72 
Encephalopathy 
present 35% 50% 100% 33% 50% 9% 46% 
Infection present 12% 38% 50% 17% 50% 50% 37% 
CPCR-AA 
(ml/M?/min) 88 + 11 (14) 113 +26 (5) “78 + 60 (3) 92 + 19 (3) 173 (1) 84 +3 (2) 91 +9 (8) 


* Mean + standard error (number of patients if different from line 1). 


stress. Previous studies revealed significantly higher values 
of CPCR-AA and hepatic proren synthesis in patients 
who survived trauma’® or sepsis? than in those who sub- 
sequently died. The CPCR-AA of noninfected cirrhotic 
patients surviving surgery was also significantly elevated 
above normal in a fashion similar to that of infected pa- 
tients with normal livers. Furthermore, the mean pre- 
operative CPCR-AA of cirrhotic patients who survived 
portacaval shunts or other surgical procedures was found 
to be more than twice that of those who died after oper- 
ation (p < 0.001).’ The significance of CPCR-AA as an 
indicator of hepatic protein synthesis was established in 
trauma, sepsis, and liver failure by correlating the im- 
mediate preoperative CPCR-AA values in numerous pa- 
tients with the rates of protein synthesis in slices of liver 
biopsies incubated in vitro.7* | 

To assess the value of amino acid clearance, both in 
the selection of patients for liver transplantation and in 
their posttransplant management, serial studies were car- 
ried out in a consecutive series of 41 adult patients op- 
erated on since July 1983. This group, terminally ill with . 
liver failure, underwent 46 hepatic transplants, with an 
overall mortality of 37%. After operation, CPCR-AA was 
compared at intervals with the histological alterations ob- 
served in percutaneous needle liver biopsies and with other 
more routine clinical measurements of the transplanted 
liver function. Clinical patterns of response emerged, dif- 
ferentiating transplanted livers functioning in a satisfac- 
tory manner from those damaged by the procurement/ 
preservation process, rejection, or viral infection. These 
patterns of amino acid metabolism, coupled with histo- 


_ logic biopsy results, were further examined to determine 


t Polycystic disease (1), toxic drug (1). 


their value as guides for retransplantation or for more 
aggressive treatment of rejection. The relationship of 
CPCR-AA to protein synthesis and the importance of each 
to defense against infection are also established in this 
seriously ill group of patients. 


Methods and Materials 
Patients 


Liver transplantation has been carried out at the New 
England Deaconess Hospital since July 1983 as part of a 
city-wide consortium effort known as the BCLT (Boston 
Center for Liver Transplantation).? Based on histories, 
physical examinations, percutaneous needle biopsies of 
the liver, and serologic determinations in the clinical lab- 
oratories, the preoperative diagnoses in 41 adults who un- 
derwent liver transplantation are presented in Table 1. 

Donor livers were harvested and transplanted into the 
recipients by the methods previously described.' The total 
cold ischemic time of the donor livers ranged from 2 hours 
and 45 minutes to 9 hours and 33 minutes (mean: +5 
hours and 41 minutes). Venovenous bypass was employed 
routinely to avoid venous hypertension iù the inferior and 
splanchnic portions of the. body. 

After operation, the patients were administered low 
dose methylprednisolone and cyclosporine daily,’ with 
dosage adjustments guided by liver biopsy and plasma 
radioimmunoassay cyclosporine level determinations. 
Rejection episodes were managed by the addition of aza- 
thioprine (1-2 mg/kg daily) or pulses of 500-1000 mg of 
methylprednisolone for 1-3 consecutive days. Patients 
with severe or refractory rejection on biopsy were ran- 
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domized to receive either a 10-day course of OKT3 
monoclonal antibody or an additional 3-5 days of bolus 
methylprednisolone. 

In addition to vital signs and hemodynamic measure- 
ments, bile output and urine production were recorded 
at standard intervals. Daily hematological and chemical 
measurements included bilirubin, coagulation factors, 
hepatocellular enzymes, BUN, creatinine, total protein, 
and albumin. 


Liver Biopsies 


Before operation, needle biopsies were employed to aid 
in establishing the diagnosis and degree of liver impair- 
ment, but only when coagulation parameters made the 
risk of the procedure low. In every instance, the resected 
liver was examined by the Department of Pathology. The 
diagnoses are presented in Table |. 

In the postoperative period, percutaneous needle biopsy 
was performed through a portion of the abdominal wound 
left open for direct visual inspection. Biopsies of the al- 
lograft were obtained by protocol at intervals ranging from 
3 to 10 days. A portion of the specimen was fixed in al- 
cohol zinc formol solution and processed for routine his- 
tological examination using hematoxylin and eosin. Each 
specimen was examined by two of the authors (UK and 
RJ) to be classified into one of six categories according to 
previously described histological criteria,'*:'” examples of 
which are shown in Figure 1. For purposes of comparing 
the degree of functional impairment, various categories 
are combined to form four grades of liver injury. 

Grade I; normal transplanted liver. Minimal portal cel- 
lular infiltrate and well preserved hepatic architecture. 

Grade Ila: moderate ischemic injury. Moderate hepa- 
tocyte swelling and degeneration, vascular congestion, and 
lobular infiltration by polymorphonuclear leukocytes. 

Grade IIb: moderate rejection. Lymphocyte infiltration 
in portal triads and centrilobular regions with centrilob- 
ular congestion and slight hepatocyte swelling and degen- 
eration. 

Grade III: viral hepatitis. Nuclear inclusion bodies as- 
sociated with evidence of microabscess formation (CMV) 
or hepatic necrosis (HSV). 

Grade IVa: severe ischemic injury. Extensive hepato- 
cellular necrosis, diffuse infiltration by polymorphonu- 
clear leukocytes, and thrombosis of microvasculature. 

Grade IVb: severe rejection. Extensive portal and lob- 
ular lymphocytic infiltration associated with hepatocel- 
lular necrosis. 


Amino Acid Metabolism 


Preoperative measurements of amino acid plasma con- 
centration, peripheral production, and CPCR-AA were 
made in the resting state following an overnight fast. In 
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order to stress the hepatic amino acid metabolic function, 
the procedure was repeated in five patients following in- 
travenous infusion of 500-800 ml of 4.5% Freamine H® 
solution during an 8-hour period. After operation, hep- 
arinized blood samples were obtained from an artery and 
a femoral vein on day 2 and at variable intervals thereafter. 

Plasma AA concentrations. Five ml blood samples from 
both the femoral artery and femoral vein were drawn into 
heparinized tubes. The plasma concentrations of amino 
acids shown in Figure 2 were measured employing a 
Beckman Model 119CL Amino Acid Analyzer (Beckman 
Instruments, Inc., Fullerton, CA). 

Peripheral production of amino acids. The rates of re- 
lease of each amino acid and the sum of all amino acids 
from one leg were determined by the product of arterial- 
venous plasma difference (AA-FV) multiplied by the es- 
timated leg plasma flow. In ten preoperative patients, the 
cardiac index (CI) was measured by thermodilution. In < 
the remainder, CI was assumed to be 3.5 L/M?/min for 
these patients in the resting state, a value previously ob- 
served in patients with liver failure.’ After operation, 
measurements of CI by Swan Ganz catheter and ther- 
modilution were employed in all cases. Leg blood flow is 
approximately 5.15 + 0.45% of CI in such patients.’ Thus, 
leg plasma flow, adjusted for hematocrit, is (1 — hema- 
tocrit) X 0.0515 X 3.5 (L/M?/min). Since the musculature 
of the leg, from which the great majority of amino acids 
are mobilized,’? is approximately one fifth of the skeletal 
muscle in the entire body," the total peripheral production 
of amino acids (PP-AA) equals AA-FV-AA X (1 — he- 
matocrit) X 0.18 u6M/M7?/min. If an infusion of amino 
acids is in progress, the rate of amino acid infusion must 
be added to PP-AA to obtain the total entry rate of amino 
acids into the plasma pool. 

Central plasma clearance rate of amino acids (CPCR- 
AA). Because of the impracticality of measuring arterio- 
venous differences and blood flow in the liver, bone mar- 
row, spleen, lymph nodes, and other actively metabolizing 
organs that take up amino acids, the concept of CPCR- 
AA was developed to measure the rate of clearance by 
these organs as a unit.'* Assuming a state of equilibrium, 
the net rate of amino acid uptake by these organs at a 
given arterial plasma concentration must equal their rate 
of entry into the plasma from muscle and by infusion 
when there is no enteric food intake. The release or uptake 
of amino acids by gut is an integral part of the net amino 
acid uptake by the liver and other central tissues. It is 
convenient to consider CPCR-AA as the quantity of 
plasma from which all amino acids would be extracted 
by central tissues at a given arterial concentration in a 
given time.’ Therefore: 


CPCR-AA 
entry rate ofamino acids 


i a a RE I ml/M2/min 
arterial plasma amino acid concentration 
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FIGS. 1A-F. A. Grade I = normal transplanted liver. B. Grade Ila = ischemic injury with hepatocvte swelling and polymorphonuclear infiltrates. C. 
Grade IIb = moderate rejection with lymphocyte infiltration in portal triads. D. Grade III = viral hepatitis with inclusion bodies (cytomegalovirus). 
E. Grade IVa = severe ischemic injury with hepatocyte necrosis diffuse polymorphonuclear infiltrates. F. Grade [Vb = severe rejection with extensive 
lymphocyte infiltration and confluent hepatocellular necrosis. 


Hepatic protein synthesis measured in vitro in the re- 0.5 mm in thickness. Each slice was weighed and incu- 
sected liver. The hepatectomy specimen was generally re- bated for 3 hours in Krebs—Ringer’s bicarbonate buffer 
moved from the abdomen within 15-20 minutes of sev- containing 2.0% bovine albumin and essential amino acids 
ering the hepatic artery and portal venous inflow. A wedge at physiologic concentrations. The medium was equili- 
biopsy, weighing approximately 10g, dampened with brated with a gas mixture (95% O,, 5% CO;), and 14C- 

P, Ringer’s lactate solution, was placed in a container sus- uniformly labeled tyrosine (0.5 wCi/flask) was added. Fol- 
pended in an ice bath for prompt transport to the labo- lowing incubation, the total hepatic protein synthetic rate 
ratory. There the liver tissue was cut into slices less than was determined by the method of Stakeberg et al." Ra- 
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Fic. 2. Arterial plasma concentrations, peripheral release rates, and 
CPCR-AA comparing preoperative liver transplant candidates with pre- 
operative cirrhotics (survivors ys. deaths). Note that CPCR-AA in the 
transplant candidates is the same as that in the cirrhotics who die after 
operation. 


dioactivity of 14C tyrosine in all precipitable protein (liver 
tissue + incubating medium) was compared with that of 
a blank flask containing medium alone. The de novo pro- 
tein synthetic rate was expressed as nanomoles 14C-la- 
beled tyrosine incorporated in protein per gram of liver 
tissue (wet weight) per 4 hours. 

The values of hepatic protein synthetic rate obtained 
from this assay were correlated with CPCR-AA deter- 
minations made within a few hours before the operation 
in a total of 11 patients. 


Results 
Preoperative Selection of Patients 


Each of the 41 patients who underwent hepatic trans- 
plantation was in a terminal state of liver failure as judged 
by the usual clinical criteria. The most common diagnosis 
was primary biliary cirrhosis, with chronic active hepatitis, 
and submassive hepatic necrosis being next in frequency 
(Table 1). Some degree of culture documented infection 
was present in 37% of the population. Ages ranged from 
17 to 60 years, with an average of 43.6 years. Serum bil- 
irubin and alkaline phosphatase levels were elevated in 
all (mean: 19 mg/dl and 154 units, respectively), with the 
most abnormal! results being found in the patients with 
sclerosing cholangitis (mean: 27 mg/dl and 220 units, re- 
spectively). Encephalopathy was present before operation 
in 46% of the patients and in 100% of those with sub- 
massive hepatic necrosis. 

Serum proteins. Serum albumin was moderately de- 
pressed in each patient. The average of 2.7 g/dl compares 
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with a total protein of 5.9 g/dl. The mean prothrombin 
time (PT) was 17 seconds compared with a normal lab- 
oratory control value of | 1-13 seconds, indicating a deficit 
of coagulation factor production. This finding was par- 
ticularly evident in the group of six patients with sub- 
massive hepatic necrosis in whom the PT value averaged 
28.5 seconds. 


Preoperative Amino Acid Metabolism 


The total CPCR-AA was 91 + 9 ml/M’/min in the 28 
patients from whom a preoperative value could be ob- 
tained. In five who were tested a second time following 
an 8-hour period of amino acid infusion, the CPCR-AA 
rose from 53 + 8 only to 118 + 15 ml/M?/min. As shown 
in Figure 2, the value for both fasted CPCR-AA and amino 
acid concentration did not differ significantly from cir- 
rhotic patients in a previous study who failed to survive 
portacaval shunt or other surgical procedures.’ 

In addition to the patients who underwent hepatic 
transplantation, 19 others considered as candidates for 
the procedure were not accepted for various reasons. One 
man was found to have a fasted CPCR-AA of 204 ml/ 
M?2/min and is alive. Four patients with a mean CPCR- 
AA of 79 + 21 underwent portasystemic shunt procedures 
with a mortality of 75%. Fourteen were not accepted be- 
cause of age greater than 60 years, uncontrollable infec- 
tion, or very severe malnutrition. Their mean CPCR-AA 
was 38.6 + 23. Of these people, four have survived to date 
and 10 have died (mortality 71%). 

In vitro hepatic protein synthesis. The in vitro total in- 
corporation of 14C tyrosine into protein by incubated 
slices of resected recipient liver was 73 + 16 nM/g/4 h. 
In eleven patients, CPCR-AA was measured immediately 
before the operation for comparison with the rate of total 
protein synthesis in the resected liver, as shown in Figure 
3. There was a significant positive correlation between the 
two measurements (r = 0.72, p < 0.02). 


Mortality 


Sixty-three per cent of the 41 patients were discharged 
from the hospital and are alive at periods ranging from | 
month to 3 years after the operation. As presented in Table 
2, Six patients died during the operation or shortly there- 
after of uncontrollable hemorrhage related to insur- 
mountable technical problems (4 patients) or primary graft 
nonfunction (2 patients). Four died of infection within 8 
weeks, three being retransplanted because of severe rejec- 
tion (2 patients) or preservation injury (1 patient) to the 
liver. At the time of death, one patient had a biopsy in- 
dicating Grade III damage and two patients had Grade 
IV hepatic damage. Of the remaining five deaths, all died . 
of overwhelming infection at times up to 15 months after 


m 
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operation (Table 2), with viral cultures being positive in 
three. . 

It is of interest to note that the mean preterminal CPCR- 
AA value in the patients who died after operation was 48 
+ 6 ml/M?/min (Table 2). 


Postoperative Values 


The histological assessment of the degree of liver dam- 
age obtained by needle biopsies is compared in Table 3 
with simultaneous CPCR-AA and other laboratory values 
in relation to the survival rate. 

Survival in relation to biopsy grade, calculated to in- 
clude all deaths which occurred when patients shifted into 
less favorable groups, reveals that with Grade I “normal 
transplanted liver,” if observed at any time, 89% recovered 
to survive; with “moderate injury” (Grade ID) biopsies, 
67% survived; with viral hepatitis (Grade I), 50% sur- 
vived; but with severe injury (Grade IV) only 17% ulti- 
mately survived (Table 3). 

CPCR-AA was measured 104 ime in conjunction with 
liver biopsies, permitting comparison with the histological 
grade. The results are shown in Figure 4. In the presence 
of normal transplanted liver, the mean CPCR-AA value 
was 263 + 22 ml/M?/min. When liver biopsies demon- 
strated moderate degrees of injury (Grade I) or the pres- 
ence of viral inclusion bodies (Grade MI), the CPCR-AA 
was depressed, respectively, to 195 and 186 ml/M?/min. 
By contrast, patients in whom the liver biopsies showed 
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FiG. 3. Total hepatic protein synthetic rates in incubated slices of liver 
biopsy specimens obtained at operation with CPCR-AA values measured 
immediately prior to transplantation in the same patients. 


severe damage (Grade IV), the CPCR-AA was only 93 
+ 19 ml/M?/min, which does not differ from the mean 
preoperative value but is significantly different from those 
patients with postoperative Grade I biopsies (p < 0.001). 


TABLE 2. Cause of Death, Infections, and Premortem CPCR-AA 


Months 
Time of Death Survived Cause of Death Fungus 
Perioperative 0 Hemorrhage — 
(N = 6) 
Early postoperative 1 +0.5 Sepsis Candida (4) 
(N = 4) 
Late postoperative 10.4+2 Sepsis Aspergillis (2) 
(N = 5) 
Total 4.1+1 Hemorrhag= (6) 6/9 
15 deaths of Sepsis (9) 
41 patients 


* Number of patients with each isolate. 


aK Grade I = NL liver = normal transplanted liver. 


Grade II = moderate ischemic injury or rejection. 


Liver Biopsy 
Histological 
Virus Bacteria“ Grade CPCR-AA 
Gaa = N/A Er 
CMY (2) Pseudomonas (1) I (0) 49 +18 
K. pneumonii (4) II (0) 
S. faecelis (1) I (1) 
Enterobacter (1) IV (2) 
S. aureus (1) 
CMV (3) S. aureus (2) I(l) 474 3 
HSV (1) E. coli (2) H (2) 
Streptococcus (1) I (0) 
C. freundii (1) IV (0) 
K. pneumonii (1) 
P. mirabilis (2) . 
Diptheroids (1) 
M. morgagni (1) 
P. carinii (1) 
6/9 9/9 I(l) 48+ 6 
I (11) 
I (1) 
IV (11) 
Grade III = viral hepatitis. 


Grade IV = severe ischemic injury or rejection. 
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TABLE 3. Correlation of CPCR-AA, Histology, and Liver Function Tests with Survival 


370 
CPCR-AA 
Liver Biopsy Survival (ml/M?/min) 
I = normal liver 89% 263 + 22 
(16/18) (47) 
H = moderate injury 67% 195 + 154 
(ischemia or rejection) (10/15) (38) 
HI = viral hepatitis 50% 186 + 37 
(2/4) (10) 
IV = severe injury 17% 93 + 19§ 
(ischemia or rejection) (1/6) (14) 
*=p< (0.05 
t= p< 0.02 


The relationship of the posttransplant clinical course 
in the hospital to serial postoperative values of CPCR- 
AA is presented in Figure 5. The 18 patients with an “early 
response” had a rapid rise of CPCR-AA to 296 ml/M7?/ 
min, with a fall of total arterial plasma AA concentration 
to 2098 + 110 uM/L. Although all but two of those with 
an early response had an infection in one or more sites, 
each responded to therapy. The convalescence of each 
person in this group was relatively uneventful. The average 
time in the intensive care unit (ICU) was only 10 + 4 
days and discharge was 1.5 + 0.4 months after operation. 
The CPCR-AA of a second group of 12 patients, called 
“delayed response,” remained below 150 ml/M?/min for 
several days to weeks, during which time the patients all 
had life-threatening infections. Two patients who received 
retransplanted livers are in this group and were discharged. 
Subsequently, the mean CPCR-AA rose to 210 + 15 ml/ 
M?/min. Because of infections and other serious compli- 
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Fic. 4. CPCR-AA compared to simultaneous liver biopsy histological 
results in the same patients. 


Prothrombin Time Bilirubin SGOT 
(Seconds) (mg/dl) (IU/L) 
13.2+0.2 10.4+ 1.1 170+ 42 
{42) (45) (44) . 
14.8 + 0.5} 13.2+1.3 542+ 191 
(26) (32) (32) 
14.7 +0.7* 15.9+3.8 319 +130 
(10) (10) (10) 
18.1 + 1.3f 23.7 + 3.5§ 1104 + 348* 
(8) (9) (9) 
t=p< 0.0! 
§ =p < 0,001 


cations, this group remained in the ICU for an average 
of 30 days, and discharge from the hospital was delayed 


to an average of 3.1 + 0.9 months. A third group of six ` 


patients failed to elevate the CPCR-AA above 112 + 12 
ml/M?/min. Three underwent retransplantation, and all 
died. Each of the six was seriously infected, and only one 
survived to be discharged from the hospital. 
Prothrombin times. Measured at the time of postop- 
erative biopsies (presented in Table 3), prothrombin times 
are closely related to the morphological grade of liver in- 
jury, ranging from 13.2 seconds (Grade I) to 18.1 seconds 
with severe injury (Grade IV). A similar but inverse cor- 
relation of prothrombin time exists with CPCR-AA, pre- 
sented both in Table 3 and Figure 6 (r = 0.57, p < 0.001). 
Serum bilirubin. Although volume of bile drainage from 
the common duct T-tube is related to hepatocyte function 
and is a determinant of serum bilirubin concentration, 
no exact relationship was found between these variables. 
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FIG. 5. Serial CPCR-AA determinations in 36 patients during the first 
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When compared to the histological grade of injury for the 
pooled data in the postoperative period, the serum bili- 
rubin was found to average 10.4 mg/dl in the presence of 
normal transplanted livers (Grade I) and to be 23.7 in 
those with severe rejection of hypoxic injury (Grade IV). 
No significant differences from Grade I were found in 
Grade II or HI (Table 3). Neither was there a significant 
correlation between CPCR-AA and the serum bilirubin 
concentration. 

Serum glutamic oxalate transaminase (SGOT). Being 
representative of other serum enzymes, SGOT was 170 
+ 42 units/L in patients with Grade I liver histology and 
was elevated significantly to 1104 + 348 IU/L only in 
those with Grade IV hepatic injury. No correlation be- 
tween SGOT and CPCR-AA was found. 


Discussion 


Improvement in surgical techniques and a more sat- 
isfactory means for immunosuppression have made liver 
“transplantation a practical method of treating end stage 
liver disease. In this series of 41 consecutive adult patients, 
63% have survived 3 months to 3 years following liver 
replacement. In consideration of the potential morbidity 
and mortality, only selected patients in immediate danger 
of death from hepatic failure for whom no alternative 
therapy exists are currently considered to be candidates 
for liver transplantation. 

Excluding the six perioperative deaths from insur- 
mountable technical problems or primary graft nonfunc- 
tion, the corrected mortality remains 25% (9 of 35) (Table 
2). Improved methods for preservation and transport of 
the donor liver are needed to obviate the dangers of initial 
hypoxic injury, which necéssitated three of the five re- 
transplantations in our series. Of the retransplanted pa- 
tients, only one survived long-term. Significant pharma- 
cologic advances (i.e, OKT; monoclonal antibody)’ in 
the prevention or treatment of refractory rejection may 
further reduce the incidence of fatal liver allograft failure, 
which contributed to the four deaths within the first six 
postoperative weeks (Table 2). All early deaths were char- 
acterized by histologic evidence of liver injury coupled 
with reduced CPCR-AA. In both early and late death 
categories, overwhelming infection was the principal 
cause of death and was associated with compromised he- 
patic function, as measured by significantly reduced 
CPCR-AA. 

Three principal methods exist for assessing the state of 
the liver before and after operation: (1) Needle biopsy'*'° 
of the liver delineates the degree of histological damage 
present but gives no direct evidence of the physiologic 
competence of the hepatocyte mass. (2) CPCR-AA® is a 
means for measuring not only the ability of the liver and 
other central tissues to clear amino acids, as an important 
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Fic. 6. Multiple postoperative CPCR-AA determinations and pro- 
thrombin time results taken simultaneously in the same patients. 


measurement of metabolic function, but serves also as an 
indicator of the hepatic protein synthetic rate, as shown 
in Figure 3. (3) Routine liver function tests (SGOT, bil- 
irubin, etc.) give indirect evidence of cellular injury or 
destruction but do not correlate with the actual metabolic 
competence of the hepatocellular mass except in the most 
severe injuries (Grade IV biopsies). Prothrombin time has 
proved to be the only standard laboratory parameter that 
correlates with CPCR-AA after operation, but only when 
in the abnormal range (Fig. 6). 

Hepatic needle biopsies may significantly contribute to 
more accurate preoperative diagnosis of the liver disease 
suggested by clinical findings, These are presented in Table 
1 and indicated the nature of diseases accepted for trans- 
plantation. However, the histologic abnormalities fail to 
quantitate the extent to which important liver functions 
have been impaired. On the other hand, in the postop- 
erative period, frequent histological assessment of liver 
injury'*!>2? has proven to be a valuable tool for the early 
differentiation of hypoxic damage, viral infection, or re- 
jection. The method is rapid and may be used for grading 
the degree of hepatic damage, as shown in Figure 1. The 
histological grades, presented in Tables 2 and 3, have an 
important quantitative relationship to the incidence of 
infection and mortality. 

A shift from Grade I or II to a lower level has served 
usefully to indicate the need for aggressive immunosup- 
pressive therapy. The presence of viral inclusion bodies, 
as found in Grade III (see Fig. 1), demonstrates the need 
for acyclovir or other antiviral therapy. Valuable as the 
postoperative hepatic histology has been, there are two 
instances when other indicators (CPCR-AA and pro- 
thrombin time) have demonstrated failure of adequate 
protein synthesis in patients with Grade II hepatic biopsies. 
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CPCR-AA is the ratio of the entry rate of amino acids 
into the plasma pool divided by the arterial plasma amino 
acid concentration. The CPCR-AA value derived repre- 
sents the quantity of plasma cleared of amino acids per 
unit of time by the liver and other central tissues. Certain 
shortcomings have been previously reviewed extensively. 
The most important of these concerns is the production 
of amino acids from peripheral tissues. This value is de- 
pendent on the arterial-femoral vein concentration dif- 
ference and the leg plasma flow rate. The latter is usually 
estimated as 5.15 + 0.45% of cardiac index based on pre- 
vious observation.!* However, the overall error in deriving 
CPCR-AA has been estimated to be no more than 12%. 
This is relatively insignificant compared with the mag- 
nitude of difference observed in various clinical states 
(trauma, sepsis, cirrhosis, and transplantation) that dif- 
ferentiate survivors and deaths.’*!*!” Others'®!? have de- 
vised other methods for measuring the clearance of amino 
acids, but all agree that liver failure for any cause results 
in significant reductions. 

The importance of CPCR-AA determinations is the re- 
lationship of CPCR-AA to the synthetic rate of proteins 
in visceral tissues. CPCR-AA is a measure of the uptake 
of amino acids by the liver and other central tissues, 
whether they be furnished by peripheral muscle protein 
degradation or by intravenous infusion of amino acid 
containing solutions. Since Cuthbertson’s observation’ 
of an accelerated urea excretion following trauma, in- 
creased utilization of amino acids for gluconeogenesis and 
energy production has been recognized. More recently, it 
has become evident that survival from trauma or infection 
requires a three- to fourfold increase of amino acid uptake 
by the liver and other central tissues for synthesis of co- 
agulation factors, antibodies, complement, and other 
components of the immune system.®! The acute phase 
proteins produced by the liver include not only fibrinogen, 
C-reactive protein, and amyloid A, but also antiprotease 
agents such as alpha-2-macroglobulin, which protect nor- 
mal uninvolved tissues from injury or destruction by the 
activated immune system.’ If this metabolic response 
mediated by proteolysis inducing factor (PIF), probably 
in conjection with stress hormones” fails, overwhelming 
infection, multisystem failure, and death usually follow.® 

Somewhat as a surprise, previous observations’ revealed 
that cirrhotic patients who were not infected also exhibited 
an accelerated flux of amino acids from the periphery to 
the central tissues, similar in most respects to the meta- 
bolic response of septic or injured patients with normal 
liver function. In the presence of severe hepatocyte injury, 
clearance of amino acids becomes insufficient, resulting 
in encephalopathy and inability to secrete proteins ade- 
quately.” Cirrhotic patients who survived surgical pro- 
cedures had high preoperative CPCR-AA values of 220 
+ 26 ml/M2/min. In those who died after operation, usu- 
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ally of infection, CPCR-AA was 97 + 16 ml/M?/min. 
Furthermore, the in vitro hepatic protein synthetic rate 
in liver biopsies correlated well with the measured CPCR- 
AA (r = 0.73, p < 0.01).’ 

Application of CPCR-AA to assessment of preoperative 
patients selected for liver transplantation revealed the 
amino acid concentration to be slightly elevated to 2980 
+ 250 uM/L, but the mean CPCR-AA was only 91 + 9 
ml/M?/min. In Figure 2, the values for this group of pa- 
tients are compared with data previously obtained from 
cirrhotic surgical patients who underwent other proce- 
dures. In every respect, blood amino acid concentrations, 
peripheral amino acid release rate, and CPCR-AA of these 
patients do not differ from those of the cirrhotics who 
died after surgery. By these criteria, any of the patients 
selected for transplant would have had a high probability 
of dying. This concept is supported by the high mortality 
rate of patients who were studied but not accepted for 
transplant. 

Since the preoperative CPCR-AA measurements in the 
transplant group also correlated with the in vitro hepatic 
protein synthetic rates (r = 0.72, p < 0.02), CPCR-AA as 
a method for defining deficiencies of hepatocyte function 
and protein synthesis becomes valuable in the selection 
of patients for hepatic transplantation. 

The results presented in Table 3 and Figure 4 clearly 
demonstrate a significant postoperative relationship be- 
tween the degree of histological damage to the transplanted 
liver and the CPCR-AA. Furthermore, there is an inverse 
correlation of CPCR-AA and prothrombin time, which 
represents the availability of those clotting factors, pre- 
dominantly produced in the liver (Fig. 6). However, de- 
terminations of the arterial and femoral vein blood plasma 
concentrations of amino acids required for calculation of 
CPCR-AA is time consuming. For this reason, urgent de- 
cisions must be based on conventional clinical criteria. 
The two most important uses for CPCR-AA after oper- 
ation include the ability to define the state of amino acid 
metabolism and, by inference, protein synthesis after 
transplantation as follows: 

First, patterns of response can be established by serial 
CPCR-AA observations, which have an important prog- 
nostic value. Early responders, shown in Figure 5, who 
within 2 days had high CPCR-AA values to almost 300 
ml/M?/min, all survived to be discharged with minimal 
complications. These are the patients with easily con- 
trolled infections, whose intensive care time was brief and 
whose hospital stay averaged 6 weeks. The metabolic re- 
sponse of this group resembles the behavior of cirrhotics 
who survived other surgical procedures and who had mean 
CPCR-AA values of 212 + 24 ml/M?’/min.’ In short, they 
were synthesizing the proteins required for healing and 
control of infection. By contrast, those who failed to de-. 
velop CPCR-AA values near 200 ml/M?/min after trans- ™ 
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plantation either did so at a later date with a protracted 
hospital course or died within 6 weeks of overwhelming 
infection. Of this group, five required retransplantation; 
there was but one survivor. 

A second use is illustrated by one patient who had a 
successful transplantation with only Grade H histological 
abnormalities but compromised metabolic function, as 
demonstrated by a decreased CPCR-AA of only 122 ml/ 
M?/min. Ultrasound examination of the abdomen re- 
vealed thrombosis of the portal vein. Within | day after 
portal flow was re-established by thrombectomy, the 
CPCR-AA rose to 343 ml/M?/min. Subsequently, the pa- 
tient recovered. Another example was a patient with pro- 
gressively rising bilirubin concentrations who was febrile 
and exhibited swollen hepatocytes in the liver biopsy. The 
differential diagnosis lay between an intraperitoneal in- 
fection and hepatic failure from rejection. However, 
CPCR-AA was found to be 502 ml/M?/min. An infected 
hematoma was removed with excellent early recovery. 

Liver function tests, with the exception of bilirubin and 
prothrombin time, have proven to be relatively inexact 
in defining the state of the liver. The enzymes rise follow- 
ing hypoxic injury or during acute rejection, but com- 
monly fall when the liver is “dead.” Serum bilirubin is 
prone to be elevated for 1-2 weeks in all patients despite 
output of bile from the T-tube. Only in severe injury, 
Grade IV, shown 1n Table 3, does the bilirubin rise to 
very high levels, differentiating the patient with severe 
liver injury. Prothrombin time reflects hepatic protein 
synthesis of clotting factors and appears to be a useful 
marker of transplant damage that correlates inversely with 
CPCR-AA (Fig. 6). 

In summary, survival from hepatic transplantation is 
dependent on adequate function of the donor liver within 
the recipient. Biopsies of the liver can reveal histologic 
abnormalities of varying grades but fail to quantitate the 
accompanying metabolic abnormalities. Of the numerous 
important metabolic functions of the liver-——secretion of 
bile, gluconeogenesis, degradation of toxic and other 
compounds, and utilization of amino acids for protein 
synthesis—the latter appears to be the easiest to measure 
quantitatively in the clinical setting. For this purpose, 
CPCR-AA was devised and correlates with hepatic protein 
synthesis measured in vitro. Other commonly available 


clinical tests give only indirect evidence of liver destruction ` 


or dysfunction by blood concentrations of various sub- 
stances. With the occasional exception of bilirubin and 
prothrombin time, none was found to reflect either liver 
function or the extent of injury. Thus, percutaneous nee- 
dle biopsies and CPCR-AA in combination have proven 
value, not only in understanding the nature of injury and 
functional impairment of the transplanted liver, but also 
in guiding the selection of patients and deciding the course 
of postoperative management. 
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DISCUSSION 


Dr. C. Witte (Tucson, Arizona): One thing I have long been curious 
about is the latent potential of the diseased liver to synthesize protein, 
Many years ago Dr. Marcus Rothschild in New York examined “cir- 
rhotic“ patients with massive ascites and discovered surprisingly that the 
vast majority had no deficiency in synthesizing albumin, particularly 
when nutritional replacement was provided (Rothschild MA, Oratz M, 
Zimmon D, et al. JCI 1969; 48:344). This finding is clearly at variance 
with what is commonly believed. Moreover, calculation of the total body 
albumin content, ie., the combined amount in the ascitic fluid, inter- 
stitium, and plasma compartments, discloses a greater than normal total 
body albumin in these patients, further suggesting that a “sick” liver 
may retain its capacity to synthesize albumin. Perhaps hypoalbuminemia 
in this situation is a dilutional phenomenon from plasma volume ex- 
pansion due to renal salt and water retention or to an abnormal redis- 
tribution of extracellular fluid and protein. Whereas use of the serum 
albumin level as an indicator of hepatocellular reserve is probably valid, 
it is puzzling that in many patients with advanced liver disease such as 
cirrhosis it is difficult to document that albumin synthesis 1s indeed de- 
fective. 


Dr. JOHN R. BORDER (Buffalo, New York): I think this 1s a very 
interesting paper. | would suggest, however, that placing complete em- 
phasis on the liver is incorrect. CPCR is measuring not just the liver but 
also the gut and the immune system and all sorts of other things together. 
These results make perfect sense in terms of gut/liver protein malnutrition 
and gut/liver re-establishment, but it is the gut and the liver together 
that is important. 

I would ask what the authors were doing with amino acid adminis- 
tration while they were making these measurements, and what route 
they were administering them through, and how that might affect these 
measurements. 


Dr. ROGER JENKINS (Closing discussion): Dr. Witte, Pm not sure 
how to appropriately address your remarks about albumin synthesis in 
patients who have liver dysfunction of this nature but will say only that 
the patient population we are dealing with who undergo liver transplan- 
tation are indeed in the final stages, and we rarely transplant individuals 
who have adequate preservation of protein synthetic ability. Many of 
the patients we are referred now for transplantation are not quite ill 
enough in this respect. They certainly have evidence of adequate albumin 
synthesis, but this may not be a good indicator of hepatic reserve. 

Dr. Border, with respect to the usefulness of the CPCR and the im- 
portance of the gut, I am going to invite Dr. Clowes to address that issue, 
as it has come up many times in the past. I will say, however, that the 
CPCR has allowed us to modify the protein infusions of patients following 
transplantation to a major degree. It is possible to look at the amino 
acid clearance rates, and, if individuals have markedly depressed amino 
acid clearance rates following transplantation, we know that they will 
not tolerate elevated levels of amino acid infusion by total parenteral 
nutrition, and we can hold back on increased amino acid support. 

We do indeed prefer using the gut: but, as clinicians involved in liver 
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transplantation realize the rejection process leads to a gut dysfunction 
that impairs the ability to absorb amino acids and other nutrients en- 
terally. 

As a result of the amino acid clearance profile, we can now look at | 
recipients who we think may not be doing well with elevated bilirubins — 
and decide that yes, indeed, they are able to process amino acids well, 
and we should push the protein infusions that much higher to maximize 
nutritional support. 


Dr, GEORGE H. A. CLOWES (Closing discussion): In reply to the ques- 
tions, | mention to Dr. Witte that the usual cirrhotic or other patient 
who is suffering from end stage liver failure resembles in many respects 
the septic patient. Provided they have hepatocyte ability left, they tend 
to be making the acute phase proteins rather than albumin. They actually 
have high levels of PIF, and one can understand why they respond in 
this fashion. Unfortunately, I think that albumin is a very poor measure 
of the function of the liver. Albumin synthesis is suppressed in the acute 
phase response. Also, many patients have been treated with albumin 
before we ever see them, which confuses the issue. 

In regard to Dr. Border’s question, he has put his finger right on the 
problem. The patient with liver failure is unable to respond properly to 
trauma or infection unless he has hepatocyte function left, and that ts 
what Dr. Jenkins just showed you in comparing the older series, which 


was published in 1984 in Surgery. What it showed was that the total use ~~ 


of amino acids by the visceral tissue, which includes the spleen, the bone 
marrow, the lymph nodes, and the wound itself, is regulated really by 
the liver; if the liver is not functioning for reasons we do not fully un- 
derstand, the proteins required for survival, namely, the immunoglobulins 
and everything else that goes with an immunologically competent system, 
are produced in insufficient quantities. Part of the problem in induction 
of multisystem organ failure is wastage of the GI tract mucosa. Actually, 
amino acids are contributed by the GI tract to the net pool during any 
stress situation in which enteric feeding is absent. We have no way of 
measuring that; thus, the GI contribution is a negative value in what we 
call central plasma clearance (CPCR-AA). 

With regard to administration of amino acids, in our series of patients, 
it has been done almost entirely in the early postoperative phase by the 
parenteral route; and, as Dr. Jenkins mentioned, the clearance of amino 
acids enables us to give them as much as they can use. 

I think the final question Dr. Border posed was: What happens if you 
put amino acids into the pool by the parenteral route? Last fall we pre- 
sented a small paper at the Forum that addressed this issue. In liver 
failure and in septic patients, if you compare the central plasma clearance 
rate in the fasting state with that in the infused state, the central clearance 
rises slightly. However, in patients destined to die, it never reaches the 
level that survivors are expected to have. Therefore, the comparison of 
survivals and deaths with other forms of surgery remains valid as it enters 
into our calculation of CPCR-AA., 

We very much appreciate the opportunity of presenting these results 
correlating mortality, CPCR-AA, and histology. We hope that the people 
here will use CPCR-AA not just in liver transplantation but as a liver 
function test and a means for prognosis based on the protein synthetic 
mechanism in people who are seriously ill. 


Ban the pan 





...IN severe post-op N&V 


Compazin 


brand of 


prochiorperazine 
Available in 25 mg. suppositories, too. 


Do not use ‘Compazine’ in pediatric surgery. 





in 5 mg./ml. 





©SmithKline Beckman Corporation 1985 See brief summary of prescribing information on adjacent pac 


The antiemetic 
physicians 
prescribe most* 


COMPAZINE" 


be yo {f 
EH and OF 


prochliorperazine 


See complete prescribing information in SK&F literature or PDA. The following isä 
brief summary. 

indications: For contro! af severe nausea and vomiting 

Contraindications: Comatose or greatly depressed states due lo C N S depressants, 
pediatric surgery, use in chiidren under 2 years of age or under 20 ibs | use m chidren 
for conditions for which dosage has not been established 

Warnings: The extrapyramidal symptoms which can occur secondary to ‘Compazine 
may be confused with the central nervous system signs of an undiagnosed primary 
disease responsible for the vomiting, e.g, Reye's syndrome or other encephalopathy. 
The use of ‘Compazine’ and other potential hepatotoxins should be avoided in children 
and adolescents whose signs and symptoms suggest Reye's syndrome. 

May cause tardive dyskinesia in some patents on neuroleptic fantosychotic) therapy 
usually long-term. This syndrome consists of potentially irreversible involuntary Gyskinetic 
movements. The rsk of tardive dyskinesia and likelihood of irreversitnity are thought 
related to duration of treatment and total cumulabve dose of neuroleptic arugs 


Use m patients with bone marrow depression oniy when polenta: benelits outweigh 

risks. Patients who develop a hypersensitivity reaction te g . blood dyscragias OF jaundice) 
toa phenothiazine generally should not be reexposed to any phencihiazine Caution 
patients about activities requiring alertness (e.g. operating vehicles or machinery), 
aspecialiy during the first few days therapy. Prochiorperazine may miensiy ar prolong ine 
action of other C.N.S depressants 

Use in pregnancy is not recommended excephin Cases SO serous aod intractabie thal, 

in the physician's judgment, drug infervention iS required and potential benents Gubweigh 
possible hazards. There have been instances of prolonged jaundice, extrapyramida: 
signs. hyperreliexia or hyporeflexia in newborn infants whose mothers received 
phenothiazines. There is evidence that phenothiazines are excreted in (he oreast milk oF 
nursing mothers 

Precautions: The antiemetic action of Compazine’ may mask the signs and symptoms ol 
overdosage of oiher drugs and may obscure the Giagnosis ano treatment of other 
conditions such as intestinal obstruction, brain tumor and Reyes syndrome {See 
Warnings). Postoperative aspiration of vomitus has occurred in a tew surgical patients 
who receved prochtorperazine as an antiemetic. When used concomitantly with cancer 
chemotherapeutic drugs. may obscure vorniting as a sign of these agents toxicity Deep 
sleep and cama have been reported wilh prochiorberazine, usuiany with overdosage. 
Neuroleptic drugs cause elevated prolacnn levels that persist during chranic admunstraon 
Since aporaximaiely one-third of human breast cancers are prolactin ‘dependent in wits, 
this elevation is of potential importance if neuroleptic drug admin:stration is coniem plated 
ma patient with a previously detected breast cancer Neither clinica nor epidemigioge 
studies fo date. however, have shown an association between the chronic admimistrahon 
of neuroleptic drugs and mammary tumongenesis 

Permanently slop neuralaotc therapy f neuromuscular reaChons oCCur Pregn 
women or in chidren 

in children with acute ilinesses or dehydration, use only under close supervision. 
Avoid high doses and parenteral administration when cardigvascuiar system is impared 
since hypotension has occurred Use cautiously in patients wih Glaucoma List with cau 
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panes may interfere 
with thermoregulatory mechanisms Phenothazines can dirrucish the effect of oral ante 
coaguiants Phenotmazines can produce aipha-adrenergic DlOCKace Thiazide diuretics 
may accentuate orthostatic hypotension that may occur with ohenatrragines. Antihyper: 
transive effects of guanethidine and related compounds may be sourieracted when 
phenothiazines are used concomiantly Concomitant acimunisteaton of phenothiazines 
with propranolol results in increased plasma levels of both drugs and may also precipitate 
phenytoin toxicity Phenothiazines may lower the convulsive threshoid, dosage achusimerds 
of anticonvulsants may be necessary. Presence of phenothiazines may produce false 
positive phenylketonuna (PKU) test results. Patients should mo receve Compazine 4B 
hours before or 24 hours alter myelography with the contrast medium metrizamide 
Adverse Reactions: Drowsiness. dizziness, amenorrhea, blurred vision. Skin reachons 
Hypotension Cholestatc jaundice, leukopenia, agranulocytosis Fatty changes in the iver 
have been observed in a few patients who died while receiving ihe drug (no Causal 
reaiationshic has been established) Neuromuscular [extrapyramidal reactions. motos 
restlessness, dysionias, pseudo parkinsonism, tardive dyskinesia, and a varant. targe 
dystonia. Contact derrnaiitis is a possibility f Compazine Imacion i ggiutonj inadvertenty 
gets on hands or clothing 

Other adverse reactions reported with ‘Compazine’ or other phenothiazines: Sore 
aciverse effects are more frequent or intense in specific disorders (e g. severe hypater- 
sion in mitral insufficiency or pheachromocyloma). Grand mai and petit mai COMVUISIONS, 
altered cerebrospinal fluid proteins: cerebral edema: prolongation and intensification of 
ihe action of CNS depressants. atropine. heat and organop! Ors iInsechodes. 
dryness of mouth, nasal congestion, headache, nausea, cans on, obs paN. 
agynamic ileus. ejaculatory disorders/mpotence, priapism, alonic colon, urinary 
retertion. miosis and mydriasis: reactivation of psychotic processes. calatonic-like states, 
hypotension (somebmes fatal). cardiac arrest. pancytopenia. yroynbocytopenc purpura, 
eosinophilia, hemolytic anemia, aplastc anemia. billary stasis. hyperglycemia, nypagly- 
cemia, glycosuria, lactation, galactorrhea, gynecomastia, Menstrual hrequiarites. iaise 
positive pregnancy tasis: photosensitivity chung. erythema. ù nigara, eczema up fo 
axlollative dermatins. asthma, laryngeal edema. angioneurots edema, anaphvlacknd 
reactions. penpheral edema: reversed epinephrine effect. hyperpyrexia, mild fever after 
large LM. doses, increased appetite: increased weight a systemic lupus eryihemiatosus- 
ike syndrome: pigmentary retinopathy: neuroleptic malignant syncrome, which may be 
fatal. with prolonged administration of substantial doses. skin cxqrmantanon, epithelial 
keratopathy and lenticular and corneal deposits. 

EKG changes have bean reported Discontinue long-terrn. ragh-cose therapy gradually. 
Note: Sudden death in patients taking phenothiazines (apparently due to cardiac arrest or 
asphyxia due to failure of cough reflex} has been reported. 

Supplied: Tablets —5, 10 and 25 mg., in bottles of 100; Spansuie” capsules— 10, 15 
and 30 mg., in bottles of 50; Injection—5 mg./ml. in 2 mi. amputs, 10 mi. vials and 

2 mi. disposable syringes; Suppositories — 2%, 5 and 25 mg; Syrup--5 mg./5 mi. 
Single Unit Packages of 100 (intended for institutional use only}--5 and 10 mg. tablets: 
10, 15 and 30 mg. ‘Spansule’ capsules. 
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Be prepared, Doctor. More patients 
will be asking about colorectal cancer. 
According to a survey* conducted by the 
American Cancer Society, many people 
would like to receive more information 
about colorectal cancer, and 83% said 
they would want to be checked for it. 
Further, they are learning that this cancer 
can be detected before symptoms appear. 
The present cure rate is 44%. The cure 
rate could be as high as 75%, with early 
detection and appropriate management. 

For asymptomatic persons the Society 
recommends annual digital rectal exam- 
ination at age 40 and over; at age 50 and 
over, an annual stool blood test, as well as 
sigmoidoscopy every three to five years, 
following two initial annual negative 
sigmoidoscopies. 

We're here to help. You can reach us at 
your local American Cancer Society office 
or write to our Professional Education 
Department at National Headquarters, 

90 Park Avenue, New York, NY. 10016. 
Ask about the Society's Colorectal Check 
program of professional and public 
education for the early detection of 
colorectal cancer. 


AMERICAN 
57 CANCER 
7 SOCIETY” 


*“Cancer of the Colon and Rectum: Summary of Public 
Attitude Survey,” Ca 33:359-365, 1983 (Nov.-Dec. }. 
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The ‘Monocid’ Advantage... 


Jomparative Mean Serum Concentrations* in Normal 
Volunteers After a Single 1-Gram IV Dose! 
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Serum Levels (meg./ml.) (Log Scale) 
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Confidence in Surgical Prophylaxis“ 


* Serum concentrations do not represent, nor are they intended to suggest, relative clinical efficacy. 
FMefoxin” is cefoxitin/MSD; Mandol” is cefamandole/Lilly; Ancef“ is cefazolin/SK&F; Kefzol” is cefazolin/Lilly. 
+ +For appropriate procedures, and for a listing of susceptible organisms, see Indications and Usage section of the brief summary of 
‘Monocid’ prescribing information on the last page of this advertisement. 
1. Data on file at Smith Kline &French Laboratories (available on request). 
2. Bergan T: Comparative pharmacokinetics of cefazolin, cephalothin, cephacetril, and cephapirine after intravenous administration. Chemotherapy 38:389-404, 1977. 
"3. Griffith R, et al.: Cefamandole: in vitro and clinical pharmacokinetics. Antimicrob Agents Chemother 10:814-823, 1976. 
™. Sonneville PF, et al.: Comparative clinical pharmacology of intravenous cefoxitin and cephalothin. Eur J Clin Pharmacol 9:397-403, 1976. 
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24-Hr Coveragetn A Single Dose 


Consistently high ¢linical'suecess* with a single 
prophylactic-dose 


Horma prolonged.serum and tissue levels 
Sustained antimicrobial coverage 


» Extended ‘protection even: whersurgery is 
lengthy or-delayed 


_ Significant cost savings 


* Clinical signs and symptoms of infection did not develop 
at the operative site. (Prior to colorectal procedures 
patients received a nonabsorbable antibiotic bowel preparation.) 
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Single-Dose/Broad-Spectrum 





pand of serie 


cefonicid sodium 


lyophilized) 


Before prescribing, see complete prescribing information in SK&F literature or 
PDR. The following is a brief summary. 


INDICATIONS AND USAGE 

Monocid {sterile cefonicid sodium, SKA-F) is indicated in the treatment of infections 

due to susceptibie strains of the microorganisms listed below: 

LOWER RESPIRATORY TRACT INFECTIONS, due to Streptococcus pneumoniae 

(formerly D. pneumoniae), Klebsiella pneumoniae; Escherichia colt, and Hemophilus 

influenzae (ampicillin-resistant and ampicillin-sensitive)}. 

URINARY TRACT INFECTIONS, due to Escherichia coli, Proteus mirabilis (ndele- 

negative Proteus), and Klebstella pneumoniae. 

SKIN AND SKIN STRUCTURE INFECTIONS, due to Staphylococcus aureus and S. 

epidermidis: Streptococcus pyogenes (Group A Streptococcus) and S. agalactiae (Group B 

Streptococcus}, 

SEPTICEMIA, due to Streptococcus pneumoniae (formerly D. pneumoniae} and 

Escherichia coli, 

BONE AND JOINT INFECTIONS, due to Staphylococcus aureus. 

‘Therapy with ‘Menocid’ may be initiated pending results of susceptibility studies. 

‘Treatment should be adjusted according to findings. 

SURGICAL PROPHYLAXIS 

Administration of a single 1 gram dose of Monocid' before surgery may reduce the 

ancidence of postoperative infections in patients undergoing surgical procedures 

aclassified as contaminated or potentially contaminated (e.g., colorectal surgery 

waginal hysterectomy, or cholecystectomy in high-risk patients), or in patients in 

awhom infection at the operative site would present a serious risk (e.g., prosthetic 

arthroplasty, open heart surgery). Although cefonicid has been shown to be as 

effective as cefazolin in prevention of infection following coronary artery bypass 

asurgery, no placebo-controlled trials have been conducted to evaluate any cephalosporin 

santibiotic in the prevention of infection following coronary artery bypass surgery or 

prosthetic heart valve replacement. 

Mn cesarean section, the use of ‘Monocid’ (after the umbilical cord has been clamped} 

may reduce the incidence of certain postoperative infections. 

When administered one hour prior fo surgical procedures for which it is indicated, 

a single 1 gram dose of ‘Monocid’ provides protection from most infections due to 

«susceptible organisms throughout the course of the procedure and for approximately 

“24 hours after administration. Intraoperative and postoperative administrationol 
Monocid’ is not necessary Daily doses of Monocid’ may be administered for twa 

additional days in patients undergoing prosthetic arthroplasty or open heart surgery. 
3efore using ‘Monocid’ concomitantly with other antibiotics, the prescribing 
nformation for those agents should be reviewed for contraindications, warnings. 
jrecautions and adverse reactions. Renal function should be carefully monitored. 

_-ONTRAINDICATIONS 

= Monocid' is contraindicated in persons who have shown hypersensitivity to 

“rephalosporin antibiotics. 

oNARNINGS 

3EFORE THERAPY WITH ‘MONOCID' IS INSTITUTED, CAREFUL INQUIRY 

SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD 

“OREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, 

OENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN 
SAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS, ANTIBIOTICS 

OULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 

EMONSTRATED SOME FORM OF ALLERGY. PARTICULARLY TO DRUGS. 

SRIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE 

AINEPHRINE AND OTHER EMERGENCY MEASURES. 


Iseudomembranous colitis has been reported with the use of cephalosporins (and 
gather broad-spectrum antibiotics): therefore, it is important to consider that diagnosis 
o 4 patients who develop diarrhea in association with antibiotic use. 

< eatment with broad-spectrum antibiotics alters normal flora of the colon and 

n lay permit overgrowth of Clostridia. Studies indicate a toxin produced by Clostridium 
afficile is one primary cause of antibiotic-associated colitis. Cholestyramine and 
lestipol resins have been shown to bind the toxin in viro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe 
ses should be managed with fuid, electrolyte and protein supplementation as 
dicated. When the colitis is not relieved by drug discontinuance and when it is 
severe, oral vancomycin is the treatment of choice for antibiotic-associated 
eudomembranous colitis produced by C. difficile. Other causes of colitis should 
Aso be considered. 


RECAUTIONS 

eneral: With any antibiotic, prolonged use may result in overgrowth of 
aonsusceptible organisms. Careful observation is essential, and appropriate 
measures should be taken if superinfection occurs. 
rug Interactions: Nephrotoxicity has been reported following concomitant 
-.dministration of other cephalosporins and aminoglycosides. 
regnancy: (Category B.) Reproduction studies have been performed in mice, rabbits 
id rats at doses up to an equivalent of 40 times the usual adult human dose 
id have revealed ne evidence of impaired fertility or harm to the fetus due to 
onocid’. There are, however, no adequate and well-controlled studies in pregnant 
men. Because animal reproduction studies are not always predictive of human 
sponse, this drug should be used in pregnancy only if clearly needed. 
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Labor and Delivery: In cesarean section, 'Monocid' should be administered only 
after the umbilical cord has been clamped. 


Nursing Mothers: Monocid’ is excreted in human milk in low concentrations. 
Caution should be exercised when ‘Monocid' is administered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children have not been established. 


Beta-lactam antibiotics with methyl-thio-tetrazole side chains have been shown to 
cause testicular atrophy in prepubertal rats, which persisted into adulthood and 
resulted in decreased spermatagenesis and decreased fertility. Cefonicid, which 
contains a methylsulfonic-thio-tetrazole moiety, has no adverse effect on the male 
reproductive system of prepubertal, juvenile or adult rats when given under identical 
conditions, 

ADVERSE REACTIONS 

‘Monocid’ is generally well tolerated and adverse reactions have occurred infrequently. 
The most common adverse reaction has been pain on LM. injection. On-therapy 
conditions occurring in greater than 1% of ‘Monocid’-treated patients were: 


Injection Site Phenomena (5.7%): Pain and/or discomfort on injection; less often, 
burning, phlebitis at LV. site, 

Increased Platelets (1.7%). 

Increased Eosinophils ( 2.9%}. 

Liver Function Test Alterations {1,6%): Increased alkaline phosphatase, increased 
SGOT increased SGPT. increased GGTP, increased LDH. 


Less frequent on-therapy conditions occurring in less than 1% of ‘Monocid'-treated 
patients were: 
Hypersensitivity Reactions: Fever, rash, pruritus, erythema, myalgia and 
anaphylactoid-type reactions have been reported. 
Hematology: Decreased WBC, neutropenia, thrombocytopenia, positive Coombs’ 
test. 
Diarrhea. 


DOSAGE AND ADMINISTRATION 
General 
The usual adult dosage is 1 gram of ‘Monocid' given once every 24 hours, intra- 
venously or by deep intramuscular injection. Doses in excess of 1 gram daily are 
rarely necessary; however, in exceptional cases dosage of up to 2 grams given 
once daily have been well tolerated. When administering 2 gram I.M. doses once 
daily, one-half the dose should be administered in different large muscle masses. 
Surgical Prophylaxis 
When administered one hour prior to appropriate surgical procedures (see Indications 
and Usage), a 1 gram dose of ‘Monocid’ provides protection from most infections due 
to susceptible organisms throughout the course of the procedure and for 
approximately 24 hours after administration. Intraoperative and postoperative 
administration of ‘Monocid’ is not necessary. Daily doses of ‘Monocid’ may be 
administered for two additional days in patients undergoing prosthetic arthroplasty 
or open heart surgery. 
In cesarean section ‘Monocid’ should be administered only after the umbilical cord has 
been clamped. 

Genera! Guidelines for Dosage of ‘Monocid’, I.V. or I.M. 


Type of Daily Dose 





Infection a {grams} Frequency 

Uncomplicated Urinary Tract 05 once every 24 hours 
Mild to Moderate ecw, once every 24 hours 
Severe or Life-Threatening < <  ž 2“ once every 24 hours 
Surgical Prophylaxis 1 l hour preoperatively 


’ When administering 2 gram LM. doses ance daily, one-half the dose should be administered in 
different large muscle masses. 

Impaired Renal Function 

Modification of ‘Monocid’ dosage is necessary in patients with impaired renal 

function. Before prescribing, consult Dosage and Administration section of complete 

prescribing information. 

HOW SUPPLIED 

‘Monocid’ is supplied in vials equivalent to 500 mg. and 1 gram of cefonicid: in 

“Piggyback” Vials for LV. admixture equivalent to 1 gram of cefonicid; and in 

Pharmacy Bulk Vials equivalent te 10 grams of cefomicid. 
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Ileal Pouch—Anal Anastomosis 


A Single Surgeon’s Experience with 100 Consecutive Cases ` 





JAMES M. BECKER, M.D. 


Between August 1982 and November 1985, 100 patients under- 
went ileal “J” pouch—anal anastomosis (IPAA) at the University 


. / of Utah. All operations were performed in a standard fashion 


by a single surgeon. Seventy-eight patients were operated on for 
chronic ulcerative colitis and 22 for familial polyposis coli. Sixty 
of the patients were male and 40 were female with a mean age 
of 33.2 years and a range of 11-63 years. Mean + SEM operating 
time was 5.9 + 0.4 hours, blood loss was 666 + 49 ml, and total 
hospitalization was 10.1 + 0.3 days. No operative deaths oc- 
curred. The overall operative morbidity was 13% after IPAA. 
Clinical “pouchitis” was observed in 18 patients, all of whom 
were operated on for chronic ulcerative colitis. No patients had 
frank incontinence. Twenty per cent of patients experienced fre- 
quent nocturnal leakage in the early postoperative period with 
a significant improvement over the ensuing 6 months. Stool fre- 
quency at 1, 3, 6, 12, and 24 months was 7.5 + 0.2, 6.5 + 0.1, 
6.2 + 0.3, 5.4 + 0.1, and 5.4 + 0.2, respectively. Stool frequency 
at 12 months correlated inversely with ileal pouch capacity and 
the diagnosis of familial polyposis. It is conchuded that ileal 
pouch—anal anastomosis is a safe and effective operation for pa- 
tients with chronic ulcerative colitis and familial polyposis coli. 


HRONIC ULCERATIVE COLITIS, Gardner’s syn- 
drome, and familial polyposis have until recently 
required total proctocolectomy and permanent 

ileostomy for definitive treatment, An operation involving 
colectomy, mucosal proctectomy, and endorectal ileoanal 
anastomosis has become a major surgical alternative. As 
first described by Ravitch and Sabiston in 1947,' the op- 
eration resulted in removal of all disease-bearing mucosa 
of the colon and rectum, avoided a permanent abdominal 
stoma, and preserved intestinal continuity. As initially 
proposed, the operation was performed by first removing 
the colon in a standard fashion. Rather than removing 
the entire rectum and anus, they dissected free and re- 
sected the disease-bearing mucosa of the rectum, preserv- 
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ing an intact rectal muscular cuff and anal sphincter 
mechanism. Continuity of the intestinal tract was re-es- 
tablished by extending the terminal ileum down into the 
pelvis within the rectal muscular tube and circumferen- 
tially suturing it to the anus. Early results with this op- 
eration were encouraging, although the end-to-end il- 
eoanal anastomosis was often associated with high stool 
frequency and fecal incontinence, particularly in the early 
postoperative period.” 

Several studies have demonstrated that the addition of 
an ileal pouch to the operation provides patients with 
increased ileal storage capacity, decreased stool frequency, 
and increased patient satisfaction.” Several types of 
pouches have been constructed. The three-loop “S” pouch 
creates a somewhat larger reservoir, but spontaneous de- 
fecation and pouch evacuation are incomplete in 40-50% 
of patients.*” The lateral isoperistaltic ileal reservoir de- 
scribed by Fonkalsrud has been used primarily in chil- 
dren.* Utsunomiya’ described the two-loop “J” pouch, 
which is attractive because of its relative simplicity and 
its preservation of spontaneous: and complete evacua- 
tion.!° Controversy exists as to which techniques of mu- ` 
cosal dissection and pouch construction result in the low- 
est operative morbidity and optimum functional result. 
Results from the large series reported to date have been 
difficult to interpret because of the variability in technique 
within a single institution where several surgeons may be 
performing the operation. In addition, the data collection 
has been largely retrospective and, in many cases, incon- 
sistent. We report here a large series of patients undergoing 
ileal pouch—anal anastomosis at the University of Utah 
Medical Center where all operations were performed in 
a standard fashion by a single surgeon. 

The aims of this study, therefore, were to assess the 
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operative and functional outcome in 100 consecutive pa- 
tients undergoing mucosal proctectomy with ileal “J” 


pouch-anal anastomosis, with all patients followed pro- ' 


spectively and systematically. In addition, our aim was 
statistically to define major determinants of functional 
success in this group of patients. 


Patients and Methods 


Between August 1982 and November 1985, 100 pa- 
tients underwent ileal pouch—anal anastomosis at the 
University of Utah Medical Center. Seventy-eight of the 
patients were operated on for chronic ulcerative colitis 
and 22 for familial polyposis coli or Gardner’s syndrome. 
Sixty of the patients were male and 40 were female, with 
a mean age of 33.2 years and a range of 11-63 years. In 
all of the patients, the diagnosis was confirmed and the 
status of the rectal mucosa assessed by flexible sigmoid- 
oscopy. All patients underwent anorectal manometry us- 
ing a perfused catheter manometric system, which we have 
previously described.!! 

The initial operation in 78 of the patients included ab- 
dominal colectomy, mucosal proctectomy, endorectal 
ileal pouch~anal anastomosis, and temporary loop ile- 
ostomy. After colectomy, rectal mucosal dissection was 
begun via a circumferential myotomy at the pelvic peri- 
toneal reflection and continued distally to the level of.the 
levator ani sling. A 15 cm ileal J pouch was constructed 
by folding terminal ileum back on to itself and then anas- 
tomosing the 15 cm limbs together side-to-side in two 
layers. The patient was then placed in a lithotomy posi- 
tion, the rectal mucosal cuff everted, and the mucosal 
dissection continued from the pectinate line. The ileal 
pouch was extended into the pelvis endorectally and its 
apex opened and sutured circumferentially to the pectin- 
ate line. Finally, a diverting loop ileostomy was con- 
structed 40 cm proximal to the pouch. Twenty-two of the 
patients had undergone previous abdominal colectomy 
with ileorectal anastomosis (8 patients) or ileostomy and 
Hartmann closure of the rectum (14 patients). 

The first 40 patients received a preoperative broad 
spectrum antibiotic (cefoxitin), which was continued for 
5 postoperative days. The next 40 patients were enrolled 
in a prospective randomized double-blind study in which 
they received either a three-dose perioperative course of 
antibiotics or the perioperative plus 5-day course described 
above. The final 20 patients were managed with a three- 
dose perioperative course of cefoxitin. 

At 4 weeks after the initial operation, standardized ra- 
diographic studies were performed to assess continence 
and integrity of the ileal pouch and ileoanal anastomosis. ! 
At 8 weeks after ileoanal anastomosis, anal manometry 
was repeated and ileal pouch capacity measured.!? The 
ileostomy was closed using a technique we have previously 
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reported.!* Loperamide hydrochloride, a synthetic opioid 
agent, was prescribed for all patients immediately after 
ileostomy closure. Psyllium mucilloid and a high fiber 
diet were begun 2 weeks later. Anal manometry and mea- 
surement of ileal pouch capacity were repeated at 1 year 
after ileostomy closure. 

Intestinal continuity was re-established in all 100 pa- 
tients, and, of these, all 100 were available for follow-up 
at least 1 month after ileostomy closure. Operating time, 
blood loss, and total hospitalization were recorded. Post- 
operative morbidity was assessed after both ileal pouch- 
anal anastomosis and loop ileostomy closure. Stool fre- 
quency, level of continence, use of loperamide and psyl- 
lium, sexual function, and the presence or absence of 
pouchitis were recorded by a clinical research coordinator 
at follow-up visits at 1 month, 3 months, 6 months, 1 
year, and 2 years after loop ileostomy closure. When pa- 
tients were unable to be seen in clinic, they were contacted 
by telephone. Stool frequency was recorded as a 24-hour 
and nocturnal mean. 

Patients were excluded from the stool frequency data 
for the reasons listed below. Two patients manifested 
clinical evidence of Crohn’s disease and were excluded 
from follow-up stool statistics. One female patient had 
progressive sclerosing cholangitis and liver failure. Two 
patients became pregnant; therefore, their stool frequen- 
cies were excluded during the pregnancy. One patient had 
a temporary loop ileostomy re-established. Four patients 
had ileal pouch mucosal bridges diagnosed endoscopically 
and treated by laser. Their stool frequencies were not in- 
cluded until after laser treatment. Eighteen patients have 
had pouchitis and were excluded from follow-up statistics 
only during exacerbations of their pouchitis. 

The presence or absence of gross incontinence was re- 
corded. Nocturnal leakage of stool was scored as: never— 
0 episodes/week, seldom—fewer than 1 episode/week, 
occasional—1-—2 episodes/week, and frequent—more 
than 2 episodes/week. 

Pouchitis has been observed in patients after continent 
ileostomy or ileoanal anastomosis.!*-!” It is a clinical syn- 
drome that includes high stool frequency, watery stools, 
hematochezia, urgency without defecation, nocturnal 
leakage, and, in some.cases, abdominal cramping, malaise, 
and fever. In this study, pouchitis was defined as more 
than one episode of the above syndrome lasting at least 
7 days and requiring metronidazole treatment. 

Data were collected in a prospective fashion and man- 
aged with a dBase II (Ashton-Tate, Culver City, CA) com- 
puter program. Determinants of stool frequency at 1 year 
after operation were ranked by stepwise regression analysis 
and statistical significance determined by grouped T-test. 
Significant variables were then further evaluated by mul- 
tiple regression analysis. 
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Results 
Immediate Postoperative Results 
The overall mean + SEM operating time was 5.9 + 0.4 


hours: 5.2 + 0.1 hours for patients undergoing single stage 
colectomy, mucosal proctectomy endorectal ileal pouch- 


anal anastomosis, and loop ileostomy (N = 78) and 6.2° 


+ 0.4 hours for those who had undergone previous ab- 
dominal colectomy (N = 22). A significantly shorter op- 
erating time was recorded for patients operated on for 
familial polyposis as opposed to chronic ulcerative colitis 
(5.2 + 0.2 hours vs. 6.0 + 0.1 hours, p < 0.01). A signif- 
icant decline (p < 0.01) in operating time was observed 
over the 3.5 year period of the study (Fig. 1). Mean blood 
loss per operation was 666 + 49 ml, with 73% requiring 
no blood, 21% requiring 1-2 units of packed red blood 
cells, and 6% requiring more than two units of packed 
red blood cells. A significant (p < 0.01) decline in the 
requirement for blood transfusion was observed over the 
100-patient time period. The mean + SEM duration of 
total hospitalization was 10.1 + 0.3 days and included 
8.2 + 0.5 days after operation. The total length of hos- 
pitalization for loop ileostomy closure was 7.6 + 0.3 days. 
No significant decline in hospitalization time was observed 
(p > 0.05) during the study period. 

No postoperative deaths occurred (Fig. 2). A 47-year- 
old male patient with familial polyposis died: 14 months 
after ileal pouch—anal anastomosis of duodenal adeno- 
carcinoma (Fig. 3). 

The overall operative morbidity was 13% after ileal 
pouch-anal anastomosis (Fig. 2). No pelvic or wound in- 
fections occurred. Two patients suffered pulmonary em- 
bolus after ileal pouch--anal anastomosis, and one devel- 
oped deep venous thrombosis. Loop ileostomy closure 
was delayed by 3 months in these three patients while 
they underwent Coumadin® treatment. Coumadin was 
reinstituted for an additional 3 months after ileostomy 
closure in these patients. No recurrent thromboembolic 
events were observed. Three patients had prolonged post- 
operative ileus after ileal pouch—-anal anastomosis (>6 
days), and seven small bowel obstructions occurred, two 
of these requiring reoperation. In two patients, apparent 
leaks from the ileal pouch were demonstrated at the time 
of contrast study. In another two patients a sinus tract at 
the ileal pouch—anal anastomosis was detected. None of 
these findings was associated with clinical signs nor re- 
quired specific treatment, although ilecstomy closure was 

delayed until resolution was confirmed radiographically. 
` The overall operative morbidity was 25% after loop 
ileostomy closure (Fig. 2). Four patients had an anasto- 
motic leak at the loop ileostomy closure site, two requiring 
reoperation and two resolving with percutaneous drainage, 
T bowel rest, and total parenteral nutrition. Twelve patients 
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Fic. 1. Operative time in 100 patients who have undergone ileal pouch- 
anal anastomosis for chronic ulcerative colitis or familial polyposis over 
the 180-week study period. 


had prolonged ileus, and eight had small bowel obstruction. 
with five requiring reoperation. In one patient a delayed 
wound infection at the ileostomy site occurred. 

Late complications included ileal pouch mucosal 
bridges, which occurred in four patients and were suc- 
cessfully treated in each case by endoscopic laser appli- 
cation (Fig. 3). Two patients, late in the postoperative 
period, manifested clinical and pathologic evidence of ileal 
Crohn’s disease. One patient was successfully managed 
with steroids and Azulfidine®; the other patient, who pre- 
sented with perianal disease and an ileo-ileal fistula, re- 
quired Brooke ileostomy and Hartmann closure of the 
afferent limb of the ileal pouch. A temporary loop ileos- 
tomy was re-established at an outside institution in a pa- 
tient with psychological problems and apparently poor 
functional result. One patient with sclerosing cholangitis 
at the time of initial surgery had progressive liver failure 
and required liver transplantation. 

The most common late complication in this series was 
pouchitis (Fig. 3). As defined above, this syndrome was 
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FIG. 2. Operative complications in 100 patients who have undergone 
ileal pouch—anal anastomosis with loop ileostomy and loop ileostomy 
closure. 
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Fic. 3. Late complications in patients with chronic ulcerative colitis or 
familial polyposis who have undergone ileal pouch—anal anastomosis. 


observed in 18 patients (18%) following ileostomy closure. 
A consistent response to oral metronidazole was observed, 
although three patients had recurrent pouchitis and eight 
patients had prolonged episodes of pouchitis. A significant 
difference in the incidence of pouchitis was observed be- 
tween patients operated on for chronic ulcerative colitis 
and those for familial polyposis, with all episodes of 
pouchitis occurring in the chronic ulcerative colitis pa- 
tients (23%) and none in the polyposis patients. 

Retrograde ejaculation developed in two male patients 
(3.3%); however, no impotence was observed. One female 
patient complained of dyspareunia. Two women have be- 
come pregnant during the follow-up period. 


Functional Results 


Early functional results were evaluated in all 100 pa- 
tients in the study. Late results were recorded in eligible 
patients, as described above. All of the patients were able 
spontaneously and fully to evacuate their ileal pouch and 
thus did not require transanal pouch intubation. 

None of the patients experienced frank incontinence 
during the waking hours. Thirty-nine per cent of the pa- 
tients reported no nocturnal leakage of stool at | month 
after ileostomy closure. By 12 months, 75% of patients 
reported no nocturnal leakage (Table 1). Conversely, 20% 
of patients reported nocturnal leakage occurring more 
than two times per week at 1 month after ileostomy clo- 
sure, but by 12 months no patients experienced frequent 
nocturnal leakage. Twenty-five per cent of patients re- 


TABLE 1. Episodes per Week of Nocturnal Leakage of Stool 








Time after % of Patients 
Ileostomy Closure ea eg ae 
(Months) 0 <I l-2 >2 
l 39 19 22 20 
3 43 3 38 16 
6 52 14 31 3* 
12 15” 8 17 0* 





* Differs from | month, p < 0.001. 
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Fic, 4. Twenty-four hour and nocturnal stool frequency in patients fol- 
lowing ileal pouch—anal anastomosis and loop ileostomy closure. 


ported the occurrence of two or fewer episodes of noc- 
turnal leakage at 12 months after ileostomy closure. While 
all patients were placed on loperamide, psyllium, and a 
high fiber diet after ileostomy closure, 63% and 59% of 
the patients remained on loperamide or psyllium, respec- 
tively, | year later. 

Overall 24-hour mean + SEM stool frequency was 7.5 
+ 0.2 at | month after ileostomy closure, 6.5 + 0.1 at 3 
months, 6.2 + 0.3 at 6 months, 5.4 + 0.1 at 12 months, 
and 5.4 + 0.2 at 24 months (Fig. 4). Mean nocturnal stool 
frequency showed a similar decline, decreasing from 1.6 
+ 0.2 at 1 month to 0.6 + 0.2 at 24 months. 

Patients undergoing ileal pouch—anal anastomosis for 
familial polyposis had significantly fewer bowel move- 
ments per 24 hours than those operated on for chronic 
ulcerative colitis at 1, 3,6, and 12 months after ileostomy 
closure (Fig. 5). The difference was no longer statistically 
significant at 24 months. Mean ileal pouch capacity in- 
creased from 57.2 + 4.0 ml at the time of ileostomy closure 
to 219.7 + 21.3 ml | year later, an increase of 262%. Both 
ileal pouch capacity and ileal pouch dilatation between 
the time of ileostomy closure and 12 months later cor- 
related inversely with 24-hour stool frequency (Fig. 6). In 
contrast, no correlation was found between stool fre- 
quency and ileal pouch capacity measured at the time of 
ileostomy closure. 
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Fic. 5. Twenty-four hour stool frequency in patients with chronic ul- | 
cerative colitis or familial polyposis after ileal pouch~anal anastomosis. 
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FIG. 6. Correlation between ileal pouch capacity and twenty-four hour 
stool frequency at I year after ileal pouch—anal anastomosis. 


Seven potential determinants of stool frequency at 12 
months after loop ileostomy closure were identified (Table 
2) and then ranked by stepwise regression analysis (Table 
3). Increased ileal pouch capacity and the diagnosis of 
familial polyposis were both associated with a significantly 
lower stool frequency at 12 months after operation by 
stepwise regression analysis. With stool frequency at | 
year as the dependent variable, age was not a significant 
factor in the development of a regression equation. Ad- 
ditionally, no difference in stool frequency was observed 
in subgroups of patients less than 20 years of age, 20-50 
years of age, or greater than 50 years of age. No significant 
correlation was found between stool frequency and the 
use of loperamide or psyllium, the sex of the patient, or 
the activity of the inflammatory process at the time of 
operation. Ileal pouch capacity and diagnosis accounted 
for only 10% of the total variance of stool frequency. 
Therefore, other determinants of functional result remain 
unidentified. 


Discussion 


By preserving nearly normal anal sphincter function! 
and maintaining intestinal continuity, thereby eliminating 
a permanent abdominal stoma, ileoanal anastomosis of- 
fers patients with chronic ulcerative colitis or the genetic 
colonic polyposis syndromes an attractive alternative to 
proctocolectomy and Brooke ileostomy. End-to-end en- 
dorectal ileoanal anastomosis, as initially described by 
ye Ravitch,' was often associated with high stool frequency 

and fecal incontinence, particularly in the early postop- 
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TABLE 2. Determinants of Stool Frequency at 1 Year after Operation 


Determinants 24-Hour Stool Frequency (Mean + SEM) 
Pouch capacity (ml) . $219 5.8 £0.5 >219 4.7 + 0.4* 
Diagnosis CUC 5.8 t 0.4 FP 4.4 + 0.2* 
Age (years) >33 5.8 +0.5 <33 5.2 0.3 
Psylium usage Yes 5,7 t 0.4 No 4.6 + 0.4 
Loperamide usage Yes 5.8 + 0.4 No 4.8 + 0.4 
Sex : Male 5.6 + 0.4 Female 5.0 + 0.3 

_ Disease activity Not active 5.5 + 0.3 Active 5.6 + 0.4 


* Significant difference, p < 0.05. 


erative period.? However, progressive ileal dilatation 
would result in increased stool storage capacity and de- 
creased stool frequency.'® Several studies have demon- 
strated that the addition of an ileal pouch to the operation 
provides patients with increased ileal storage capacity, de- 
creased stool frequency, and greater patient satisfaction 
even in the early postoperative period. A number of 
types of ileal pouches have been constructed, although 
controversy has surrounded the optimum method of 
pouch construction. Several studies! !3:!? have suggested 
that the ileal “J” pouch provides an adequate intestinal 
reservoir that can be spontaneously evacuated and, there- 
fore, results in both anal continence and acceptable stool 
frequency.” These studies have been difficult to interpret, 
however, because the operation has been done by a num- 
ber of different surgeons, even within a single institution, 
utilizing different techniques. In addition, the follow-up 
has been largely retrospective and in some cases incon- 
sistent. In the series reported in this article, all 100 of the 
operations were performed in standard fashion by a single 
surgeon at one institution. All patients were followed pro- 
spectively and systematically, with the data being oS 
into a computer for concurrent review. 

Our experience with ileal pouch-anal anastomosis 
supports the absence of mortality and the low morbidity 
that can be achieved with this operation if performed fre- 
quently, carefully, and with a standard operative tech- 
nique. Pelvic and wound infections have been reported 
to occur in 10-21% of patients undergoing tleoanal anas- 


TABLE 3. Determinants of Stool Frequency at 1 Year after Operation 


Rank 
Determinants ' Order Sig. T Beta Weight 

Pouch capacity I 0.0047 —0.39757 
Diagnosis of familial i 

polyposis 2 0.0113 —0,35339 
Age 3 0.1145 
Psyllium usage 4 0.2568 
Loperamide usage 5 0.2604 
Sex 6 0.4401 
Disease activity 7 0.5434 

Total R? = 0.10. 
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tomosis.©*!° In our series, the only infectious complhi- 
cation was a superficial wound infection that occurred 
after loop ileostomy closure. We found that the preser- 
vation of a long rectal muscular cuff was not associated 
with “cuff abscesses,” as has been reported by others, and 
did not significantly prolong operating time. Moreover, 
as we have previously reported,'''* the long cuff is likely 
responsible for preservation of the rectal inhibitory reflex 
after operation in our patients. This reflex has been abol- 
ished in most patients with a short rectal cuff.’* 

This series supports the concept that increased expe- 
rience with a complex operation results in decreased op- 
erating time, blood loss, and overall morbidity. Our major 
surgical complication was bowel obstruction. In none of 
these cases, however, was the obstruction specifically re- 
lated to the operation; rather it was related to nonspecific 
adhesive disease. In our experience, major morbidity was 
not associated with the loop ileostomy, as has been re- 
ported by others.?>” The relatively high complication rate 
associated with loop ileostomy closure was comprised 
primarily of postoperative ileus. 

The major long-term medical complication in this series 
was pouchitis. This poorly defined syndrome has been 
reported to occur in approximately 10% of patients after 
both ileal pouch-anal anastomosis and the Kock conti- 
nent ileostomy.'*!” In our patients, the syndrome often 
followed viral gastroenteritis and presented as a distinct 
elevation in stool frequency accompanied by watery stools, 
urgency, nocturnal leakage, abdominal cramping, and 
occasionally malaise and fever. The fact that this syn- 
drome responded in the vast majority of cases to a short 
course of metronidazole suggests that it may be secondary 
to bacterial overgrowth, although this has not been care- 
fully studied. In our series, pouchitis was observed to occur 
only in patients who underwent ileal pouch—anal anas- 
tomosis for chronic ulcerative colitis. We have not ob- 
served a single episode of pouchitis in the 22 patients with 
familial polyposis or Gardner’s syndrome. This suggests 
that the etiology of pouchitis may be more complex than 
simple bacterial overgrowth. It has been suggested that 
pouchitis is an early manifestation of Crohn’s disease. 
While this might be the case in those few patients with 
protracted pouchitis, it is unlikely in patients with a single 
short episode that promptly and completely responds to 
metronidazole. 

As defined by the overall stool frequency and the degree 
of continence, the short- and long-term functional result 
in our patients after ileal pouch—anal anastomosis has been 
acceptable. The early postoperative stool frequency was 
significantly lower than that reported in the early post- 
operative period for adult patients who have undergone 
straight ileoanal anastomosis without an ileal reservoir. 
A significant improvement in stool frequency occurred 
in the first year after the operation and then reached a 


BECKER AND RAYMOND 


Ann. Surg. * October 1986 


plateau. During this time, nocturnal stool frequency and 
nocturnal leakage of stool also significantly declined. The 
overall stool frequency in this series was very similar to 
that reported by others who have performed ileal pouch- 
anal anastomosis. !™'7 We did not observe the incomplete 
pouch evacuation reported in patients with the “S” pouch! 
or the lateral isoperistaltic ileal reservoir.* 

We have previously reported that in the early period 
after endorectal pull-through of an ileal “J” pouch, resting 
anal sphincter pressure is decreased by approximately 20% 
but is returned to preoperative levels by | year. Both anal 
sphincter squeeze capacity and ileal pouch storage capacity 
increase significantly during the year after operation. '®'! 
In this study we found that both the change in volume of 
the ileal pouch during the year after ileostomy closure, 
i.e., pouch dilatation, and the absolute capacity of the 
pouch at 1 year after surgery were inversely correlated 
with overall stool frequency. We were unable to find any 
correlation between intraoperative pouch volume or early 
postoperative pouch capacity and overall stool frequency. 
This would further support the use of the “J” pouch, which 
has a smaller volume at the time of construction but 1s 
simple to construct, dilates freely, and preserves sponta- 
neous and complete evacuation. 

We found that patients who underwent ileal pouch- 
anal anastomosis for familial polyposis as opposed to 
chronic ulcerative colitis had a significantly lower mor- 
bidity and a better functional result. This is consistent 
with the report of Metcalf et al.'° in patients after ileoanal 
anastomosis and with earlier reports of patients after il- 
eorectal anastomosis.”* 

In contrast to other investigators, we found that age 
difference was not a determinant of stool frequency. A 
poorer functional result has been reported in patients over 
age 50,!° which was thought to be due to changes in anal 
sphincter function seen with aging. We performed ano- 
rectal manometry on all patients prior to surgery and 
found no significant depression in either resting sphincter 
tone or squeeze capacity in patients over 50 years of age. 
While we did not eliminate any patient in this age group 
because of inadequate sphincter function, it is still possible 
that the good results in our older patients may reflect se- 
lection. 

In this study, neither oral loperamide nor psyllium 
supplementation was a major determinant of stool fre- 
quency at | year after operation. Our previous studies, 
however, have demonstrated that these drugs were effec- 
tive in the early postoperative period when used concur- 
rently.” While the level of activity of disease in patients 
with ulcerative colitis was found not to correlate closely 
with ultimate stool frequency or morbidity, an attempt 
was made in all patients prior to surgery to maximally 
control their rectal disease with oral, parenteral, or rectal 
steroids and azulfidine. 
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Ít is important to emphasize that of the seven factors 
considered, pouch capacity and diagnosis were the only 
significant determinants of stool frequency at | year after 
ileoanal anastomosis. Furthermore, together they ac- 
counted for only 10% of the total variance by multiple 
regression analysis. Thus, identification of other variables 
is indicated. 

In summary, we report our experience with 100 con- 
secutive cases of ileal “J” pouch—anal anastomosis per- 
formed in a standard way by a single surgeon. Ileal pouch- 
anal anastomosis was found to be a safe and effective 
operation for patients with ulcerative colitis or familial 
polyposis. Increasing experience with the operation re- 
sulted in decreased operative time and blood loss and re- 
duced postoperative morbidity. Ileal pouch dilatation and 
the diagnosis of familial polyposis were the major deter- 
minants of functional success after ileal pouch—anal anas- 
tomosis. Both of these factors were associated with a sig- 
nificant decrease in stool frequency in the late postoper- 
ative period. We believe that endorectal ileal pouch—anal 
anastomosis should be the operation of choice for most 
patients who require colectomy for chronic ulcerative co- 
litis or the genetic colon polyposis syndromes. 
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As Dr. Becker indicated, patient selection greatly influences the func- 
tional results. Polyposis patients have technically easier and shorter op- 
erations with better results than do patients with colitis. In our experience 
with 130 pullthrough operations, colitis patients with severe rectal disease 
and obesity, and those on high-dose steroids with thick mesenteries lim- 
iting the ability of the ileum to reach the anus, had more complications 
than did other patients. Has Dr. Becker observed any different results 
based on these factors? 

Technical aspects of the operation that appear to improve functional 
results and reduce complications include (1) leaving only a 5 cm rectal 
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muscle cuff, (2) removing all rectal mucosa down to the dentate line, (3) 
placing the lower end of the reservoir within 2-3 cm of the ileoanal 
anastomosis, and (4) constructing reservoirs of less than 20 cm in length. 
In children, perhaps reservoirs of 10-12 cm length may be adequate. 

The type of reservoir appears to be of less importance and depends 
on the experience of the surgeon. There is slightly better emptying when 
the reservoir has two isoperistaltic segments than when a reverse segment 
is used. Reservoir volumes of greater than 500 mi often lead to stasis 
and pouchitis. Improvement can be achieved by shortening such reser- 
voirs or by temporarily irrigating them with catheters once or twice daily. 
Pouchitis, as indicated by Dr. Becker, appears to be due to reservoir 
distension and stasis. We have found fewer anal strictures using an end 
ileal anastomosis to the anus than has been reported with the J pouch. 
By constructing the reservoir 3 months after the colectomy and pull- 
through for high-risk patients when they are off steroids and the anal 
anastomosis has healed without infection, we have noted a decrease in 
morbidity. 

I would like to conclude by asking Dr. Becker four questions: (1) Do 
you believe that it is necessary to preserve the rectal muscle cuff up to 
the level of the peritoneal reflection, as you have indicated in your slide? 
(2) Why do you prefer a loop ileostomy, since this produced many of 
the complications you listed in your manuscript? (3) What criteria have 
you used for rejecting patients for pullthrough operation, particularly 
those with colitis? (4) In your manuscript you mentioned that two patients 
had become pregnant, and it would be interesting to know whether they 
were able to conclude with a vaginal delivery. 


Dr. LESTER WARREN MARTIN (Cincinnati, Ohio): I cannot help feeling 
frustration in regard to this operation. I struggled for 10 years to try to 
perfect the technique of this procedure before ever presenting it for the 
first time to the American Surgical Association meeting in Boca Raton 
in 1977. The 10-year delay was deliberate because of the many com- 
plexities of the procedure and the potential complications. The objective 
of the operation is to cure the disease and yet preserve for the patient 
complete anorectal continence. I am disturbed by the high incidence of 
nighttime incontinence that is being reported. The 25% figure reported 
today is totally unacceptable. Another great institution in the Midwest 
has reported over 400 patients with an admitted 50% incidence of night- 
time soilage. With the operation performed as we originally reported, in 
105 patients ranging in age from 8 to 69 years, the incidence of nighttime 
soilage is less than 5%. There are five technical points that we feel must 
be complied with in order to preserve involuntary (nighttime) continence: 


(1) The muscular rectal cuff dissected from above must be preserved 
beginning just below the peritoneal floor to preserve sufficient internal 
sphincter. 

(2) The anastomosis must be performed without tension. 

(3) The mucosal rectal stump should not be everted to facilitate per- 
formance of the anastomosis. If it is everted, the delicate nerves can be 
destroyed. 

(4) Drainage is absolutely essential to prevent fibrosis and scarring. 
We prefer to leave a Penrose drain between the neorecta: reservoir and 
its encircling muscular rectal cuff. 

(5) The transitional epithelium covering the anorectal columns must 
be preserved. This epithelial surface provides the sensation above the 
sphincter mechanism and is the necessary afferent limb of the reflex arc 
of involuntary continence. We are convinced that involvement of the 
transitional epithelium by the ulcerative colitis is purely secondary and 
is reversible following removal of the proximal columnar epithelium. 
The anastomosis should be at the top of the anal colurnns and not at 
the dentate line where many authors are currently recommending that 
the anastomosis be done. 


A physician from Florida recently brought his 23-year-old attractive, 
vivacious daughter to see me because of nighttime incontinence following 
an endorectal pullthrough type operation for ulcerative colitis. I could 
only confirm the incontinence. Nothing could be done to restore her 
continence. The anastomosis had been performed too low at the dentate 
line. All I could do was to recommend that she go back home and have 
her surgeon do a permanent ileostomy. 

I am firmly convinced that nighttime incontinence can be prevented 
by conscientiously observing the critical technical details that I have 
outlined today and that we have listed in previous publications. 
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Dr. KEITH A. KELLY (Rochester, Minnesota): I appreciate the op- 
portunity to comment on this fine paper by Dr. Becker. We also have 
had experience with a large number of these operations at the Mayo 
Clinic and have results that are nearly identical to those presented by 
Dr. Becker today. We have had no mortality in our series, a modest 
morbidity, and have found a reasonable pattern of defecation and con- 
tinence after the operation. Quality of life surveys have shown the patients 
to be pleased with the results. 

I have three questions for Dr. Becker. The first has already been alluded 
to by Dr. Fonkalsrud. We have usually left a rectal muscular cuff of 
about 5 cm in length or shorter. What evidence is there that it should 
be left longer? I am not aware of any controlled trials where long cuffs 
have proven better than short ones. 

Secondly, what is the cause of the pouchitis that about 18% of your 
patients experienced? We believe that it may be related to overgrowth 
of bacteria in the pouch. We have cultured larger numbers of anaerobic 
and aerobic bacteria from the pouch and from the bowel proximal to 
the pouch than are present in health. Does pouchitis depend on this 
bacterial overgrowth, or is it the patient’s response to the bacteria or 
toxins made by them that produces the pouchitis? The smaller incidence 
of pouchitis in patients with polyposis compared to those with colitis 
suggests that the colitis patients may be particularly susceptible to 
pouchitis. l 

Lastly, what are the other determinants of stool frequency to which 
you alluded? The parameters you identified accounted for only about 
10% of the variance in your data. We believe that at least two other 
factors may have a role. One is the amount of stool passed by the patient 
each day. The larger the volume of stool, the more frequent the bowel 
movements. The other is the pattern of contractions in the pouch. Those 
patients who have the early onset of large amplitude, propulsive pouch 
contractions with pouch filling have more frequent stools than those 
who have late onset of the contractions. Ideas about other determinants 
of stool frequency will indicate to us the next direction this operation 
might take. 


DR. MALCOLM VEIDENHEIMER (Burlington, Massachusetts): I would 
like to congratulate Dr. Becker on a fine personal experience. Like other 
people who have dealt with this operation, we have felt the excitement 
that he has expressed today. The operation is new, has had only about 
5 years of trial run, and yet, as we compare it with Nicky Kock’s operation, 
the complication rate is much less than that seen with the continent 
Kock pouch. We agree with Dr. Becker that, as young people are now 
presented with options for treatment of their polyposis and ulcerative 
colitis, it is incorrect not to offer this operation to them. 

We have all leaned heavily on Dr. Martin’s work as we have developed 
experiences with this technique. I must say, though, that unlike Dr. Mar- 
tin’s experience, our experience has been to do the division of the mucosa 
at the dentate line in the hope that we are removing all risks of cancer 
in this group of patients. In about 160 patients we have had only one 
patient with nighttime incontinence. 

I too would like to know the reasons for pouchitis and hope that Dr. 
Becker has some information about that. We have had this occur in 
about 8% of our patients, and some of them have had familial polyposis 
and some have developed pouchitis before the ileostomy was closed. I 
think that this is an area that needs further study. 

The other thing that is important about this operation is that it Is 
teaching us more about the defecation mechanism. Some of the things 
we learned about continence mechanisms as we were training are not 
holding forth as we get more and more experience with this type of 
operation. I think that a better understanding of continence and defe- 
cation mechanisms is going to be a major outgrowth of this operation. 


Dr. ARTHUR H. AUFSES, JR. (New York, New York): I too nse to 
commend Dr, Becker on this beautiful series of cases. | am intrigued by 
the fact that the patients who had the operation performed for polyposis 
had fewer bowel movements than the patients who had an operation for 
ulcerative colitis. This implies that the function of the remaining small 
bowel is different in the two sets of patients. 

Work done primarily by Allen and Dunne in England clearly shows 
that in patients with Crohn’s disease there were definite abnormalities , 
in the remaining, apparently normal small bowel, specifically relating to 
electrolyte transport and disaccharidase activity. On the other hand, when 
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they looked at the ulcerative colitis patients, they seemed to have near 
normal function in the remaining small bowel. I wonder if Dr. Becker 
has any data he could share with us as to whether the small bowel is 
different in the polyposis and ulcerative colitis patients that might account 
for this difference in bowel movements. 


Dr. ARNOLD G. CORAN (Ann.Arbor, Michigan): I too would like to 
congratulate the authors on a very beautiful presentation and an im- 
pressive series. I also would like to stand to defend the straight endorectal 
pullthrough, which has been somewhat discounted, especially for the 
adult population. 

We have had an opportunity since 1977, following Dr. Martin’s initial 
presentation, to use the straight endorectal pullthrough in 75 children 
and adults; about two thirds of the series actually consists of adults, some 
as old as 55. The mean stool frequency | year after operation is between 
5 and 7 per 24 hours, and the continence rate is 100%. So the results 
are quite comparable to the results one sees with the various types of 
pouches that have been recommended. ; 

There has been a thought that has permeeted the surgical world that 
the straight endorectal pullthrough is appropriate for the young child 
but not for the older adult. I do not think that that is true based on our 
experience. We have recently completed a study in our laboratory looking 
at the four different pouches in a dog model and have done some extensive 
physiological evaluations of these animals 6 months and | year out. The 
data indicate that water and electrolyte absorption, manometrics, and 
functional capacity of the straight endorectal pullthrough are equivalent 
to that of the pouches. Thus, I think that one should consider the straight 
endorectal pullthrough for the adult. There is no question that it is tech- 
nically easier, it takes less time to do, it is unusual to require blood 
during the procedure, and the ultimate functional results seem to be the 
same. 


DR. DONALD TRUNKEY (Portland, Oregon): I too enjoyed this paper. 
I was intrigued because your small bowel obstruction rate seemed high 
over the 3-year period. When you operated on these patients, did you 
correlate the obstructions with your pelvic floor reconstruction, or were 
the obstructions due to your loop ileostomy? When you staple off the 
loop, do you drop it back or do you just leave it attached to the abdominal 
wall? 

Finally, have you done biopsies of the adhesions? A pathologist in 
San Francisco has shown that there seems to be a correlation between 
adhesions and the use of paper drapes. 


Dr. JAMES M. BECKER (Closing discussion}: I would like to thank all 
of the discussants for their comments and questions. Among the dis- 
cussants are a number of pioneers in this field, who laid the groundwork 
for the work I have been able to accomplish. 

Dr. Fonkalsrud, we have not identified any absolute exclusion criteria. 
The only factor that has consistantly made the operation technically 
difficult has been obesity. We have not found-that any other physical 
condition has limited the operation. We were initially concerned about 
our ability to extend the ileal pouch to the anus in all cases. Several 
technical factors have largely eliminated this concern. The first is the 
routine transection of the last ileal vascular-arcade. Secondly, the ileal 
mesentery is scored at several sites as “relaxing incisions.” Finally, and 
I think most importantly, with the patient in the lithotomy position, we 
flex the patient at the hips and bring up the back of the operating table, 


thereby allowing the pouch to extend deeper into the pelvis. These factors 


have allowed ileal pouch~anal anastomosis in all cases. 

The other parameters we evaluated, including age, sex, activity of the 
inflammatory disease, and use of antidiarrheals or fiber, were at least 
statistically not associated with any difference in functional result. We 
were particularly surprised that the degree of rectal mucosal inflammation 
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was not related to morbidity or functional result. The Mayo group has 
reported that patients over the age of 50 have a poorer result (Metcalf 
AM, Dozois RR, Kelly KA, et al. Ileal “J” pouch-anal anastomosis: 
clinical outcome. Ann Surg 1985; 202:735-739). In our series, age was 
not a factor. In particular, patients over the age of 50 did as well as the 
rest of the group, although the number of older patients was relatively 
small. 

Dr. Kelly and Dr. Fonkalsrud asked about the longer rectal muscular 
cuff. As I think you are aware, many surgeons have shortened that dis- 
section down considerably, extending from the anus to just above the 
level of the levators. I have found that from a technical standpoint I 
would rather dissect mucosa than mobilize the rectum externally. With 
increasing experience with mucosal dissection, this can be done rather 
quickly. In addition, I think there are several theoretical reasons for 
leaving a long cuff. First of all, it avoids any damage to the parasym- 
pathetic nerves in the perirectal space with the potential disastrous com- 
plication of impotence. We have not reported a single episode of im- 
potence in this series of 100 patients. Secondly, we have found, unlike 
most other investigators, that, in essentially all of our patients, the rectal 
inhibitory reflex is preserved. In health, on distention of the rectum, the 
internal anal sphincter relaxes and the external sphincter contracts. This 
reflex is felt to be very important in the maintenance of continence and 
discrimination. The reflex is likely mediated by the rectal wall. This 
could explain its absence in patients in whom a short cuff was left at 
operation. Whether this has any functional significance, we are not ab- 
solutely sure at this time, but we are studying it. 

In regard to the loop ileostomy, it is correct that many groups have 
reported a high complication rate in association with it. We have had 
complications, but for the most part they have not been major, ie., 
prolonged ileus and, in several patients, bowel obstruction. The bowel 
obstructions, however, have in no cases been specifically related to the 
operation. In other words, we have never reoperated and found that the 
loop ileostomy closure site was obstructed or that a loop of bowel had 
herniated below the ileal mesentery. Rather, in all cases (and this answers 
one of the later questions by Dr. Trunkey) the bowel obstructions have 
been secondary to nonspecific adhesions. We have not, however, biopsied 
any of these adhesions looking for specific etiologies. 

Dr. Martin, there has been a great debate about what level the rectal 
mucosal dissection should be extended to. As you know, there are those 
who left a several-centimeter rectal mucosal segment proximal to the 
anoderm, arguing that this was important in the maintenance of dis- 
crimination and continence. There have been several disturbing reports 
of either recurrent inflammatory or polypoid disease in that retained 


` segment. Our feeling has been that we should provide the patient with 


an absolutely definitive operation, particularly since the precise site of 
discriminatory sensation has not been identified. I think the dentate line 
is an anatomically well-defined margin as opposed to an area 1 or 2 cm 
up on the rectal columns that cannot be clearly identified. Furthermore, 
I think it is important to emphasize that while the rate of frequent night- 
time leakage (greater than 2 episodes per. week). was about 20% in the 
early postoperative period, by | year after surgery none of our patients 
had frequent nocturnal leakage. Importantly, as we will report elsewhere, 
the overall patient satisfaction rate is greater than 90%, a finding that 
has been corroborated by the Mayo group (Pemberton JH, Phillips SF, 
Ready RL, Zinsmeister A. Comparing performance status after Brooke 
ileostomy and ileopouch—anal anastomosis [Abstract]. Gastroenterology 
1985; 88:1535). 

Pouchitis is a very interesting problem. All of our episodes of pouchitis 
were in the ulcerative colitis patients and none in those with familial 
polyposis. This clearly has some implications toward the etiology or the 
pathogenesis of the small bowel component of ulcerative colitis. Whether 
pouchitis represents an early phase of Crohn’s disease, as some have 
advocated, or is simply a bacterial overgrowth syndrome is unclear. For- . 
tunately, it responds dramatically to metronidazole in most patients and, 
for the most part, is no longer a problem in the late postoperative period. 





The Extent and Distribution of Cancer in Breasts 
with Palpable Primary Tumors 





FRANK E. GUMP, M.D. 
SCOTT SHIKORA, M.D. 


DAVID V. HABIF, M.D. 
SVEN KISTER, M.D. 





The term multicentricity has been employed to describe cancer 
cells beyond the borders of the primary tumor. However, it is 
not clear if there are multiple independent sites of origin or if 
the process simply represents spread of the cancer. The present 
study was designed to examine the distribution and extent of 
cancer in the breast and identify factors that bear on these events. 
All mastectomy specimens between 1980 and 1983 were system- 
atically examined by means of multiple sections. One hundred 
seventy-nine of 657 patients (27%) were found to have separate 
foci. The most common histologic type (invasive ductal) was least 
likely to have multifocal disease (19%), while it was extremely 
common in the small group of patients with intraductal lesions 
(81%). Size was a factor in ductal but not in lobular lesions. 
Ninety per cent of the secondary foci were found in close prox- 
imity to the primary, suggesting spread rather than multicen- 
tricity. This implies a more limited and predictable distribution 
of cancer cells and opens the way to more rational selection and 
surgical preparation of patients for breast preservation. 


HE FACT THAT CANCER CELLS may exist in the 
breast beyond the confines of the palpable tumor 
has been appreciated for more than 50 years. 

Most reported studies have examined the frequency of 
this event, and the term multicentricity has often been 
employed. However, it is not always clear whether cancer 
in other parts of the breast represents multiple indepen- 
dent sites of origin or direct spread from the primary. 
Such questions have assumed new importance in light of 
recent efforts to preserve breast tissue in the treatment of 
early cancer of the breast. 

The present study was undertaken in order to examine 
four clinical questions: (1) the distribution of cancer cells 
in relation to the primary, (2) the mechanisms responsible 
for the presence of tumor cells in other parts of the breast, 
(3) the influence of histologic tumor type on these events, 
and (4) the effect of tumor size. If cancer beyond the gross 
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tumor were more predictable than random, it would 
sharpen the criteria for selecting patients for lumpectomy 
and also guide the surgeon’s decision regarding tumor 
margins. 


Materials and Methods 


All patients with Stages I and IH breast cancer treated 
by mastectomy between August 1980 and August 1983 
at the Columbia—Presbyterian Medical Center were re- 
viewed. A total of 657 patients were treated during this 
3-year period, and all but 18 had modified radical mas- 
tectomies. Eighteen radical mastectomies were included 
and did not receive separate consideration. However, 
mastectomies done for in-situ cancers when there was no 
palpable mass in the breast were excluded. Patients with 
Paget’s disease of the nipple were excluded for that reason, 
but eight patients found to have nipple involvement on 
routine histologic examination remained in the study 
group. 

The search for cancer beyond the primary was not ex- 
tensive but was carried out in a systematic fashion on all 
specimens. The orientation of the breast on the chest wall 
was obvious from the attached axillary tissues. The site 
of the primary was identified and its quadrant location 
recorded. All tumors were assigned to the quadrant where 
the bulk of the tumor was located. This was also true of 
“central” tumors that were not assigned a separate cate- 
gory. 

The breast tissues were sectioned vertically at 1 cm in- 
tervals. The section through the primary was used for 
measurement of tumor size, which was reasonably ac- 


curate since limited, incisional biopsies had been originally « 


carried out to document the diagnosis and secure tissue 
for hormone receptor determination. 
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Sections were cut from the breast tissues as follows. 
Tissue was taken from the quadrant that contained the 
tumor, at least 2 cm from the gross outlines of the primary 
cancer. In addition, sections were taken from the other 
three quadrants. The quadrant clockwise from the primary 
was always labeled A while the counterclockwise quadrant 
was B. The opposite quadrant was listed as C. In all in- 
stances the tissue was selected after careful gross exami- 
nation of the breast slices. This was done primarily to 
secure breast parenchyma (rather than fat) for study, but, 
if any areas looked suspicious grossly, they were selected 
for microscopic examination. 

The diagnosis of carcinoma remote from the primary 
was tabulated and consisted of both invasive and non- 
invasive foci. It is important to note that lobular carci- 
noma in situ (lobular neoplasia in our laboratory), which 
was found in 55 patients, was not considered to be evi- 
dence of multifocal cancer. On the other hand, in situ 
ductal cancer was regarded as a positive finding. 

Several sections from the primary were also studied in 
an effort to better characterize the microscopic features 
of the tumor. However, degree of differentiation, nuclear 
grade, and blood vessel invasion were not tabulated as 
part of this study. 

When carcinoma remote from the primary was diag- 
nosed, an effort was made to ascertain the mechanism 
involved. Malignant cells in a lymphatic channel were 
considered to represent lymphatic spread. At times the 
tumor appeared along tissue planes rather than lymphatic 
spaces. Tumor was also recognized in ducts and lobules. 
In this fashion tumor spread was characterized as lym- 
phatic, ductal, lobular, or along tissue planes, although 
this categorization was not possible in all instances. 


Results 


The incidence of cancer beyond the confines of the 
primary is shown in Table 1. There were 179 such patients 
or 27% of the total group. In 46 of the patients, the car- 
cinoma was consjdered to be invasive based on micro- 
scopic criteria. The distinction between invasive and 
noninvasive was not continued in subsequent reporting 
of results in order to avoid multiple small categories. In 
the remaining tables invasive and noninvasive foci of 
cancer were combined, but, as noted previously, lobular 
neoplasia (lobular carcinoma in situ) was not considered 
to be a positive finding. 

Table 2 shows the histology of the 657 primary tumors 
and the incidence of multifocal spread noted for each his- 
tologic type. Not surprisingly, the vast majority of the 
tumors were invasive intraductal lesions. The second 
largest group consisted of invasive lobular cancers. Such 
histologic distinctions are somewhat arbitrary since many 
breast primaries have features of more than one histologic 
type. This may explain the fact that the present series had 
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TABLE |. Incidence, of Tumor Foci in the Breast 
Total patients 657 
Multifocal 179 (27%) 
Invasive 46 (7%) 
Noninvasive 133 (20%) 


14% lobular carcinomas, which is somewhat higher than 
the 5-10% figure usually reported.! . 

The next group consisted of 42 intraductal carcinomas 
that showed little evidence of invasion microscopically. 
It was actually a combination of 24 patients whose tumor 
appeared entirely intraductal and 18 with infiltrating duc- 
tal carcinoma in which the intraductal component was 
predominant. All of these patients had a tumor mass that 
led to the original biopsy and mastectomy rather than in 
situ ductal carcinoma found by biopsy of mammographic 
microcalcifications. The final 27 patients were grouped 
together and had papillary, medullary, colloid, and tubular 
carcinomas. 

It is clear that the histologic type has a bearing on mul- 
tifocal disease. Table 2 shows that the intraductal tumors 
had the highest incidence of spread beyond the primary. 
The invasive ductal tumors had the lowest (19%), and this 
figure was very similar to that recorded for the miscella- 
neous tumors. This group of patients with invasive tumors 
was generally thought to have a better prognosis. Invasive 
lobular carcinomas had a high incidence of secondary 
foci, falling between the intraductal and invasive ductal 
groups. 

Table 3 shows that size is also a factor in spread beyond 
the primary. Since histologic type is important, the two 
major histologic types are tabulated separately in Table 
3. Invasive ductal tumors had a low incidence of spread 
beyond the primary, but large tumors were twice as likely 
to exhibit this feature (23% vs. 12%). In the invasive lob- 
ular tumors, spread was more common and size appeared 
to be a negligible factor. Even the small invasive Jobular 
carcinomas tended to be more widespread in the breast. 

Table 4 shows the location of the secondary foci in 
relation to the primary. Most of the secondary foci were 
found in the quadrant with the primary. The distribution 
among the other three quadrants was not equal. There 
were 31 in A and 28 in B for a total of 59 in the two 
adjacent quadrants. The smallest number of secondary 
foci were located in quadrant C, which was diagonally 
opposite the quadrant with the primary tumor. 


TABLE 2. Influence of Histology 


Primary Tumor Patients With Foci % 
Intraductal 42 34 gi 
Invasive ductal 496 93 19 
Invasive lobular 92 46 50 
Miscellaneous 27 6 22 


Total 657 179 27 
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TABLE 3. Tumor Size 
Invasive Ductal Invasive Lobular 
Tumor 
Size Patients č Foci % Patients č Foci &, 
>? cm 298 69 23 52 28 34 
<2 cm 198 24 12 40 18 45 


Total 496 93 19 92 46 50 


Table 5 lists the four mechanisms of spread, as judged 
by microscopic examination of the foci that were found. 
Such distinctions were not possible in about one fifth of 
the patients, but, despite this fact, it appears that spread 
along ducts represents the most common of the four 
mechanisms investigated. 


Discussion 


Preservative treatment of the cancerous breast has 
stimulated renewed interest in the distribution of cancer 
in the breast. While the term multicentricity has frequently 
been applied to describe this process, spread of cancer 
from the primary may well be of greater importance. 
Multicentricity implies a random distribution of tumor 
foci throughout the breast (and possibly the opposite breast 
as well), while spread from the primary would have a 
more limited and predictable distribution. A better un- 
derstanding of this process has obvious importance in the 
selection and surgical preparation of patients for breast 
preservation therapy. It is also important in evaluating 
current trials, since they differ greatly in terms of patient 
eligibility and extent of the resection. 

In the present study we recorded a 27% incidence of 
cancer away from the primary. While this is consistent 
with other reports, the wide range (13-75%) recorded by 
other authors requires comment. The technique used to 
examine the breast is of critical importance. At one end 
of the spectrum are the whole mount studies where entire 
breast sections are made into large slides, and, if enough 
slides were to be cut, it would be theoretically possible to 
study the entire breast. This technique requires special 
facilities, and it is so laborious that only a limited number 
of specimens have ever been studied in this fashion.’ 
Random sampling represents the opposite extreme, and 
workers that have applied this approach admit that it 
yields a conservative estimate of multicentricity.? In the 
present study random sampling was augmented by careful 
gross sectioning and selection of areas that looked sus- 
picious, which were then examined microscopically. 
Specimen radiography of breast slices has also been em- 


TABLE 4. Location of Foci 


Quadrant ¢ primary 102 
Adjacent quadrant 59 
Opposite quadrant 1& 
Total 179 
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TABLE 5. Nature of Foci (Mechanism of Spread) 


Lymphatic 12 
Tissue spaces 30 
Duct 65 
Lobule 32 
Uncertain 40 
Total 179 


ployed to identify suspicious areas, and this will also in- 
crease the number of secondary foci of cancer.*” It is not 
possible to examine all the epithelial elements in the 
breast, and a choice must be made between hundreds of 
slides per specimen or hundreds of specimens studied in 
a more limited fashion. We felt that a large patient pop- 
ulation was needed to approach the clinical questions un- 
der consideration and for that reason selected a modified 
random sampling technique. 

The criteria for differentiating between ductal hyper- 
plasia and atypia on the one hand and intraductal carci- 
noma are obviously important in any evaluation of mul- 
tiple lesions in the breast. Another, and even more critical, 
factor is the decision regarding lobular carcinoma in situ, 
called lobular neoplasia in our laboratory. This lesion 
was noted but was not considered a positive finding in 
the present study. Given these ground rules, the 27% figure 
recorded in our patients closely approximates that re- 
ported by other authors. The often quoted 75% incidence 
of multicentricity reported by Gallagher and Martin in- 
cludes intraductal hyperplasia with atypism, and this fact 
plus the use of whole breast sections explains their un- 
usually high figure.’ Egan and McSweeney reported a 60% 
incidence but recorded lobular carcinoma /n situ as a pos- 
itive finding.* Lagios also employed Egan’s radiographic 
method of examination but reported only a 21% incidence 
of multicentricity. The major factor in this lower per- 
centage was the stipulation that all secondary foci had to 
be at least 5 cm beyond the border of the primary.’ Qual- 
heim and Gall, using a whole organ technique, reported 
multiple independent cancers in 54% of 157 specimens.® 
The microscopic criteria were not detailed, but the authors 
did discuss the question of multiple sites versus peripheral 
extension of the primary. Lobular carcinoma in situ was 
included in the 54% figure. 

Random sampling techniques similar to those utilized 
in the present study usually result in a lower incidence of 
secondary foci of tumor cells. Morgenstern? found 42%, 
Schwartz’? reported 44%, while Fisher’s® figure was 13%. 
Morgenstern’s paper included a large number of patients 
with invasive lobular carcinoma but was otherwise similar 
to our study. Schwartz’s paper dealt with clinically in- 
apparent cancers detected on mammography. The high 
percentage of noninvasive intraductal carcinomas makes 
this series unique, but the high incidence of multifocal 
disease is consistent with our findings since this lesion is 
associated with the highest incidence of secondary foci. 
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Fisher regarded his 13% incidence as a conservative 
estimate because it did not include lesions occurring in 
the same quadrant as the primary. If we were to subtract 
the 102 lesions found in the same quadrant as the primary, 
our study would be left with 77 secondary foci for an 
incidence of 9%. This figure is well below Fisher’s 13% 
incidence but undoubtedly reflects the fact that Fisher’s 
study included lobular carcinoma in situ as a positive 
finding. 

Lobular carcinoma in situ, renamed lobular neoplasia 
by Haagensen, continues to be a controversial lesion.®!! 
A full discussion of this topic would not be appropriate 
in this report, but its categorization is important in any 
effort to better define the extent of cancer in the breast. 
Since we have considered it to represent a marker of in- 
creased patient risk rather than a lesion that will inevitably 
progress to invasive cancer, its presence and extent would 
not be a factor in selecting patients for breast preservation 
therapy. Although the malignant potential of lobular car- 
cinoma in situ has yet to be resolved, it is important to 
recognize that the inclusion of lobular neoplasia will not 
only affect the incidence of multicentricity but will color 
reports regarding the distribution of “cancer” in the breast. 
Lobular neoplasia is widely distributed in both breasts 
and does indeed constitute random distribution rather 
than spread from a primary lesion. 

Another method of relating the present study to those 
reported by other authors is the incidence of invasive can- 
cer away from the primary. Here the microscopic criteria 
are more uniform, and widespread agreement exists 
among pathologists as to what constitutes an invasive le- 
sion. For those reasons the incidence of invasive cancer 
tends to reflect the study population and the techniques 
used to examine the breast. Table 1 was prepared to pro- 
vide this information, although invasive and noninvasive 
lesions were considered together in the remainder of the 
paper. The 7% incidence reported i in this study is higher 
than Fisher’s 4%, but, as noted previously, this reflects 
the fact that lesions in the quadrant containing the primary 
were not tabulated in Fisher’s study. Schwartz!° reported 
7%, Lagios’ 11%, Lesser!* 14%, and other studies also fall 
in this range. 

Once differences in patient selection, preparation of 
the breast, histologic criteria, and other ground rules such 
as distance from the primary are taken into account, the 
widely disparate incidence of multiple foci becomes un- 
derstandable. However, overall incidence figures obscure 
important differences between tumors of varying histo- 
logic type. Table 2 shows that the predominantly intra- 
ductal carcinomas had the highest incidence of tumor 
foci away from the primary. This reflects the diffuse growth 
pattern of such tumors and the fact that there is often 
extensive spread through the breast before a palpable mass 
appears. While this sounds like Paget’s disease, it should 
be noted that none of these patients had clinical evidence 
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of nipple involvement. This is an interesting and impor- 
tant group of patients, but only 42, or 6% of the total fell 
into this category. The vast majority of our patients were 
classified as invasive ductal (75%). Invasive lobular was 
the other major histologic type, and mutifocal deposits 
were more than twice as common in these patients com- 
pared to the invasive intraductal lesions. The wide distri- 
bution of lobular carcinoma within the breast has been 
noted by other authors, as has its bilaterality.’* This lesion 
would probably come closest to the concept of multicen- 
tricity as opposed to spread of cancer from the primary. 
However, invasive lobular carcinoma constituted only 
14% of our series. 

Size of the primary is also a factor in the frequency of 
secondary foci of cancer in the breast. However, Table 3 
shows that this holds true primarily for invasive intra- 
ductal tumors, while lobular lesions are more likely to 
have secondary foci regardless of tumor size. 

Table 4 provides the best evidence of direct spread from 
the primary cancer, in that secondary foci were most fre- 
quently found in the same quadrant as the primary. The 
significance of tumor foci in the same quadrant as the 
primary has been debated, and many authors such as 
Lesser,'* Schwartz, !? and Fisher’ excluded all such lesions. 
This reflects the fact that it is sometimes difficult to de- 
termine if a focus of cancer in the vicinity of the dominant 
mass represents a separate cancer or an integral part of 
the primary. Breast cancers may assume a highly irregular 
configuration, which on sectioning might suggest an in- 
dependent focus. However, since in the present study tis- 
sue blocks from the quadrant containing the tumor were 
taken two or more centimeters from the border of the 
primary, sectioning artifacts should not have played a role. 
It is also important to note that the authors cited above 
focused on the concept of true multicentricity and for 
that reason wanted to eliminate any possibility of direct 
spread from the tumor. However, whole mount breast 
sections show clear instances of tumor spread to adjacent 
quadrants.® Gallagher and Martin utilized this technique 
and found most of their secondary lesions in the vicinity 
of the primary; in fact, they referred to the process as 
‘“intramammary spread”.” Morgenstern’s group’ recorded 
30% of the foci in the same quadrant as the primary but 
stipulated that the focus be distinctly separated from the 
main tumor mass by a distance of 5 cm. This is a severe 
restriction and explains why the majority of their multi- 
focal deposits were in quadrants other than the one con- 
taining the primary. Sarnelli utilized submicroscopic vi- 
sualization of the mammary glandular tree and found 
31% of her foci in slices containing the tumor.’* Even 
though a 3 cm minimum distance from the primary was 
required, it represents a narrower region than the entire 
quadrant. 

The most precise study of the geographic relationship 
of secondary foci to the primary tumor was recently re- 
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ported by Holland and coworkers.'> These authors studied 
282 mastectomy specimens and employed actual mea- 
surements to determine the distance between multifocal 
deposits and the primary. A 2 cm margin from the primary 
was selected as was the case in the present study, and a 
clear-cut falloff in secondary lesions was noted as the dis- 
tance from the primary increased. Holland also examined 
32 intraductal cancers and felt that they required special 
consideration because of the wide distribution of second- 
ary foci. The high incidence of multifocal disease in this 
subgroup was similar to that found in our study. 

The mechanism of tumor spread is not easily deter- 
mined. Tumor in lymphatics or lymphatic spread was not 
common when strict criteria were applied in making this 
microscopic diagnosis. Obviously, it is not always easy to 
ascertain whether a group of tumor cells are in a lymphatic 
or a tissue space. However, tumor in tissue spaces was 
not a frequent finding either, and the majority of second- 
ary foci were found within ducts. This finding is consistent 
with spread along ducts but could also represent a field 
effect, given the proximity to the primary noted previ- 
ously. 

Certain clinical inferences can be drawn from this study 
regarding the selection and preparation of patients for 
breast preservation therapy. The distribution and nature 
of the secondary foci found in these patients suggest that 
spread from the primary rather than true multicentricity 
is responsible for tumor away from the primary in the 
vast majority of patients with palpable cancers. Even 
though there might still be debate regarding the nature of 
these lesions, their prevalence in proximity to the primary 
has been thoroughly documented in this as well as in pre- 
vious studies. This suggests that a wider excision would 
minimize residual tumor in the breast.'*!’ In addition to 
this general concept, it is clear that tumor type (histology) 
and size should be taken into consideration. Tumors that 
are primarily intraductal are widespread in the breast, and, 
although our incidence of multiple foci is extremely high, 
this general tendency has been noted by other observ- 
ers.'°'° It may also contribute to the high rate of local 
recurrence noted in this group of patients following lum- 
pectomy-radiation therapy.'* Invasive lobular carcinoma 
may also deserve special consideration in the selection of 
patients for radiotherapy, but there have been no reports 
to date that this group has an increased incidence of local 
recurrence in the treated breast. The excellent record of 
local control achieved by lumpectomy-irradiation in the 
treatment of patients with breast cancer probably reflects 
the facts brought out in this study. The vast majority of 
breast cancers fall in the invasive ductal category, and 
multifocal disease is least common in this group. In tu- 
mors less than 2 cm in diameter, the actual figure was 
only 12%. In studies limited to T! lesions'® and employing 
resection of the entire quadrant, there is the very real pos- 
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sibility that no residual cancer remains in the breast. The 
rate of local recurrence reported in the Milan trial after 
8 years was 9 of 352 or 2.5% of the patient group treated 
by quadrantectomy and postoperative radiotherapy. 
When larger lesions are treated with more limited surgery, 
as in the NSABP B-06 trial,'? the local recurrence rate is 
far higher whether or not postoperative radiotherapy is 
administered. Therefore, determinants of tumor spread 
in the breast such as histologic type and size of the primary 
should be considered both in the selection of patients for 
lumpectomy-irradiation and in the extent of surgical re- 
section. 
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DISCUSSION 


DR. JEROME J. DECOSSE (New York, New York): I congratulate the 
authors for a timely, constructive, and thoughtful study. In particular, 
Dr. Gump and his colleagues have educated me by showing how the 
abundant, apparently disparate, data on multicentricity can be reconciled 
by differences in selection of cases, study design, and the thoroughness 
of prosection of the specimen obtained. 

It is hard to define the critical questions in this area. No one argues 
about the high frequency of multicentricity with intraductal carcinoma; 
and whatever the semantic distinctions between lobular neoplasia and 
lobular carcinoma in situ, the fact is that with either label a substantial 
proportion of patients ultimately develop infiltrating carcinoma. Nor 
can I engage intelligently in distinctions between secondary foci from a 
primary versus a new primary elsewhere in the breast. 

It seems that the focus of attention should be duct cell carcinoma. 
The question is what do these other foci mean in the setting of invasive 
duct cell carcinoma? I was able to calculate from the authors’ data that 
an invasive duct cell primary, the more common malignant tumor, had 
invasive or noninvasive secondary foci of breast cancer more than 2 cm 
outside of the affected quadrant in the same breast in approximately 8% 
of patients. This percentage happens to be the same as the 8% local 
recurrence rate at 6 years in the favorable cases after excision and radiation 
therapy, as reported by Harris and others. 

The troublesome and unresolved question is the extent to which the 
local recurrence rate expresses cancer prevalent at the time of original 
treatment or new incident cancer or both. Will so-called salvage surgery 
protect the patient, or is the patient deprived of a small margin for cure 
by not having had a mastectomy? Would Dr. Gump care to comment? 


Dr. C. BARBER MUELLER (Hamilton, Ontario, Canada): I was honored 
to receive this manuscript and be asked to comment on it. 

(Slide) In March 1986 this report from the NSABP hit the New England 
Journal of Medicine. It had aggressive prepublication publicity and ex- 
tensive postpublication notoriety in most, if not all, of the women’s 
magazines. It certainly has had a major impact on my limited practice. 
Prior to that time, mastectomy seemed to be an acceptable option for 
treatment. Since that time, women almost all ages have asked for less, 
and it is a very serious business now to talk to any woman (at least in 
my practice) about taking her breast off. 

(Slide) There are several measurable outcomes that can occur following 
any operation. The study shown above reported simple mastectomy ver- 
sus segmental versus segmental plus x-ray and showed that, in regard to 
survival, lumpectomy was as good as any ather procedure. Thus, I think 
that we have to conclude that the effectiveness of a local resection is not 
going to be measured by survival. This was also found in the clinical 
trials in Guys Hospital in London and in the studies from Milan. If 
survival is not influenced, are some of these other items influenced? I 
think the answer is yes, for local recurrence is certainly a big influence 
in selecting an operative procedure for a woman with cancer of the breast. 

(Slide) Local recurrence rates are difficult to interpret. Here is a collected 
series I put together. You can see that in Columbia for Stage A at 10 
years we are looking at 16, 19, 20, and 7% local recurrence rates; in 
Columbia Stage B this number goes somewhere around 25-30%. This 
is on the chest wall and some of the areas adjacent. The NSABP study 
had a higher local recurrence. They repert those who do not have local 
recurrence; thus, when you see this number here, you see that something 
like 80% of the patients did not get local recurrence by 5 years; those 
who did get local recurrence by 5 years were 20%. That is in the Stage 
I’s. Here are the Stage H's, with a 35% showing of local recurrence at 5 
years. 

This is unusually high, and I think it is probably unacceptable. It was 
reduced by about half by local treatment with x-ray, certainly in the 
Stage I’s. These are difficult numbers to see in Stage II, for there are only 
eight or ten patients in the fifth year. 

It is critical, of course, in looking at all this, to know, first, if the tumor 
is adequately excised. Second, is there a new ipsilateral primary? Third, 
is this local manifestation of distant diszase? I think the studies reported 
here assist in resolving some of these questions, and it makes fairly clear 
to me at least that lumpectomy must approach quadrantectomy, which 
is what the Milan study used. 
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The tumors must he small. The NSABP study used tumors up to 4 
cm and Guys Hospital used them up to 5 cm. I think probably 2 cm is 
the maximum. The margins must be free, because if they are not, the 
operative exercise is worthless. 

I know that Dr. Gump offers this operation to some of his patients 
for I had the oppertunity to visit with him last year. Now that the study 
has been completed, I ask him what is to be done with this information. 
What does he know about this ahead of time, before operation? Will his 
operative recommendations be modified because of this information? 
Thirdly, how does his pathologist examine and report on the biopsy 
specimen, and what does Dr. Gump do with the pathologist’s information 
either fram the biopsy specimen or after the definitive resection? 

I am glad the authors presented this. I think it is crucial material. It 
helps to solve seme of the multicentricity problem, and it also clarifies 
some of the lumpectomy issues that are big social, emoticnal issues in 
today’s world. 


Dr. ROGER FOSTER (Vermont): As Dr. Gump has told us today, mul- 
ticentricity of cancer foci occurs in areas remote from the index primary, 
and such foci also occur in the opposite breast, as we all know. The more 
intense the search, the more foci are found. Gallagher and Martin, with 
a very intensive and tedious search, found ipsilateral multicentricity in 
about one half of the breasts. Meticulous study of the contralateral breast 
demonstrates primary breast cancers with a similar frequency. Yet, desprte 
the high prevalence rate of contralateral microscopic disease, most sur- 
geons have not done prophylactic mastectomies. With this policy, in 
patients over the age of 50, only 3—4% will develop a clinical contralateral 
breast cancer ia their lifetime. Multicentric cancers are far more common 
than their progression to clinical disease. 

The issue that Dr. Gump has emphasized is the multifocal nature of 
many breast cancers as opposed to the multicentric origin of cancers. 
How much treatment is needed for the noncontiguous multiple foci of 
cancer that are presumably derived from lymphatic and ductal spread 
from the index primary? 

Our experience in the National Surgical Adjuvant Breast Project clinical 
trial of partial mastectomy with and without irradiation to the residual 
breast was that all of the 110 recurrences identified to date have been in 
or adjacent to the quadrant of the index cancer, although 14% of the 
patients had tumor recurrences extensively throughout the breast also. 

In the NSABP experience, irradiation to the breast following limited 
partial mastectomy with tumor-free margins (judged by the pathologist) 
was followed by an 8% 5-year local recurrence rate. For patients with 
positive axil ary nodes, who were treated with chemotherapy as well as 
breast irradiation, despite their worse overall prognosis, there were local 
recurrences in only 3% of the patients at 5 years. The pathologic dis- 
criminants predicting local recurrence were tumor size, tumor differ- 
entiation, and particularly intralymphatic extension. Adjacent intraductal 
cancer, which, as Dr. Gump has recognized, occurs frequently, was not 
predictive cf local recurrence. 

Much of the emphasis to date has been on the finding of discriminants 
that predic: poor outcome, and I am intrigued by Dr. Gump’s interest 
in identifying patients who might have a particularly good outcome and 
therefore perhaps be treated with partial mastectomy without irradiation. 
The problem is, I really do not know how to select these patients; perhaps, 
he can held us with that. 


Dr. CALDWELL B. ESSELSTYN, JR. (Cleveland, Ohio): I too rise to 
congratulete Dr. Gump and his coauthors. I believe this has relevance 
to the part al mastectomy approach that we have preferred. Our preference 
has been tb limit partial mastectomy to lesions 2.5 cm and less to achieve 
a palpable margin of tumor clearance, reserving radiation therapy for 
those with larger lesions, nodal involvement, or uniavorable histologic 
findings. -n a 15-year follow-up, our local recurrence rate at 5 years was 
11%, and at 10 years in this group it has been 16%. Nineteen per cent 
of the group has had selective radiation therapy. 

We dc not favor routine radiation in all patients having partial mas- 
tectomy, as radiation is expensive, time-consuming, does not alter sur- 
vival, compromises cosmesis, and has pulmonary, osseous, and potential 
second tumor problems as well. Furthermore, we are aware that some 
studies, such as those of Spitalier of France, indicate that local recurrences 
are but delayed, as seen in their study where at 5 years the recurrence 
was 8%, with local recurrence of 21% at 10 years. 
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I would invite the authors’ comments on this selective use of radiation 
therapy, especially in view of their own data. 


Dr. JOHN S. SPRATT (Louisville, Kentucky): I enjoyed this paper. I 
think the most gratifying aspect of it is the increasing attention surgeons 
are paying to the histopathologic and cytologic morphology of neoplasms 
rather than simply the size and clinical stage, which is very grossly an- 
atomical. | have several questions to pose to the authors. 

Did you seek an association of distribution with the presence of per- 
itumoral lymphatic invasion independent of size, the degree of cellular 
anaplasia, the degree of tumor necrosis, the mitotic index, and the patient’s 
age. Age is particularly important with respect to multicentricity because 
of the extreme variations of growth rate with age and the implications 
your findings might have ultimately to the significance of multicentricity. 

The other factors listed constitute a partial list of histopathologic factors 
and particularly cytologic characteristics of great prognostic significance, 
often overriding the other factors considered. 

Finally, the breast is conical, and it would be much more meaningful 
if you defined the distribution away from the primary as a function of 
the cubic centimeters of breast tissue rather than as a function of distance. 
This would give a better appreciation of what is really going on per unit 
mass of breast tissue. 


Dr. RICHARD E. WILSON (Boston, Massachusetts): I enjoyed this paper 
and just want to ask a question for clarification. 

In the presentation of the intraductal disease, one point Dr. Gump 
made was that in situ cancers were not included, but then in fact 42 
patients with in situ cancers were included. Were these included just 
because they presented as a mass, or were they selected for inclusion in 
this study? 

In these 42 patients with intraductal carcinoma, 34 had other foci. 
Are those other foci of intraductal cancer? How many of those had in- 
vasive cancer in other foci in the breast? We ourselves reported an 11% 
incidence of invasive cancer in other portions of the breast when intra- 
ductal cancer was the preoperative diagnosis. I think that point has not 
been discussed much by others at the microphones, but I think it is an 
equally important consideration as people are talking about the kinds 
of procedures to be done for that disease. 


Dr. HAROLD WANEBO (Charlottesville, Virginia): I enjoyed the pre- 
sentation, and I have two questions. In reference to multifocality with 
intraductal cancer, how do you now personally manage small intraductal 
cancers? Is it rational to consider local excision, or, because of the high 
rate of multifocality, would you opt for a wider resection? 

Secondly, in relation to your thesis that the multifocality is really not 
‘“‘multifocality” but is more likely disease that has spread through the 
ducts, how do you integrate this with the presence of lobular cancer in 
situ (or as you call it atypical lobular hyperplasia)? You did quote an 
incidence of 9% of atypical lobular neoplasia, which many would consider 
to be a precursor to cancer. I think that about 22% of Hagenson’s patients 
with that entity did develop invasive cancer. Is this not evidence of mul- 
tifocality, at least in the component that has that? 


Dr. BLAKE CADY (Boston, Massachusetts): I think that the implications 
of Dr. Gump's study are fascinating in terms of what we have called 
multicentric, actually being spread from a single focus. Biologically, this 
is of great significance. You should be aware of an interesting article by 
Lagios, from San Francisco, in which he showed that intraductal tumors 
less than 25 mm in diameter had a multifocal incidence of only about 
10%, but, if they were larger than 25 mm, the multifocal incidence was 
about 55%. This again would substantiate the idea that multifocal intra- 
ductal carcinoma might be spread from a solitary primary focus rather 
than being a true multicentric disease. 

I think that this has significant implications for future therapy of in- 
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traductal carcinoma, and | wonder if the authors have seen a decreasing 
incidence of multifocality as we pick up earlier and earlier disease with 
mammographic programs. I predict that we will be able to treat focal 
intraductal carcinoma with local excision and prevent multicentric disease 
in most, if not all, cases. 


Dr. FRANK E. Gump (Closing discussion): I appreciate the discussants 
bringing up these very important points. Some of them are issues that 
are covered in the manuscript but could not be dealt with in the time 
allotted. 

Dr. DeCosse raised the question of incident or prevalent cancer. All 
that we can do is deal with the lesion that has created the primary tumor. 
You would like to leave the remaining part of the breast with the same 
degree of risk that the other breast does. As long as there is any breast 
tissue left, risk exists. If you could bring it down to the level of the other 
breast without a total mastectomy, I think that would be satisfactory. 

The recurrent question, of course, is the selection of patients for breast 
preservation. I think some relevant work has already been done, and 
that is Dr. Veronesi’s study. If you look at the two factors, namely, the 
nature of the tumor as opposed to the size of the circle around it, Dr. 
Veronesi’s work would make you focus on the size of the circle. If you 
recall his study, which is now a little more than 8 years along, quadran- 
tectomy represents an extremely wide excision. He has a 2.5% local re- 
currence rate in these patients, and, at more than 8 years, I think this is 
dramatic evidence that if you restrict your patients, as he did, to tumors 
2 cm or less, you can certainly achieve results that are totally compatible 
with mastectomy. Some people would say those patients were irradiated. 
I do not think that irradiation can explain these results because the same 
amount of radiation results in far higher recurrence figures when applied 
to larger tumors excised with smaller margins. The low local recurrence 
rate reflects the extent of the surgery and the small size of the primaries. 

You can refine the rule of simply taking on small tumors, I think, by 
focusing attention on invasive ductal cancers, which make up about 75- 
85% of all breast cancers. As to the other two categories, I do not know 
how to deal with the lobular carcinomas. I think that if there is any such 
thing as multifocal disease, those tumors would fit into that category: 
but they are a far less common group. 

Dr. Wilson wondered why we excluded in situ ductal and have a 
category of intraductal. What we excluded were patients whose mastec- 
tomy was the result of an abnormal mammogram showing microcalci- 
fications. We did not exclude intraductal cancers if they made regular 
lumps of cancer but then on histologic examination were basically con- 
fined to the ducts. These patients were clearly different, and, based on 
our studies with an 80% chance of finding cancer outside of the region 
of the primary, we would say that such patients should probably be 
treated by mastectomy. 

The question of lobular neoplasia or lobular carcinoma in situ is clearly 
one of the reasons why there is such a disparity in the reported incidence 
of secondary foci in the breast. Lobular neoplasia is a bilateral lesion, 
and it is a multifocal lesion. However, since Dr. Haagensen’s series, 
which is the largest reported, showed a little less than 20% incidence of 
invasive cancer developing in these patients, I do not think that this is 
the same kind of lesion as in situ ductal, which is far more worrisome. 

Į am aware of Dr. Lagios’ study, of course. He used the Egan method, 
and there is no question that the results he found are consistent with 
ours. In fact, he was one of the first people to point out the extremely 
high incidence of multifocal disease or widespread disease in patients 
who have intraductal lesions. 

The question of how this information can be used was raised by Dr. 
Mueller, and that is a very difficult one, because in an effort to be efficient 
we have gone over to aspiration cytology to establish the diagnosis of 
breast cancer, We can diagnose 90% of our cancer patients on cytology. 
We discuss the options and we go from there. If we take this study se- 
riously, we will have to do a preliminary biopsy before going to definitive 
treatment, and we are currently thinking about that issue. 
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Selection of Operation for Esophageal Cancer 


Based on Stagıng 





DAVID B. SKINNER, M.D. 
ALEX G. LITTLE, M.D. 


MARK K. FERGUSON, M.D. 


The concept of ea bloc removal of tissue surrounding the esoph- 
agus was applied to intrathoracic esophageal cancers, and the 
first 80 cases were operated on by this technique between 1969 
and 1981. Analysis of prognostic factors showed that only pen- 
etration through the esophageal wall and lymph node spread 
influenced survival. Since 1981, a new staging system based on 
wall penetration (W) and lymph nodes (N), as well as systemic 


- metastases (M), and similar to the modified Dukes’ system for 


colon cancer has been used to select patients before and during 
surgery for en bloc resection if favorable pathology (W1, NO, or 
N1) could be anticipated. When curative resection was not at- 
tainable, based on preoperative and operative staging, a standard 
esophagectomy was considered for relief of symptoms when nec- 
essary. From July 1981 to June 1984, 68 esophageal cancers 
were referred to us, and 31 were resected by the en bloc method, 
21 by standard esophagectomy, and 16 were not resected. The 
success of preoperative staging was confirmed, as only nine of 
the 31 en bloc cases demonstrated both W2 and N2 pathology. 
The proportion of W2N2 cases subjected to en bloc esophagec- 
tomy was less (p < 0.01) than that in the preceding series. This 
selection of cases showed a favorable deviation in the survival 
curve following en bloc esophagectomy since 1981 compared to 
the earlier interval. Patients treated by en bloc esophagectomy 
had a significantly greater survival than they did following stan- 


dard esophagectomy at all time intervals after 6 months. There ' 


was no difference in hospital mortality or complications between 
the two operations. Further evidence for the value of the new 
staging system was shown by the significant difference in survival 
curves between those with favorable versus unfavorable staging 
and treated by en bloc esophagectomy. Among all cases resected 
between 1981 and 1984, 18-month survival in W1 stage was 
67% compared to 35% for W2 disease. Survival with NO disease 
was 58% versus 43% for NI stage and 21% for N2 stage. The 
favorable survival rates after en bloc resection in those with lim- 
ited (<W2N2) disease support the concept of selecting patients 
for curative surgery based on preoperative and operative staging. 
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Supported in part by the Triad Trust. 
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Preoperative radiation therapy caused a significant decline in 
patient survival at 6 and 12 months and has been abandoned. 
Adjuvant postoperative irradiation and/or chemotherapy was of- 
fered to all patients with W2, N1, N2, or M1 pathology and was 
accepted by approximately two thirds. There was no difference 
in the survival curves between those who did and did not accept 
postoperative therapy. However, in the patients with W2N2 dis- 
ease, survival between 9 and 15 months was prolonged by ap- 
proximately 6 months in those receiving postoperative treatment, 
and the difference approached statistical significance (0.1 > p 
> 0.5). Staging for esophageal cancer based on wall penetration 
and lymph node spread is valuable in determining prognosis and 
selection of treatment. For those with favorable staging, the use 
of en bloc resection for attempted cure has an acceptable mortality 
and an improved survival rate compared to those with the same 
stage disease treated by standard esophagectomy. En bloc re- 
section appears particularly worthwhile in those with limited 
spread from the primary (WIN1 and W2N0). For those whose 
staging indicates little hope for prolonged survival, resection may 
be used for palliation of dysphagia and bleeding. Adjuvant ther- 
apy is still not a proven benefit, but trials should continue in 
patients with unfavorable disease. 


SOPHAGECTOMY, as widely practiced since its 
introduction!” in the 1930s, consists of removing 
the muscular tube of esophagus and any obviously 

enlarged lymph nodes. It is generally considered to be a 
palliative operation for relief of dysphagia,’ and long-term 
survivals are often regarded as happy accidents.* 

The application of en bloc resection principles to car- 
cinoma of the cardia was introduced by Logan in 1963.° 
Extension of this concept to intrathoracic carcinomas as 
well as those of the abdominal esophagus was described 
in a series treated from 1969 to July 1981.° This analysis 
of the first 80 consecutive cases treated by en bloc eso- 
phagectomy established the feasibility of this approach. 
Although the mortality rates are comparable, en bloc eso- 
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phagectomy is a more extensive procedure than standard 
esophagectomy. Accordingly, en bloc esophagectomy 
should be selected for those with hope for long-term sur- 
vival. For those in whom only palliation can be expected, 
alternative treatment to relieve symptoms is appropriate. 
This report presents our results with preoperative and op- 
erative staging to make these treatment decisions. 

Based on a multivariate analysis of factors influencing 
the prognosis for 2-year survival with no evident disease 
(NED) in 91 patients undergoing standard or en bloc eso- 
phagectomy, only the depth of wall penetration and 
number of lymph node metastases were independent pre- 
dictors.’ Tumor size, histologic grade, cell type, and level 
within the esophagus did not independently predict out- 
come. These findings required the development and ver- 
ification of a new staging system based exclusively on wall 
penetration (W), lymph node involvement (N), and sys- 
temic metastases (M). To emphasize that wall penetration 
alone was critical among the factors describing the primary 
tumor, the symbol W instead of T was employed. WO 
was designated for neoplasms limited to the mucosa, W1 
for penetration through the submucosa and into but not 
through the muscle, and W2 for neoplasms penetrating 
full thickness. Lymph nodes were classified as NO when 
all were negative, N1 when one to four were positive, and 
N2 when five or more showed metastases. This designa- 
tion was derived from the initial study in which some 
patients with one to four lymph nodes survived NED at 
2 years, but all with five or more lymph nodes were dead 
or had recurrent disease. Since July 1981, our policy has 
emphasized staging to select patients who had disease 
more favorable than W2N2M0 as candidates for en bloc 
esophagectomy. This study assesses the impact of WNM 
staging on our complete series during the 3-year interval 
compared with the earlier series. Effects of both preop- 
erative and postoperative adjuvant radiation and/or che- 
motherapy are presented based on overall experience with 
95 resected cases previously reported from 1969 to 1981 
plus 52 resections from 1981 to 1984. 


Clinical Material 


Of 71 consecutive esophageal cancer patients referred 
to us (AGL, DBS) from July 1981 through June 1984, 
three were not included. In one, a W2N0 cancer treated 
by standard esophagectomy, insufficient records were 
available. The second excluded patient had a large squa- 
mous carcinoma involving both the right lower lobe 
bronchus and esophagus; the primary site was not defi- 
nitely esophageal. The third exclusion was a carcinoma- 
in-situ arising in ectopic gastric epithelium in the cervical 
esophagus treated by local resection without prior knowl- 
edge of the cancer. Of the 68 patients analyzed, 31 were 
treated by en bloc esophagectomy, 21 by standard or pal- 
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liative esophagectomy, and 16 without resection. Follow- 
up was complete until death or the spring of 1986. 


Age, Sex, and Race 


The age range for the 68 patients was from 31 to 78 
years with a mean age of 58.5 and median of 59 years. 
Fifty-two were male and 16 female. Patients were equally 
distributed by age and sex among the three treatment 
groups. Sixty patients were white and eight were black. 
All eight black patients had squamous cell carcinomas, 
and their average age was 54.5, with a median of 52 years. 


Cell Type and Location 


One half or 34 carcinomas were squamous cell, and 34 
were adenocarcinoma of the esophagus, defined as a can- 
cer with its center and presumed site or origin within the 
muscular tube of esophagus. Cancers in which the center ` 
was within the stomach but encroaching on the cardia 
were classified as gastric and were not included in this 
report. Among the 34 adenocarcinomas, 14 arose in 
metaplastic glandular epithelium (Barrett’s esophagus), 
extending for 3 cm or more within the distal tubular 
esophagus.® Approximately one half of the squamous (16) 
and Barrett’s (8) carcinomas were treated by en bloc eso- 
phagectomy, but only one third (7) of the other adeno- 
carcinomas were suitable for attempted curative surgery. 
The more advanced state of adenocarcinomas in the distal 
esophagus when diagnosed has been noted previously.’ 

Thirty-three cancers were in the distal one third of 
esophagus, 31 in the midesophagus, and four in the upper 
or cervical esophagus. Approximately one half of those 
in the upper (2) and midesophagus (16) were suitable for 
en bloc esophagectomy but fewer (13/33) distal cancers 
were potentially curable, again reflecting their more ad- 
vanced state at presentation. 


Classification by Wall Penetration and Lymph Node In- 
volvement Versus Conventional Staging 


Based on pathologic analysis of resected specimens, the 
52 resected cases were assigned to W, N, and M categories 
(Table 1). Six showed neither full thickness wall penetra- 
tion nor involved lymph nodes (WINO). By American 
Joint Commission (AJC) staging,’ three were classified as 
stage I, with negative lymph nodes and a primary tumor 
less than 5 cm that was not obstructing or circumferential. 
Three were stage II, as the primary tumor was 6 X 8 cm 
in one instance, and the other two were circumferential 
and obstructing when diagnosed. By AJC staging, all 46 
remaining cases were stage III, based on penetration out- 
side the wall of the esophagus or positive intrathoracic or 
abdominal lymph nodes. 

Among the 31 cases selected for en bloc esophagectomy, 
only nine (29%) had both full thickness wall penetration 
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TABLE 1. WNM Staging in Resections (All MO Unless Noted) 


Resections WINO WINI 
1981-1984 En bloc 3 3 

Standard 3 0 
1969-1981 En bloc 18 8 

Standard 0 0 


% W2N2 + M! en bloc vs. standard 1981-1934, p < 0.05. 


and five or more lymph nodes positive. Among those un- 
dergoing palliative resection, 12 (57%) had either W2N2 
or known M1 disease at the time. The proportion of fa- 
vorable cases selected for en bloc resection was significantly 
greater (p < 0.05) than for standard esophagectomy, in- 
dicating the relative accuracy of the preoperative and in- 
traoperative staging. 

Of the 11 patients with W1, NO, or N1 disease treated 
by standard resection who might have been candidates 
for en bloc esophagectomy, the reasons for choosing the 
lesser resection varied. In one the preresection diagnosis 
was benign stricture. Two patients had been treated re- 
cently for other primary cancers and were not certain to 
be disease free. In three patients the lesser resection was 
chosen for medical reasons: marked obesity in an elderly 
patient, severely restricted pulmonary function in a sec- 
ond, and pneumonitis after preoperative radiation in the 
third. In five patients the final decision to perform a stan- 
dard esophagectomy for palliation was based on operative 
findings that lymph nodes were positive at the planned 
resection margins or that the tumor was attached to ad- 
jacent vital structures or that liver metastases were found. 
In these five incurable cases, the final pathology staging 
was W2N1. 

Among the 16 unresected cases, four had malignant 
tracheoesophageal fistula. Six had systemic metastases. 
Five were unresectable at exploration. One patient was 
deemed inoperable because of advanced atherosclerosis 
and died from a stroke 5 months later. 


Investigations 


Prior to a treatment decision, an extensive evaluation 
was carried out to assess the patient’s suitability for major 
surgery and to stage the extent of tumor. Chest x-ray, 
barium swallow, and esophagoscopy with biopsy were ob- 
tained routinely for confirmation of the esophageal neo- 
plasm but contributed little to WNM staging. Chest ra- 
diography showed pulmonary nodules in four patients, 
but two were benign and two metastatic, emphasizing the 
need for a tissue diagnosis of solitary pulmonary nodules. 
“In two patients pneumonitis was seen before operation, 
and both died after operation from pneumonia. An upper 


Stage 
W2N0 W2NI W1, 2N2 Total 
3 13 9 31 
3 5 (2M1) 10 (3M1) 21 
11 19 24 80 
2 (1M1) 7 


6 (4M1) 15 


% W2N2 en bloc 1981-1984 ys. 1969-1981, p < 0.01. 


gastrointestinal radiographic study and barium enema 
were obtained to determine the suitability of stomach or 
colon for esophageal replacement. 


. Preoperative Staging 


In AJC staging, a circumferential or obstructive tumor 
is a criterion for stage II disease. A stricture was reported 
on 19 barium swallow examinations, but three proved to 
have less than full thickness wall penetration. A circum- 
ferential or obstructing tumor was seen at esophagoscopy 
in 26 examinations, but four of these tumors proved to 
be W1. Accordingly, circumferential or obstructing tumor 
did not always indicate a more advanced neoplasm. The 
finding of axis deviation or angulation on full length bi- 
plane barium swallow has been proposed by Akiyama as 
an indicator of mediastinal penetration. !? Although these 
views were not obtained consistently, a deviated axis was 
found in eight patients, and all demonstrated mediastinal 
spread. 

Azygos venography was done in 55 patients. The study 
was normal in six with W1 disease. Thirteen of 36 studies 
were positive in W2 resected patients demonstrating 
compression or displacement of the azygos vein, and in 
four of 13 unresectable patients. When the azygos vein 
was compressed, obstructed, or deviated, this was a strong 
indication of full thickness wall penetration of the tumor, 
but the test was not very sensitive. 


Computed Tomography (CT) 


A CT scan of the chest and upper abdomen was per- 
formed in 63 cases. Full thickness wall penetration was 
suggested by irregular or indistinct esophageal borders in 
36 resected cases, and 35 had W2 disease. Ten of 15 un- 
resectable cases showed CT evidence suggestive of wall 
penetration. There was only one false-positive assessment 
of wall penetration by this technique. Lymph nodes >2 
cm in diameter were noted in ten CT scans of resected 
cases, and each patient had positive lymph nodes. Further 
detailed analyses of CT scan findings in resected specimens 
are necessary to validate this technique, but it appears the 
most promising method for staging. | 
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Radionuclide Scanning 


Gallium 67 scintigraphic tomography was done in 49 
patients. The gallium scan imaged the primary tumor in 
20 instances including five unresectable and 15 resectable 
cases. Among the latter, 14 had full thickness wall pene- 
tration indicating a high likelihood of W2 disease when 
gallium is taken up in the primary tumor. Metastatic dis- 
ease was detected in three patients by the gallium scan. 

A liver spleen scan was done in 28 patients but con- 
tributed little, as only two scans were positive for metas- 
tases, one of which was also shown by CT scan. In the 
sole instance in which the liver spleen scan detected an 
adenocarcinoma, metastasis was confirmed at surgery, but 
a palliative resection was still performed. 

Bone scan was obtained in 59 patients and was abnor- 
mal in five out of 15 with unresectable disease, including 
two in whom it was the only indicator of systemic me- 
tastases. Among 44 bone scans in resected cases, there 
were three false-positives from arthritis identified by ap- 
propriate bone radiographs and one true-positive in a pa- 
tient who received a palliative resection to relieve dys- 
phagia. The bone scan had a limited but important role 
by detecting unsuspected systemic metastases in 5% of 
studies. 


General Health Status 


The cardiovascular and respiratory systems were in- 
vestigated prior to a decision about major surgery. Fifteen 
of the 68 patients had evidence of cardiovascular disease, 
and six had restricted pulmonary function. There were 
no significant differences in cardiopulmonary risk factors 
among the three groups. Based on nutritional evaluation, 
preoperative parenteral nutrition or tube feedings were 
given for 7-10 days before operation to || patients. After 
operation, 12 patients received nutritional support using 
needle catheter jeyjunostomies. Preoperative hospitaliza- 
tion for investigations and preparation averaged 8 days 
(2~24) for patients undergoing resection and 10 days (5- 
18) for unresectable patients. 


Choice of Treatment and Operative Staging 


When preoperative staging unequivocally showed ex- 
tensive disease, e.g., metastases (M1) or both neoplasm 
extending beyond the esophagus and multiple nodal me- 
tastases (W2N2), the treatment decision was based solely 
on providing palliation. A standard esophagectomy or 
nonoperative therapy was chosen, depending on the de- 
gree of dysphagia bleeding or other symptoms. When pre- 
operative staging suggested that curative resection might 
be possible, operative staging was used to determine the 
type of esophagectomy to be done, en bloc or standard. 
When confirmed by biopsies and frozen sections, metas- 
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tases, spread of the tumor beyond the limits of en bloc 
resection, or involved lymph nodes 10 cm beyond the 
tumor were used as determinants of surgical incurability 
and indications for standard or palliative esophagectomy. 


Surgical Treatment 
En Bloc Esophagectomy 


The technique for en bloc esophagectomy is described 
in detail elsewhere. The operation is more extensive than 
standard esophagectomy in that it includes the right and 
left parietal pleura and the pericardium where these nat- 
ural anatomical barriers abut on the esophageal muscle. 
All tissues between the esophagus and aorta or vertebral 
bodies are resected in continuity with the esophagus, in- 
cluding removal of the thoracic duct, azygos vein, seg- 
ments of the right intercostal arteries, and right and left 
intercostal vein segments on the anterior vertebral bodies. 
This dissection provides an envelope of tissue surrounding 
the esophagus, which itself is not seen except at the upper 
and lower limits of the dissection. Based on pathology 
studies demonstrating the potential for submucosal spread 
for up to 10 cm,"! the dissection is carried 10 cm, or what- 
ever lesser amount is available proximally, and 10 cm 
distally. Recognizing the multifocal nature of squamous 
carcinoma, a subtotal esophagectomy with cervical anas- 
tomosis is routinely performed. 

For carcinomas arising at least 10 cm caudal to the 
aortic pulsation on endoscopy, the resection is performed 
through a left thoracotomy. The diaphragm is detached 
peripherally; the omentum, spleen, retroperitoneal lymph 
nodes from the celiac axis into the hiatus, and a cuff of 
diaphragm muscle surrounding the hiatus are resected. 
Ten centimeter margins from the tumor on the lesser and 
greater curvature of the stomach are obtained. If the tumor 
extends for any distance down the lesser curvature into 
the stomach, a total gastrectomy may be included (2 cases). 
Ifthe 10 cm proximal margin can be achieved comfortably 
below the aortic arch in cases of adenocarcinoma, and all 
of the Barrett's epithelium is encompassed, an intrathor- 
acic anastomosis may be made just below the aortic arch. 
Otherwise, the esophagus is dissected up to the neck for 
a cervical anastomosis. 

For tumors closer than 10 cm to the aortic arch, the 
resection is performed through a right thoracotomy and 
carried to the neck. A cervical anastomosis is made 
through a separate incision. An abdominal incision is 
made in addition to the nght thoracotomy when necessary 
to mobilize the colon or stomach for replacement. In three 
instances advancement of the stomach through the hiatus 
without laparotomy was performed, as described by Belsey 
and Hiebert.‘ 

In this series, 14 en bloc resections were done through 
a left thoracotomy and 16 through a right thoracotomy. 
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In one thin patient with a small carcinoma of the abdom- 
inal esophagus, the 10 cm en bloc dissection was achieved 
through the hiatus via an abdominal incision, and the rest 
of the esophagus was removed without thoracotomy. Re- 
construction was achieved by advancing the stomach in 
24 cases and isoperistaltic left and transverse colon in 
seven cases. The anastomosis was made in the neck in 25 
procedures, including all cases of squamous carcinoma. 


Standard Esophagectomy 


A palliative esophagectomy was carried out by dissect- 
ing on the esophagus and removing any obviously en- 
larged lymph nodes. No effort was made to remove pleura, 


‘pericardium, thoracic duct, dorsal mesoesophagus, or 


azygos venous system. The choice of left or right- thora- 
cotomy was based on the location of the tumor. In nine 
instances (4 W2N1, 5W2N2), we started the procedure 
with the intent of performing en bloc esophagectomy, but 
operative staging led to recognition that the operation 
could only be palliative; thus, the more limited resection 
was done. A standard esophagectomy was the initial intent 
in six patients with potentially favorable disease who had 
the limited resection for reasons mentioned. previously, 
and in six for relief of severe dysphagia. Standard eso- 
phagectomies were done through a left thoracotomy in 
15 patients and right thoracotomy i in six (3 without lap- 
arotomy). Stomach was used by preference for recon- 
struction in these instances, as it was faster and involved 
fewer anastomoses. Colon was used in only one instance. 
A cervical anastomosis was made in 11 of the 21 cases. 


Unresectable Cases 


Among the 16 unresectable carcinomas, substernal by- 
pass was- created i in six, using colon i in four and stomach 
in two. The reason for the bypass was tracheoesophageal 
fistula in. four patients and relief of dysphagia in two pa- 
tients with unresectable tumors. The esophageal anasto- 
moses were all made in the neck. Thoracotomy was done 


’ in hopes of resecting the tumor in three patients, but this 


could not be achieved. Since they did not have severe 
dysphagia, no bypass was done. In the remaining seven 
patients the extent of the disease was established by node 
‘biopsies, cervical exploration, bone biopsies, limited lap- 


grotomy, or lung nodule biopsies. 


Oni Outcomes 


All anastomoses employed a single layer running suture 
technique using 5-0 monofilament wire in 50 and 4-0 
Prolene® in eight. There were three anastomotic leaks (5%) 
in the 58° esophageal anastomoses, one each in the en 
bloc, palliative, and bypass groups. One leak was asymp- 


‘tomatic and a pmomapine finding only. The other two 
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resulted in fistulas. All three leaks were in the neck and 
involved the stomach twice and colon once. 


En Bloc Esophagectomy 


Three patients (9.7%) died during the postoperative 
hospitalization, including two within the standard 30-day 
reporting interval (6.5% 30-day hospital mortality). Hos- 
pital deaths were due to leakage plus pneumonia and sepsis 
in one; a second patient died following shock and reop- 
eration for postoperative bleeding; and a third who had 
pneumonitis before operation died from pneumonia dur- 
ing the second month of hospitalization. Fiye other pa- 
tients were initially. discharged after operation but died 
within 6 months (26% 6- month mortality), three from 
recurrent cancer, one from a massively bleeding gastric 
ulcer, and one from pneumonia. 

Among the 28 initial hospital survivors, .16 had-an-un- 
complicated course, and one or more complications oc- 
curred in 12 patients (43%). These included pneumonia 
in six, which led to respiratory insufficiency requiring tra- 
cheostomy in two. Four had significant atelectasis. Five 
patients had arrhythmias requiring treatment. Three pa- 
tients had persisting pleural effusion requiring prolonged 
or reinstituted chest tube drainage. One patient had a 
wound dehiscence requiring reoperation. One had late 
postoperative bleeding requiring re-exploration on the 
third day, and another developed an infection around a 
feeding jejunostomy tube, i 


Palliative Resections 


There was one death (5%) during initial hospitalization 
after palliative resection in a patient with preoperative 
chronic pneumonitis following radiation and chemother- 
apy. Six other patients died within 6 months (33% 6- 
month mortality), including four from metastatic cancer, 
one from sujcide, and one from hemorrhage during post- 
operative radiotherapy. 

Ten of 20 patients had no complications. Four had 
persistent pleural effusions requiring reintubatjon, and in 
one a chylothorax required reoperation for thoracic duct 
ligation. Three patients had arrhythmias requiring treat- 
ment, one had severe pneumonia, and two had significant 
atelectasis. Two patients had yocal chord palsies. One de- 
veloped a deep wound abscess requiring reoperation, and 
a leak was found from the sutured gastric stump. 


Bypass Procedures and Unresectable Cases 


There were no hospital deaths from the bypass proce- 
dures or operations in unresectable cases. The 6-month 
mortality rate was 63% (10/16). Two of the six patients 
with substernal bypasses had no complications. One de- 
veloped an anastomotic fistula. One had a persistent lym- - 
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Fic. 1. Comparison of survival after en bloc versus standard esophagec- 
tomy during 1981-1984. Survival curves are determined by actual sur- 
vival for 24 months and by actuarial method thereafter. The curves di- 
verge significantly by 9 months. 


phatic leak and required surgical ligation of the thoracic 
duct. One had severe pneumonia requiring tracheostomy 
and respiratory support, and one had a subcutaneous 
wound infection. Fourteen of 16 were treated by radiation 
and/or chemotherapy. Two have survived for 2 and 3 
years after diagnosis. 


Final Pathology and Correlation of Preoperative and Op- 
erative Staging 


All specimens were examined for size of the primary 
tumor, cell type, degree of differentiation, wall penetra- 
tion, margins, and numbers of involved lymph nodes. 
(See Table | for WNM classification.) Preoperative and 
operative staging combined was 75% (39/52) accurate for 
presence or absence of wall penetration, and there were 
no instances of overstaging. Twelve cases with negative 
lymph nodes were correctly staged before and during op- 
eration. Combined preoperative and operative staging 
predicted the lymph nodes’ status accurately in 27 of 52 
cases (52%). In 22 cases the lymph nodes were understaged 
before resection, and the three overstaged (N I) cases were 
still judged to be incurable. | 

Histological grading of tumors did not correlate with 
wall penetration, lymph node metastases, or survival. 
Among eight specimens evaluated to be W1 disease and 
in which histological grading was reported, four were 
poorly differentiated, and only one was well differentiated. 
Eleven of 12 well-differentiated cases demonstrated full 
thickness wall penetration. Grading did not correlate with 
lymph node metastases. In 11 NO cases in whom grading 
was reported, four were poorly differentiated, three were 


Ann. Surg. » October 1986 


moderately differentiated, and four were well differen- 
tiated tumors. In the 12 patients with well differentiated 
tumors, six were N2. 

Similarly, tumor size did not predict the W and N clas- 
sifications. Of four tumors less than 2 cm in greatest di- 
ameter, three penetrated completely through the esoph- 
ageal wall. Three of these small primary tumors had from 
two to ten positive lymph nodes in the en bloc resected 
specimens. On the other hand, two Wi tumors were 
greater than 5 cm in diameter, and four tumors greater 
than 5 cm had negative lymph nodes. These findings con- 
firmed observations from our earlier series that tumor 
histology and size did not correlate well with wall pene- 
tration, positive lymph nodes, or survival.’ 

Lymph node staging was not affected by the total num- 
ber of nodes examined in the specimens. For those clas- 
sified as NO, an average of 31 (4-78) nodes were inspected. 
N1 cases had an average of 24 (4-60) nodes, and those ` 
with N2 disease had a mean of 34 (18-61) nodes examined 
microscopically. Among en bloc esophagectomy speci- 
mens, an average of 32 (9-78) nodes were identified com- 
pared to 24 (4-53) in palliative resections. 


Survival Data 


Absolute survival curves for patients treated by en bloc 
esophagectomy compared to standard esophagectomy 
during the 1981-1984 interval are shown in Figure 1. By 
9 months after operation, the curves diverge (p < 0.05). 
One-year survival after en bloc resection is 65% (20/31), 
significantly greater (p < 0.025) than the 33% (7/21) sur- 
vival after standard resection. At 18 months the differences 
are 55% versus 14% (p < 0.005). 

Among patients with W1, NO, or N1 disease, survival 
after en bloc resection was 64% (14/22) at 12 months 
compared to 45% (5/11) for palliative resection. At 2 years 
the difference was 41% versus 9%. Of nine W2N2 cases 
treated by en bloc esophagectomy, three were living at 2 
years compared to none of ten for palliative resection. 

The effect of wall penetration is demonstrated by 67% 
(6/9) survival at 18 months for all W1 resected cases com- 
pared to 35% (15/43) in W2 stage. For en bloc esopha- 
gectomy 18-month survival was 83% for WI versus 52% 
for W2. The effect of positive lymph nodes is illustrated 
in the whole group of 52 resections by 58% (7/12) 18- 
month survival in those with negative lymph nodes com- 
pared to 43% (9/21) in NI and 21% (4/19) for N2 disease. 
Among en bloc esophagectomies, 18-month survival was 
83% for NO, 53% for Ni, and 43% for N2. 


Comparison of 1981-1984 Series to 1969-1981 Series 


As previously reported,® 80 patients out of 181 referred 
between 1969 and July 1981 were treated by en bloc eso- 
phagectomy and 15 by palliative resection. Forty-five per 
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cent of patients in both series were treated by en bloc 
esophagectomy, but the percentage of palliative resections 
increased from $ to 31%, and the total resectability i in- 
creased from 53 to 77%. Recent emphasis on preoperative 
separation of potentially curable versus incurable cases 
permitted selection of appropriate palliation, which was 
often surgical resection. In past years, surgery was avoided 
if a patient appeared to have advanced disease, but the 
value: of resection to relieve obstruction and bleeding in 
incurable cases is now accepted. 

Influence of staging on the results of en bloc esopha- 
gectomy is illustrated in Figure 2. Thus far, no patient 
without evident recurrence at 3 years’has subsequently 
developed a recurrence or died of cancer. The difference 
in survival curves between en bloc esophagectomy during 
1981-1984 versus 1969-1981 approaches statistical sig- 
nificance at 18 months, at which time 55% (17/31) were 
alive i in the recent series compared to 36% (29/80) in the 
earlier experience (0.10 > p> 0. 05). Several reasons might 
be offered for this improvement, but it is most likely that 
this is attributable to the increased accuracy in selecting 
potentially curable cases. Could more favorable cases be 
included in the recent experience? The reverse is true and 
accounts for the higher proportion of palliative resections 
in recent years. Comparing the percentage of WINO, 
WINI, and W2N0 cases among total resections, there are 
fewer vora ig cases in each category during 1981-1984, 
15 of 52 (29%) compared to 40 of 95 (42%). Since the 
proportion of unfavorable cases is higher in the recent 
series, the impact of better survival for en bloc esopha- 
gectomies is diluted. Nevertheless, the overall survival 
curves in the two series are almost identical, although 
fewer cases were resected in the earlier series (53% 
vs, 77%). | 

Another variable could be adjuvant therapy. Early in 
the 1969- 1981 series, patients were entered into a trial of 
preoperative radiation therapy. The 30-day hospital mor- 
tality was not increased, but, since survival at 1 year was 
significantly less for those receiving radiation, the trial 
was terminated. However, patients ‘continued to be re- 
ferred for possible resection after having received radio- 
therapy. Among the 147 resections done during the 15- 
year span, 18 patients had preoperative irradiation and 
129 did not. The proportion surviving the first 30 days 
was identical at 89% versus 90%, but by 6 months only 
39% of irradiated patients were alive compared to 74% 
resected without preoperative radiation (p < 0.001). By 
12 months survival was 22% versus 54% (p < 0.001), and 
at 18 months only two of 18 (11%) treated by radiotherapy 
before resection were alive compared to 49 of 129 (38%). 
Ironically, a greater proportion of favorable, i.e., W1NO, 
W2N0, and WIN1, cases were included in the preoper- 
ative irradiation group. The greater use of preoperative 
irradiation with its adverse effects in the earlier series might 
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Fig. 2. Comparison of survival after en bloc esophagectomy during 1969- 
1981 to survival after the same operation during 1981- 1984 when staging 
was used to select patients. The separation of the curves at 18 months 
approaches significance (0.01 > p> 0. 05). Survival date is complete and 
actual for the 1969-1981 curve and for the first 24 months of the 1981- > 
1984 curve. 


have had some bearing on the more favorable results ob- 
tained during 1981-1984 when preoperative irradiation 
was used in only three individuals. 

Using the combined series, the validity of the WN stag- 
ing system can be demonstrated more convincingly (Fig. 
3). Since operative mortality was scattered randomly 
among the stages, and since preoperative radiation had 
an adverse effect and was used proportionately more in 
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Fic. 3. Survival data illustrating the effects of WN staging in en bloc 
esophagectomy cases (1969-1984). Because postoperative deaths and 
the high mortality following preoperative irradiation are not related to 
staging, they are excluded. All cases are MO. 
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Fic. 4. Comparison of survival in patients who did or did not accept 
recommendations for postoperative chemotherapy and/or radiotherapy 
after either en bloc or standard resections (1969-1984). Excludes WI NO, 
3-month mortality, and preoperative radiotherapy cases. Eligibility for 
postoperative therapy is discussed in the text. 


favorable stages, the analysis was done excluding operative 
mortality and preoperative irradiation cases. Following 
en bloc esophagectomy, actuarial 3-year survival was 
WINO (71%), WINI (55%), W2NO (44%), W2N1 (8%), 
and WIN2/W2N2 (4%). (WINO, WINI, W2N0_ ys. 
W2N1, WIN2, W2N2; p < 0.001.) At 5 years the com- 
parable percentages were 55, 29, 15, 8, and 0%. 
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Fic. 5. Survival in patients with W2N2 stage disease who met eligibility 
for recommended postoperative chemotherapy and/or radiotherapy, 
comparing those who did with those who did not accept treatment (1969- 
1984). At 10 months the divergence approaches significance (0.01 > p 
> 0.05). In the interval between approximately 9 to 15 months, those 
treated survived approximately 6 months longer, but nearly all were 
dead by 2 years. 
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Postoperative Adjuvant Therapy 


After termination of the preoperative radiotherapy trial, 
postoperative irradiation, usually 4500 rads, was recom- 
mended for patients with positive lymph nodes or full 
thickness wall penetration. Beginning in 1976, adjuvant 
postoperative chemotherapy was added to radiotherapy 
for this group. This was not accepted by all patients, but 
participation has increased such that 34 of 39 eligible pa- 
tients during 1981-1984 began the treatment program. 
Patients were excluded because of W1 NO staging or early 
death within 3 months of surgery before any effect of ther- 
apy could be expected. Those having preoperative irra- 
diation were not included in the analysis. 

In the complete series, 94 patients were regarded as 
eligible, and 63 actually began the postoperative treat- 
ment. Details of treatment and the patient’s ability tc 
complete therapy are discussed elsewhere.'* In general, a 
three-drug protocol of 5-fluorouracil, Adriamycin®, and 
mitomycin C or methyl-CCNU was used for adenocar- 
cinoma. Bleomycin with methotrexate or cisplatinum was 
the common protocol for squamous carcinoma. Postop- 
erative irradiation was generally given prior to chemo- 
therapy. Comparisons of survival between the 63 who 
received postoperative treatment and the 31 that did not 
are shown in Figure 4. The widest separation is at 12 
months when 67% of treated patients survived compared 
to 55% without treatment (not significant). Among those 
treated by en bloc esophagectomy, 49% are surviving at 
18 months in the treated group compared to 46% in the 
untreated group. The use of postoperative adjuvant che- 
motherapy did not explain the improvement in survival 
following en bloc esophagectomy in the recent series. 

The only encouraging indicator for some effect of post- 
operative adjuvant therapy was seen in the 36 W2N2 pa- 
tients treated by either type of resection. Among 23 in 
whom adjuvant therapy was given after surgery, 12 (52%) 
were alive at | year compared to 23% (3/13) who did not 
receive adjuvant therapy. Median survival was prolonged 
from 7 to 13 months (Fig. 5). Although the numbers were 
too small to be significant, this difference suggested the 
potential for postoperative treatment to shift survival 
curves in favor of prolongation of life. However, by 2 
years nearly all patients in both groups were dead. 


Discussion 


Experience with the WNM method of analyzing 
esophageal carcinoma demonstrates the merits of this 
staging system compared to conventional AJC staging, 
which places more emphasis on tumor size and clinical 
presentation. As in our previous analysis, this study con- 
firms that only wall penetration (W) and lymph node sta- 
tus (N) independently influence survival. Tumor size, 
histologic grading, level within the esophagus, and cell i 
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type do not influence prognosis. To allow comparison of 
results for different types of preoperative, operative, and 
postoperative therapy, we urge that others adopt this stag- 
ing system. Similarities of this staging system to the Astler- 
Coller modification of the Dukes’ staging system for co- 
lorectal cancer are obvious. The results are attempted cu- 
rative resection of esophageal cancer can be presented in 
comparison with the results of colorectal resections (Table 
2). In this comparison, data reported by Copeland et al.!? 
are used as an example of colorectal cancer results. 

The value of en bloc resections for potentially curable 
esophageal cancer is confirmed by this experience. Sur- 
vival is significantly greater in patients treated by en bloc 
compared to standard esophagectomy. The 44% and 50% 
3-year survival rates and 15% and 27% 5-year survival 
rates achieved in patients with W2NO or WIN! disease 
are unlikely to be obtained by an esophageal resection 
limited to the esophagus and obviously involved lymph 
nodes. It is difficult to construct a satisfactory randomized 
trial among en bloc esophagectomy, standard esophagec- 
tomy, or esophagectomy without thoracotomy, as the 
greater extent of tissue removed in the en bloc resection 
inevitably results in more accurate staging. 

Another observation favoring the more complete re- 
gional extirpation of the disease in selected patients is the 
low incidence of mediastinal or anastomotic recurrences. 
In the earlier series, only three of 71 patients surviving en 
bloc esophagectomy had a localized recurrence in the 
anastomosis or dissected mediastinum. Among the more 
recent series, two of 29 patients had a mediastinal or tra- 
chea wall recurrence in the region of the en bloc esopha- 
gectomy, giving an overall regional recurrence rate of only 
5% (5/100). 

The low long-term survival following any esophagec- 
tomy in patients with W2N2 disease argues for selecting 
patients for either curative or palliative treatment by pre- 
Operative and operative staging. This approach results in 
a selection of favorable cases for en bloc esophagectomy, 
and influences survival rates favorably. For staging the 
CT scan is likely to emerge as the single most important 
method, but more experience is required in its interpre- 
tation and comparison of CT findings with operative and 
pathology findings. Azygos venography and gallium scan 
offer confirmatory evidence for W2 disease but lack the 
sensitivity that may be achieved by the CT scan. 

Although mortality from en bloc resection is not in- 
creased compared to the mortality for standard esopha- 
gectomy in this series or other reported results, the more 
extensive curative operation should be restricted to pa- 
tients who can benefit from it. Some assessment of the 
relative magnitude of standard versus en bloc esophagec- 
tomy can be offered. Median blood loss for the two op- 
x erations is identical in this series, but the risk of major 
~ hemorrhage is greater during en bloc esophagectomy, as 
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TABLE 2, Five-vear Survival after Resection 





Esophageal Cancer 


Colon Cancer WNM System-En Bloc 


Dukes-Astler-Coller'+ Resection 
Category % Category % 
A 74 WONO 
B! 65 WINO 55 
R2 43 W2N0 15 
C! 53 WINI 27 
WIN2 
C2 15 W2NI 8 
W2N2 4 





reflected in an average blood loss of 2.4 L compared to 
1.5 L for standard esophagectomy. The median transfu- 
sion requirement was 4 units for the more extensive op- 
eration compared to 3 for standard esophagectomy. Op- 
erating time averaged | hour and 10 minutes longer for 
en bloc resection. The median duration of intensive care 
following standard esophagectomy was 3 days compared 
to 5 days for en bloc esophagectomy, and the median 
postoperative hospitalization for standard esophagectomy 
was 13 days compared to 17 days. In this era of medical 
cost accounting, the need to reserve the more costly but 
potentially curative operation for appropriate patients is 
evident. Since much of the preoperative staging can be 
done prior to hospitalization, staging to achieve cost ef- 
fective case selection is warranted. 

Another benefit of careful preoperative staging is the 
identification of patients who are not candidates for cure. 
This focuses the clinical decision making on the most 
appropriate means to palliate symptoms and emphasizes 
the importance of symptoms in this analysis. For patients 
who have little dysphagia but systemic disease, a resection 
has little to offer, and primary radiation or chemotherapy 
can be started after the metastases are confirmed. On the 
other hand, since a patient with severe obstruction is likely 
to continue to have dysphagia, palliative resection is jus- 
tified. For institutions participating in trials of preoperative 
or “neoadjuvant” therapy, the selection of patients who 
may be curable by surgery alone is important. Those who 
have a chance at cure should not be subjected to the risks, 
discomfort, and costs of preoperative therapy that is un- 
likely to improve results in the more favorable categories. 
Trials of experimental treatment should be restricted and 
are justifiable only in those in whom staging indicates no 
likelihood of cure by conventional therapy. 

Although this experience does not prove the benefits 
of postoperative adjuvant radiation and chemotherapy, 
it does suggest a trend in favor of treating patients with 
unfavorable W2N2 esophageal cancer. More detailed 
analyses, revised protocols, and randomized trials are in- 
dicated. 
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DISCUSSION 


DR. TOM R. DEMEESTER (Omaha, Nebraska): I appreciate the op- 
portunity to discuss this paper and wish to congratulate Dr. Skinner for 
a clear presentation on the staging and application of radical esopha- 
gectomy for carcinoma of the esophagus. 

Back in 1982 Dr. Dowlatshahi, Dr. Skinner, and I published the paper 
in Cancer that he alluded to, in which we evaluated the prognostic factors 
important in survival from carcinoma of the esophagus (Cancer 50:2571), 
Two independent factors emerged as being predominantly important: 
penetration of the esophageal wall by the tumor and the presence of 
lymph node metastasis. Today Dr. Skinner has refined these observations 
by showing that there is a difference in survival between patients with 
no lymph node metastasis, with less than five metastatic nodes, and with 
more than five. 

(Slide) Since 1981 he has performed a radical resection in 31 patients 
who before operation were thought to have goad prognostic factors and 
has shown the relative success of preoperative staging, in that only seven 
of the 31 patients had poor prognostic factors, that is, both wall pene- 
tration and the presence of more than five metastatic nodes. During the 
same period, I performed a radical resection on ten patients similarly 
suspected of having good prognostic factors. Only two of the patients 
subsequently were shown to have poor prognostic factors with wall pen- 
etration and more than five lymph nodes positive. This compares fa- 
vorably with the seven of 31 patients he has observed. Both patients are 
alive and free of disease 21 and 37 months following surgery; this supports 
the principle of a radical resection. Among the ten patients there have 
been two deaths, one from recurrent tumor and one from a cerebrovas- 
cular accident. The remainder are alive and free of disease, four of whom 
have survived more than 3 years. This experience is supportive of Dr. 
Skinner’s concept that en bloc radical resection is worthwhile in patients 
with limited disease. 

(Slide) I have two thoughts I would like him to comment on. First, 
since there is a high probability of cure in these patients, the surgical 
therapy should not be compromised by inadequate resection of the 
stomach, and the problems associated with long-term esophagogastrec- 
tomy should be avoided. For this reason we have used the left colon to 
re-establish gastrointestinal continuity between the remaining antrium 
after an 80% gastric resection and the cervical esophagus. | would like 
to hear his comments concerning why he retains the stomach to establish 
gastrointestinal continuity. 

Second, since the operation is of considerable magnitude, we have 
limited its use to patients under the age of 75 and prefer only palliative 
resection, regardless of the stage of disease in patients over that age. I 
would appreciate his comments on this as well. 


DR. JEROME J. DECOSSE (New York, New York): | would like to 
thank the authors for the opportunity to read the manuscript and thank 
them for an outstanding contribution. | want to make two points, which 
can be derived from the presentation. 
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They have highlighted a larger issue in the treatment of gut cancer, 
namely, the significance of full-thickness penetration. They have illus- 
trated the consequences of full-thickness penetration in the esophagus 
in decreasing survival. That is equally true in the stomach, where serosal 
penetration sharply reduces survival, and it is certainly true in the large 
bowel where Basil Morson has demonstrated solidly that full-thickness 
penetration increases fivefold the likelihood of lymph node metastases. 
It is probably also true in the oral pharynx. 

Secondly, the authors have raised the interesting, difficult, challenging, 
and generic issue that an attempt to individualize treatment requires 
accurate pretreatment clinical staging in areas in the gut where our tra- 
ditional staging depends on a specimen and perforce an operation. 

It is of interest in the author’s data that tumor size does not predict 
in the esophagus, and this is also true in the large bowel, that histology 
does not predict in the esophagus but seems to in the large bowel, and 
that the CT scan appears very useful in the esophagus but seems to be 
less so in the large bowel. Progress is necessary in this area if you wish 
to consider individualization in terms of surgery or in terms of adjuvant 
treatments. 


Dr. WALTER LAWRENCE, JR. (Richmond, Virginia): I, too, very much 
enjoyed reading this paper. Also, I was particularly impressed by Dr. 
Skinner’s presentation, in which he covered so many fascinating concepts 
regarding the approach to selecting a patient for a palliative versus a 
curative operation. Since I am not an esophageal surgeon per se, I would 
like to concentrate my remarks on the concepts of staging that he has 
discussed. 

When I read the abstract, and when I had the pleasure of reading the 
paper, I felt very confused at first about this staging system. I think his 
presentation has reduced my confusion somewhat, but | have some con- 
cerns. 

First of all, when we look at Oliver Beahrs’ AJCC Manual on Staging, 
the bible for everybody who works with cancer, there are a number of 
things we are trying to do. First, we wish to have a common language. 
Second, we want to be able to use staging to pick the best treatment for 
the individua! patients. Third, we want to have some prognostic indices. 

For those of us who treat breast cancer, head and neck cancer, anal 
and cervical cancer, the TNM system is great. Ahead of time, we can 
tell a lot of things about the individual cancers because they are accessible. 
The trouble with all the visceral cancers, colon, stomach, and esophagus, 
is that it 1s difficult to define T or N for these lesions. The practical fact 
is that it is hard to tell, ahead of the operation and before the treatment, 
what the stage is and what the treatment ought to be. The way I see this 
is that if we can end up with a preoperative staging approach that does 
not require surgery, such as using CT more effectively, then possibly we 
can select nonoperative palliative treatments for the appropriate clinical 
situations, I think that would be the optimum. 


I find some difficulty suddenly accepting WNM, this new staging no- y 


menclature. If a common language is what we want out of staging, we 
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have to talk Dr. Skinner into taking this interesting information and 
these interesting ideas on preoperative staging and make an improved 
TNM out of it, instead of a WNM. Actually, when he uses the Dukes’ 
analogy, I think he is incorrect. The Dukes’ analogy is applicable to the 
postsurgery pathologic staging classification, and that is not an appropriate 
staging system for the preoperative decision of surgical versus palliative 
approach at the outset. It also is no help these days for decisions regarding 
adjuvant chemotherapy programs for esophageal cancer. 

How about adjuvant chemotherapy? It may turn out to be without 
benefit for those of you who are skeptics, but there are exciting data 
from pilot trials using preoperative chemotherapy plus x-ray in a number 
of centers. These and future clinical trials of preopsrative adjuvant therapy 
need a reliable preoperative staging system to help in decisions regarding 
patient entry and stratification. We cannot use a Dukes’ type of post- 
surgical staging. We have to have more refinements of the preoperative 
type of staging. With the idea of using preoperative chemotherapy and 
radiotherapy, I would like to ask Dr. Skinner to comment on the ideal 
approach to patient selection for these treatment studies. 


Dr. PETER V. MOULDER (New Orleans, Louisiana): I am happy to 
see that Dr. David Skinner has followed the University of Chicago’s 
Phemister-Adams tradition for surgical treatment of the esophagus, 
treating these patients with intelligence and intensity. 

I have two questions, Dr. Skinner. First, can you tell us what has 
happened to the cisplatinum chemotherapy for esophageal cancer club? 
Second, would you clarify the status of adenocarcinoma of the cardia in 
relationship to the studies you have presented today. 


Dr. DAVID B. SKINNER (Chicago, Ilinois): I will answer a couple of 
questions very quickly with a few discussion slides. 

(Slide) Dr. Moulder asked about cardia carcinoma. Adenocarcinoma 
in which the center of the tumor is clearly within the tubular esophagus 
behaves in the same way as (and we have classified it) esophageal cancer. 
About half of those have Barrett’s epithelium elsewhere in the esophagus. 
This is becoming quite a problem for us. 

Dr. DeMeester asked about the age in this group. We have not done 
en bloc resections in patients over the age of 80, not because we think it 
is bad but because we have not found a suitable candidate for the op- 
eration. 
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(Slide) Dr. DeMeester also asked about reconstruction. We have used 
colon in about one quarter of the cases when the pathology was clearly 
very favorable, we had the opportunity to look for long-term survival, 
and the patient was in good shape and could stand the extra hour it takes 
to prepare the colon for interposition. Routinely, we do take these re- 
sections up to the neck. 

I greatly appreciate the other comments, I congratulate Dr. DeMeester 
for his own excellent results, and I appreciate his continuing on with his 
own experience with this. For many years I have enjoyed my association 
with him, and I am grateful for his continued good work. 

Dr. DeCosse pointed out that there seems to be a general concept 
emerging about staging of gastrointestinal cancers, and we were pleased 
to see that as well. The real question is, can you translate this operative 
or pathological staging into preoperative decision making? In fact, there 
were six cases in this series that were not operated on at all because the 
preoperative staging was clearly one of full-thickness wall penetration 
and multiple lymph nodes. Those patients went primarily to radiation 
or chemotherapy without surgery because they had minimal symptoms 
requiring palliative resection and we were confident that their 2-year 
prognosis was so poor that palliative resection could not be justified for 
minimal symptoms. 

I agree with Dr. Lawrence that W is an awkward term. We used it on 


_ purpose to stress that this is not tumor but rather wall penetration that 


we are talking about. Eventually, the TNM has to come back, and wall 
penetration has to be factored into a revision in the staging system for 
esophageal cancer. I hope that this will take place in the near future, 
because W really is a characteristic of the primary (T) tumor. 

Clearly, we have a way to go in this arena, both in analyzing the 
preoperative staging methods that allow us to select patients more ac- 
curately for curative surgery and in predicting the pathology staging. I 
think the CT scan for the esophagus really does show considerable promise 
for that, and we are proceeding with more detailed analyses of that ap- 
proach for preoperative staging. 

Dr. Moulder asked about cisplatinum, That was the chemotherapy 
used for most of the squamous cell cancers in this group. As you could 
see, except for the very unfavorable cases, there was no measurable impact 
on duration of life. If the case was somewhat favorable, the patient was 
best served by radical resection, and adding chemotherapy and/or ra- 
diation did not prolong life in favorable cases. 
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This study explores whether fetal allograft survival is age de- 
pendent and organ specific, Fetal rat tissue (renal, gonadal, he- 
patic) from the third trimester of gestation (days 15-21) was 
transplanted into 306 outbred adult rats for 10-30 days. Grafts 
were studied by morphometric and histologic analysis. Ten days 
after implantation, renal tissue (N = 75) from late gestation 
(days 19-21) showed no increase in size. In contrast, 17-day 
fetal grafts (N = 20) grew 6.8 + 3.4 times,* while 15-day fetal 
grafts (N = 28) grew 17.5 + 6.1* times. (The symbol *“*” in- 
dicates p < 0.05, compared to original size.) Twenty days after 
implantation, these 15-day fetal grafts (N = 20) grew 48.8 
+ 17.7* times. Ten days after grafting, the younger fetal tissue 
showed excellent maturation of renal elements and no sign of 
rejection; older fetal grafts had poor renal architecture and a 
dense lymphocytic infiltrate. The 15-day fetal gonadal tissue (N 
= 18) showed a moderate 10.6 + 3.2* increase in size while the 
15-day hepatic grafts (N = 16) were regularly rejected within 
10 days. Selected fetal allografts from early in the third trimester 
can not only survive but can grow and mature in an immunocom- 
petent recipient. This fetal graft growth appears to be both age 
dependent and organ specific. The use of fetal organs may 
broaden the potential pool for transplantation. However, further 
studies are needed to define the ontogeny of graft acceptance. 


N AN ATTEMPT to broaden the pool of available organs 
for transplantation and to understand better the 
mechanisms of graft rejection, this laboratory has 

embarked on a program to investigate the antigenicity of 
fetal donor tissue. It is well known that the immunocom- 
petent adult promptly rejects allogeneic adult tissue soon 
after transplantation.’ Studies from other laboratories us- 
ing fetal small intestinal or pancreatic tissue from late in 
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gestation showed prompt rejection in allogeneic adult re- 
cipients.*> In contrast, we have demonstrated that fetal 
kidney and adrenal tissue from early in the third trimester 
survived and grew when transplanted into adult allogeneic 
recipients.* These seemingly divergent results prompted 
us to ask whether fetal graft growth might be both age 
dependent and organ specific. To this end, we varied the 
ontogeny and the organ of the fetal grafts that were im- 
planted into adult allogeneic animals. 


Materials and Methods 
Animals 


Outbred Sprague-Dawley rats were obtained from 
Holtzman Laboratories, Madison, Wisconsin. All recip- 
ient animals were adult females over 10 weeks of age and 
weighed 225-250 g. Timed pregnant mothers were 
shipped between 11 and 13 days of pregnancy. A total of 
306 animals received grafts. 


Graft Tissue 


The graft tissue consisted of renal tissue harvested from 
adults (Group J) or fetal tissue: renal (Group II), gonadal 
(Group HD, or hepatic (Group IV). Adult donor rats un- 
derwent cervical dislocation, and their kidneys were rap- 
idly excised, placed in Dulbecco’s Modified Eagle’s Me- 
dium at 4C, and divided under a dissecting microscope 
into fragments less than | mm in diameter. Fetuses were 
delivered by cesarean section from timed pregnant moth- 
ers on the fifteenth to twenty-first day of gestation. The 
liver, kidneys, and gonadal tissue from successive days in 
gestation were excised, placed in 4C culture medium, and 
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also divided into fragments less than 1 mm in diameter. 
Selected fetal livers were harvested as early as day 13 of 
gestation and minced as above. 


Grafting Method 


The subrenal capsule grafting technique was described 
by Bogden? for tumor implantation in mice and later 
adapted by this laboratory for implantation of fetal tis- 
sue. Adult recipient rats were anesthetized with 0.9 ml 
of 12% chloral hydrate by intraperitoneal injection and 
their left flanks cleaned with alcohol and shaved. A 2 cm 
flank incision was made, and the left kidney was retracted 
out of the wound. The renal capsule was gently elevated 
and incised with a #11 scalpel blade, and the graft tissue, 
mounted on a 16-gauge trocar, was slipped under the renal 
capsule over the renal parenchyma. A 6-0 Prolene® suture 


. Was then placed adjacent to the graft tissue under the renal 


capsule to serve, as a marker. In each animal, two grafts 
were placed under the renal capsule in different locations. 
We measured the long (L) and short (W) axes of the grafts 
after implantation at 10X magnification and a standard 
focal distance, using a microscope equipped with an eye- 
piece calibrated so that 10 ocular micrometer units 
equaled 1 mm. The kidney was then replaced in its normal 
position and the flank wound closed with sutures and 
skin staples. The animals were returned to their cages and, 
after awakening, were fed water and rat chow. 


Graft Takedown, Morphometric, and Histologic Assess- 
ment 


The animals receiving implants were killed by cervical 
dislocation between 10 and 30 days after transplantation; 
the left kidney was excised, placed in 10% formalin, and 
long and short axes of the graft again measured. We cal- 
culated the graft size ratio by multiplying L xX W, both 
for the original graft (Pre-size) and the graft at the time 
of takedown (Post-size). The change in graft size, or graft 
size ratio (GSR), was calculated as: 


Post-size 
Pre-size 


with GSR > 1: a graft that had increased in size; GSR 
= į: no change in size; GSR < 1: a graft that had decreased 
in size; and GSR = 0: only scar found (rejected). 

The average of the GSR of the two grafts in each kidney 
was used for analysis. The grafts were then excised from 
the host kidney, placed in agar, and fixed for 48 hours in 
Mirsky’s solution. They were then processed through a 
series of alcohol dehydration steps, cleared in xylene, fixed 
in paraffin, and stained with hematoxylin and eosin. 

Fetal renal grafts were assessed for maturation of his- 
„q tologic architecture. We first constructed a library of in 
- yivo renal histology for tissue from days 15 to 21 of ges- 





= Graft Size Ratio (GSR), 
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tation and from days 1 to 7 post partum, and for adult 
tissue to which we could compare architectural and his- 
tological development after implantation. We then as- 
sessed the degree of maturation of fetal renal architecture 
and development at the time of graft takedown 10, 20, 
and 30 days after transplantation. The histology of each 
graft was rated on a semiquantitative scale of | (best) to 
5 (worst). A graft that had excellent glomerular and tubular 
development was rated a “1”; a “3” was assigned to a 
graft with a modest degree of maturation of tubules and 
glomeruli; while a “5” indicated the poorest histology 
where no renal elements could be identified. In a similar 
manner, the degree of lymphocytic infiltrate as a measure 
of graft rejection was assessed, again using a | to 5 scale, 
with “1” being no infiltrate, or no histologic signs of graft 
rejection, and “5” being a very dense infiltrate, or a com- 
pletely rejected graft. Grades of “2,” “3,” and “4” were 
given for grafts that showed evidence of progressive re- 
jection or increasing lymphocytic infiltrate. These mor- 
phologic analyses provided the bases for two bioassays. 
All statistical analyses of graft size ratio, changes in graft 
architecture, or change in lymphocytic infiltrate were ex- 
pressed as mean + standard deviation and were compared 
by Student’s t-test. 


Results 
Group I (Adult Renal > Adult) 


A total of 12 rats received adult renal allografts. The 
recipients were sacrificed 10 days after grafting. and at 
that time all grafts were totally rejected.* In the majority 
of cases, only a small scar was present in the area that 
had received the graft. 


Group II (Fetal Renal > Adult) 


One hundred seventy animals received grafts of fetal 
renal tissue from days 15 to 21 of gestation, and the re- 
cipients were killed 10 days after transplantation (Fig. 1). 
Fifteen-day fetal renal grafts (N = 28) increased 17.5 + 6.1 
times,* and the 16-day fetal grafts (N = 25) showed a 14.7 
+ 6.6 increase.* A representative 15-day fetal graft 10 
days after implantation in Figure 2 shows good growth 
and neovascularization from the host kidney. The 17-day 
fetal grafts (N = 20) showed a modest 6.8 + 3.4 increase 
in size,* while the 18-day fetal grafts (N = 22) increased 
only 3.8 + 2.9* times. In contrast, the fetal renal tissue 
from later in gestation showed little growth: 19-day fetal 
tissue (N = 21) grew only 2.1 + 2.3 times, 20-day fetal 
grafts (N = 26) grew 1.8 + 1.8 times, and 21-day fetal 
grafts (N = 28) increased 1.9 + 2.6 times. 


* p < 0.05 compared to the original size. 






After 10 days 


GRAFT SIZE RATIO 


FETAL AGE, DAYS 


Fic. 1. Increase in size (x + S.D.) of fetal renal tissue implanted in the 
adult subrenal capsule. Grafts from 15 and 16 days of gestation grew 
well, while older fetal grafts grew poorly. n = number of animals; *p 
< 0.05, compared to original graft size. 


Fifteen-day fetal renal grafts implanted into 63 other 
recipients were examined between 15 and 30 days later. 
After 15 days, the grafts in 20 animals showed a significant 
(28.9 + 9.1+-fold) increase in size when compared to the 
grafts implanted for only 10 days. Grafts in another 20 
recipients killed 20 days after transplantation increased 
in size 48.8 + 17.7+ times; those in 23 animals implanted 
for 30 days demonstrated a 48.3 + 23.2 increaset in fetal 
graft growth. 


Histologic Bioassay 


Semiquantitative analysis of renal architecture (1 = ex- 
cellent; 5 = poorest) and determination of the degree of 
lymphocytic infiltrate (1 = best, least infiltrate; 5 = worst, 
maximum infiltrate) were carried out on grafts trans- 
planted into 154 animals, which were killed 10 days after 
grafting. The 15-day gestational age grafts had a prolif- 
eration of glomeruli and tubules, and blood vessels were 
present throughout the graft (Fig. 3A). These grafts 10 
days after implantation appeared comparable in devel- 
opment to a 20-2 1-day fetal kidney. There was a marked 
contrast in the development of renal elements (Fig. 4) 
between the 15-day [(N = 19) 1.73 + 0.71] and 16-day 
fetal grafts [(N = 23) 2.07 + 0.99] when compared to the 
grading of the grafts from later in gestation, i.e., days 20 
and 21 [(N = 54) 4.79 + 0.41] (p < 0.05). Likewise, the 
semiquantitative assessment of lymphocytic infiltrate (Fig. 
5) for the 15-day fetal grafts [UN = 19) 1.85 + 0.84] and 
16-day fetal grafts [(N = 23) 2.44 + 1.12] was reasonably 
good, while the grading for the older 20- and 21-day fetal 
grafts (N = 54), also implanted for 10 days, was poor 
(4.89 + 0.29; p < 0.05) (Fig. 3B). 





+ p < 0.05, compared to graft size 10 days after implantation. 
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Histologic assessment was also carried out in 19 animals 
that had received 15-day fetal renal grafts 20 days previ- 
ously. In contrast, these larger grafts had a significantly 
poorer architectural grading, 3.54 + .86,£ and a more 
pronounced degree of lymphocytic infiltrate, 3.72 + .89,t 
compared to the grafts implanted for only 10 days (Fig. 
6). At 30 days after transplantation in 19 animals, the 
histologic changes were worse still, although growth was 
considerable. Architectural grading was 4.6 + 0.7,¢ and 
there was a heavy lymphocytic infiltrate graded 4.7 + 0.5.4 


Group II (Fetal Gonad — Adult) 


Fifteen-day fetal gonadal tissue was implanted into 45 
adult recipients. Ten days after transplantation, these 
grafts in 18 animals showed a 10.6 + 3.2* times increase 
in size. By 20 days, in 19 grafted animals, the implants 
had grown 31.2 + 12.6 times.* ft After 30 days the grafts ‘ 
in eight recipients had increased in size 40.7 + 20.9*+ 
times (Fig. 7). Compared to the progressive worsening of 
the architecture and infiltrate of the renal grafts 20 and 
30 days after implantation, the 15-day fetal gonadal grafts 
had less evidence of rejection and also exhibited mainte- 
nance of relatively good gonadal architecture 20 and 30 
davs after implantation. 


Group IV (Fetal Hepatic > Adult) 


In contrast to the growth seen with 15-day fetal renal 
or gonadal tissue, the 15-day fetal hepatic tissue trans- 
planted into 16 recipients and analyzed 10 days later 
showed only a 1.9 + 3.3-fold increase in size (p < NS, 
compared to original size). In the few grafts available for 
histologic examination, only a small number of viable 
fetal hepatic cells were present. In all other cases, only 
scar tissue was present. Several 13-day fetal grafts also 
were implanted for 10 days; these too stimulated an in- 
tense infiltrative response within 10 days. 


Discussion 


It is well known that when adult allogeneic tissue is 
transplanted into an immunocompetent host, rejection 
occurs promptly. The major research efforts in transplan- 
tation over the past 2 decades, which centered on iden- 
tifying the “degree of foreignness” of the donor (tissue 
typing, HLA) and designing methods of immunosup- 
pressing the recipient, have produced considerable prog- 
ress. Immunosuppression of the host, however, carries 
significant risks for the development of infection, or lon- 
gitudinally, of malignancy. The paucity of organs available 
for transplantation can result in death or increased mor- 
bidity for the recipient. The limitations of both recipient 


tp < 0.05, compared to 10 days after grafting. 
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treatment and organ availability prompted this laboratory 
to study methods of modulating donor tissue, both to 
better understand the mechanisms of graft rejection and 
to broaden the pool of potential organs for transplantation. 
Our hypothesis was that by varying the ontogeny of the 
donor tissue we could identify a time in development at 
which selected grafts might survive and grow. Tissue from 
different fetal organs were also used to test the hypothesis 
that fetal graft growth might be not only age dependent, 
but also organ specific. Further study of the conditions 
favoring graft survival of specific organs at particular stages 
of gestation could elucidate methods of modulation either 
to discourage or to encourage rejection. The former would 
be clinically applicable to transplantation and the latter 
to control of neoplasia. 

The rat was chosen because fetuses were available in 
large numbers from accurately timed pregnancies. In each 
experimental group, outbred immunocompetent adult 
female rats were used as recipients. Selected studies, car- 
ried out using male recipients, indicated no difference in 
graft tolerance based on host gender. In group I (adult 
renal graft — adult recipient) no viable graft was present 
by 10 days after implantation. This confirmed the fact 
that the host was immunocompetent and could reject 
adult allografts. 

We have shown previously that selected fetal tissue from 
early in the third trimester of gestation could survive and 
grow under the same conditions.* The present study de- 
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FiGs. 3A and B. Histology of fetal renal tissue 10 days after implantation. 
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FIG. 2. A 15-day fetal renal graft 10 days after implantation. This plump 
and well-vascularized implant has increased in size seventeen-fold. 


tailed each day of gestation from the time when the kidney 
was easily identified at 15 days until 21 days, the last day 
of gestation in the rat. Fifteen-day fetal renal grafts showed 
a marked increase in size after only 10 days of implan- 
tation. When fetal renal grafts from progressively later 
periods in gestation were implanted for the same length 
of time, there was a proportional decrease in graft growth 
as older renal tissue was used. The fetal grafts from day 
19 of gestation and later were statistically no different in 
size than at the time of implantation. 





A. Fifteen-day fetal graft: note the proliferation of glomeruli (G) and 


tubules (T), but no infiltrate. (150). B. Twenty-day fetal graft: few renal elements present, and a heavy lymphocytic infiltrate (arrows) is present 


(150%). 
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After 10 days 


MATURATION 





FETAL AGE, DAYS 


Fic. 4. Bioassay of architecture of fetal renal histology 10 days after 
implantation. Early fetal grafts show good maturation of renal elements. 
Grafts from later in gestation have fewer and finally no recognizable 
renal elements: scale: | = best, 5 = worst; X + S.D; *p < 0.05 vs. 15- 
day fetal grafts. 


After a significant fetal renal growth with the earlier 
gestational age grafts and progressively less growth later 
in fetal ontogeny were documented, histologic changes 
were studied in each successive day. The 15-day fetal kid- 
ney at the time of implantation had a limited number of 
renal elements present and a large amount of undiffer- 
entiated mesenchymal tissue; 10 days after grafting, the 
renal elements matured, showing an increase in glomeruli 
and tubules, and mesenchymal tissue diminished. We 
speculate that the lag in histologic development between 
the [5-day fetal grafts implanted for 10 days and com- 
parable fetal kidneys allowed to grow normally in situ 
may be due to the 2-3 days’ time required for neovas- 
cularization to occur. There was little or no lymphocytic 
infiltrate present, indicating little evidence of rejection. 
When fetal renal tissue from later periods in gestation was 
used, progressively less maturation occurred in inverse 
proportion to the age of the implanted graft, and a pro- 
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Fic. 5. Bioassay of lymphocytic infiltrate in fetal renal grafts 10 days 
after implantation. Note a progressive worsening of the infiltrate with 
the use of older fetal age grafts. Scale 1 = least, 5 = maximal; x + $.D.; 
*p < 0.05 vs. 15-day fetal grafts. 
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DAYS AFTER TRANSPLANT 
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FIG. 6. Comparison of 15-day fetal renal maturation and infiltrate 10 
and 20 days after implantation. While longer periods of implantation 
allow greater graft growth, there was a worsening in architecture and an 
increased lymphocytic infiltrate. X + $.D.; *p < 0.05 vs. 10 days after 
implantation. 


portionately heavier degree of lymphocytic infiltrate was 
evident. 

Having identified the tissue from early in the third 
trimester as that which grew best, we then, in selected 
studies, lengthened the time after implantation from 10 
to 30 days. These data showed that the grafts increased 
in size up to 48 times by 20 days and 30 days after im- 
plantation. When 15-day fetal renal grafts were inspected 
histologically at 20 days after implantation, however, there 
were significant decline in renal architecture and a mod- 
erately severe lymphocytic infiltrate. By 30 days after im- 
plantation these grafts had little recognizable renal ele- 
ments remaining and the lymphocytic infiltrate was over- 
whelming, indicating that the advantage conferred on the 
younger grafts during the first 10 days after implantation 
was not permanent. However, the significant observation 
of early graft survival remains. 

We next investigated whether the growth of grafts from 
earlier in ontogeny might be organ specific. Similar studies 
with 15-day fetal gonadal tissue again demonstrated priv- 
ileged growth. The longitudinal growth characteristics of 
the gonadal tissue also appeared to be similar to the renal 
tissue; there was continued growth up until 20-30 days 
after implantation. The histology of the gonadal tissue 10 
days after transplantation showed little evidence of a lym- 
phocytic infiltrate. Preliminary studies in our laboratory 
indicated that gonadal tissue implanted for 20 days in 
contrast showed little evidence of rejection of germinal 
tissue, while adjacent fetal mesonephric tissue was 
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promptly rejected (unpublished data). These and other 
studies indicating that testicular grafts from older embryos 
and neonates are not rejected will be the subject of a later 
report since sex differences in both donor gonadal tissue 
and recipient require further elucidation. In marked con- 
trast to the excellent growth of fetal renal and gonadal 
grafts, the fetal hepatic grafts from early in the third 
trimester of gestation showed essentially no growth. ‘The 
majority of the grafts were merely scars by 10 days after 
implantation, and those several that had increased in size 
had on microscopic examination few viable hepatic cells 
present. These results demonstrate a wide variation in the 
ability of donor fetal organs to survive transplantation 
without immunosuppression. The privilege conferred on 
some, however, is sufficient to warrant investigation of 
the mechanisms involved, for eventual application to 
methods of potential donor modulation. 

The concept of using fetal organs for transplantation 
is not a new one. Experiments using fetal small intestine 
in a syngeneic model have documented functional ab- 
sorption from the gut lumen and peristalsis.’ However, 
when allogeneic transplants were attempted using 18-20 
day fetal rat small intestine, prompt rejection occurred.”* 
Similarly, Brown reported success with transplanting syn- 
geneic rat fetal pancreas from days 16 and 17 of gestation, 
while pancreatic tissue from late in gestation showed high 
failure rates.” In contrast, early gestational age fetal pan- 
creatic grafts transplanted into allogeneic recipients were 
promptly rejected within 7 days.’ Our findings with fetal 
allogeneic hepatic transplants corroborated these results. 

The results we report with fetal renal and gonadal grafts, 
in contradistinction, indicate that some fetal organs can 
not only survive, but grow, and mature histologically when 
implanted into allogeneic recipients. Thus the success of 
fetal allogeneic transplantation varies in part with the 
choice of donor organs. Patthey and Edidin’® showed that 
whole embryonic congenic murine grafts differing at only 
one H-2 locus stimulated an intense infiltrate from as 
early as the seventh day of gestation, indicating that an- 
tigenic expression occurs very early in embryonic devel- 
opment. The seminal work of Simmons and Russell, 
which pointed to the protective role of trophoblastic tissue 
in preventing rejection of the fetus by the mother, again 
demonstrated that murine embryonic tissue from as early 
as day 7⁄2 of gestation was rejected when transplanted 
into adult allogeneic mice.'! Using a mixed hemadsorp- 
tion assay, Kirkwood and Billington showed that the 
mouse H-2 antigen is serologically detectable from days 
11 and 12 onwards.'? However, it is not expressed at the 
same time throughout the embryo, i.e., cells from fetal 
skin, lung, and forelimb bud expressed H-2 antigen by 
midgestation, while cells from fetal kidney and gonad had 
little if any detectable antigen through the end of the sec- 
ond trimester of gestation. | 
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GRAFT SIZE RATIO 





DAYS AFTER TRANSPLANT 


FIG. 7. Increase in size (x + S.D.) of fetal renal and gonadal grafts at 10, 
20, and 30 days after implantation. “p < 0.05 ys. size at 10 days. 


The organ and timing differences—yet ultimate ubiq- 
uitousness of rejection of most fetal organs—have focused 
our attention on the Class I surface antigen as the final 
common denominator of graft rejection. The compelling 
appeal of a study of this surface antigen is that an under- 
standing of the role it plays in the favored status of some 
fetal organs may have some application, on the one hand, 
to controlling graft rejection or, on the other, by enhance- 
ment, te controlling the growth of neoplastic cells." It is 
well recognized that Class I antigens are a major factor 
responsible for transplantation rejection and cell-mediated 
immunity against viral infections and tumors." In the 
neonate and the adult, Class I surface antigens are present 
on all cells, and, for this reason, these molecules are often 
referred to as transplantation antigens.’>'® Ozato et al. 
demonstrated nonsimultaneous fetal organ expression of 
the Class I antigen protein.’’ In addition, they measured 
Class I antigen mRNA, which was first detected in some 
organs as early as day 9 of gestation and remained at low 
levels through days 13-16 of gestation. Thus, it is probable 
that Class I gene expression is developmentally regulated 
for each specific embryonic organ. 

The murine Class I molecules are encoded by K, D, 
and L gene clusters of the major histocompatibility com- 
plex (H-2),!°'® which, via mRNA, direct formation of a 
polypeptide, which subsequently becomes membrane 
bound and glycosylated.!? The specific molecules consist 
of a small intracellular domain, a transmembrane hydro- 
phobic portion, and a much larger extracellular region of 
three external domains associated with beta, microglob- 
ulin." The lack of immunologic response seen with some 
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fetal tissues may be due to an insufficiency in any of the 
processing steps described above. mRNA may not be 
transcribed from genomic or complementary DNA; sur- 
face antigenic protein may not be adequately translated 
from mRNA; or surface antigen may not be biologically 
active because of incomplete protein formation, config- 
urational changes, or delay of glycosylation.” We are cur- 
rently studying the relationship between Class | antigen 
expression and the tempo of graft rejection, by measuring 
both mRNA expression with K, D, and L H-2 loci and 
beta, microglobulin probes, as well as surface protein with 
immunohistochemical probes. 

Growth factors are present in abundance and appear 
essential for fetal development. Of considerable interest 
is the role that growth factors, such as epidermal growth 
factor, platelet derived growth factor, alpha and beta 
transforming growth factor, and insulin, may play in 
stimulating growth of the grafted tissue and/or conferring 
a degree of immunotolerance for the graft. We will attempt 
to correlate the presence of growth factors, the successful 
transplantation of the fetal grafts, and the interrelationship 
of these with the presence of Class I antigen mRNA. 

Recognition by the host of the Class I antigen appears 
to be key to the rejection phenomenon. Several authors 
have shown that certain normal cell types (amnion,! tes- 
ticular germ cells”), and neoplastic cells (K562 human 
leukemia cell line**) do not express Class I histocompat- 
ibility antigens. Incubation of the human amnion cells 
with gamma interferon caused both Class I HLA and beta, 
microglobulin expression.?! Similarly, the K562 leukemia 
cell line, when incubated with interferon or sodium bu- 
tyrate, developed significant HLA Class I expression.” 

Rosa has suggested that gamma interferon plays an es- 
sential role in antigenic expression in amnion cells by its 
action at the DNA promotor level.” Similarly, Kawata 
has reported that HLA antigenic expression by fetal cy- 
totrophoblasts is transcriptionally controlled.” Since 
stimulated T-lymphocytes are the source of gamma in- 
terferon, these lymphocytes may indirectly modulate do- 
nor antigenic expression. We have shown that selected 
grafts from early in the third trimester of gestation are 
not rejected. With the development of a blood supply to 
the graft from the host within 48-72 hours, for example, 
T-cells may come in contact with the graft, produce in- 
terferon, and stimulate the expression of Class I antigen, 
leading to full-scale allograft rejection. Such a scenario 
could partially explain the delayed fetal graft rejection 
found in our experiments but is not the full explanation, 
since grafts from later in gestation are so promptly re- 
jected. Mechanisms active in graft rejection in the fetus 
might be applicable to treatment of certain types of neo- 
plasia. A number of tumors lack surface antigen. Mod- 
ulation of Class I antigenic expression, either with a nat- 
urally occurring substance (one of the interferons) or by 
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a chemical (sodium butyrate), could allow the neoplastic 
cell line to be recognized as foreign and thus induce re- 
jection. 

In summary, fetal allograft acceptance could reflect the 
ontogeny of surface antigen expression in each fetal organ, 
which in turn could be modulated by growth factors or 
T-cell factors. These might influence promotors for 
mRNA expression or may directly act on the Class I sur- 
face antigen itself, either by effecting a configurational 
change or by preventing or delaying its glycosylation. Lau 
et al., for example, have demonstrated apparent alteration 
of the surface antigen of pancreatic islet cells after exposure 
to a short period of ultraviolet light.” The results of their 
treatment suggest a configurational change in antigen but 
a maintenance of islet function, since the cells, when 
transplanted into adult allogeneic recipient diabetic rats, 
caused a reversal of the host animals’ hyperglycemia. 

Detailed studies need to be carried out to interrelate 
Class I antigenic structure, function, recognition by the 
T-cell, and modulation by cellular growth factors. The 
methodologies of immunohistochemistry and molecular 
biology will heip to further evaluate surface antigen de- 
velopment and factors that affect its expression. Modu- 
lation of the donor organ, both fetal and nonfetal, might 
allow a broadening of the pool of potential organs, an 
increase in the rate of successful transplantation, and di- 
minished complications, since the overall immunologic 
response of the host may be less suppressed. 
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DISCUSSION 


Dr. JOHN A. MANNICK (Boston, Massachusetts): I would like to thank 
Dr. Foglia for presenting me with a copy of the manuscript, which | 
enjoyed reading. I must say that with the current legal climate in the 
United States, | am a little skeptical that fetal organ donation is likely 
to become a clinical reality very soon. This paper nevertheless addresses 
an important point in transplantation biology. 

Earlier work in this field has clearly shown that some fetal tissues are 
easier to transplant than others, and there has been the general impression 
that the earlier the tissues are harvested in gestation, the better the chance 
they had for survival. This work very nicely shows that there is a marked 
difference in rejection response to liver versus kidney versus gonad, and 
that the earlier the organ is harvested in the gestational period, the longer 
the tissue survives. 

My question for the authors is: Why did they choose to use an outbred 
set of rats? With the use of outbred rats, differences in survival can some- 
times be altered by chance compatibilities of donors and recipients. | 
wonder if they would consider repeating their work using two inbred rat 
strains that differ in the major histocompatibility complex so that in 
each experiment there will be a similar transplant rejection response 
elicited by the foreign histocompatibility antigens that are present on 
the transplanted tissue. They also would have the monoclonal antibody 
tools available to dissect the very important question in this whole issue, 
and that is, what is the representation of the transplant antigens on the 
tissues that are transplanted? I think they should particularly look for 
the representation of the Class II antigens that trigger the transplant 
rejection response. 


DR. CHARLES A. HUFNAGEL (Washington, D.C.): I rise to congratu- 
late Dr. Foglia and his group for a very nice presentation of a complex 
problem. 

It has been well demonstrated that different organs develop their im- 
munological maturity at different times during gestation, but in general 
one can say that the period of immunity from the maturity of the im- 
munosystem is basically the first half of gestation. The differentiation of 
organs is also very poor in many organs during that period. The fact 
that the kidney cells showed some maturity after transplantation is a 
very helpful contribution by the authors. 

The basic issue, however, which Dr. Mannick expressed, is that it has 
been demonstrated that fetal tissue can be transplanted to an adult. The 


4 endocrine tissues, which secrete directly into the blood stream, require 


no organoid representation, and organs like the kidney have to be fully 
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mature and have all the nght connections to make urine. Its endocrine 
function is a different matter. I have five adult patients, two with Addison’s 
disease and three with other endocrine deficiencies, all of whom have 
shown that physiologically they require no support for up to a year. 
Reports on some of those patients have been lost to follow-up. 

The real problem is organ procurement. Meadowar demonstrated very 
well that a fetus is an available recipient for organs from the mother, 
which does not help anybody very much. On the other hand, what we 
need is a reverse Meadowar, to make animal donor chimera. That could 
be done by making a strong antibody to the organ and then injecting 
the fetus with the antibody. Can we really make this species step across 
that barrier? In amphibia subspecies, bridges have already been dem- 
onstrated, and cloning of amphibia and mice has been demonstrated 
with nucleus transplantation. This cannot yet be done after the gastru- 
lation stage of development. This again is not a very practical matter 
except in animal species. 

The real challenge still remains that the major source of donors for 
transplantation must ultimately be from an animal source probably by 
manipulation of the fetus or germ plasm. That will certainly be a fertile 
field when we start making that step. 


Dr. DAVID E. R. SUTHERLAND (Minneapolis, Minnesota): This paper 
is an interesting addition to an extensive literature on fetal allotrans- 
plantation. A group in Australia has consistently been able to engraft 
| 2-day-old fetal mouse pancreases in diabetic mice and cure the diabetes 
if they do manipulations to prevent rejection, which includes tissue cul- 
ture. However, fresh allografts invariably fail and do not cure the diabetes. 
Thus, at least | 2-day-old fetal mouse pancreas retains its immunogenicity. 
They have also done work showing that there is expression of histocom- 
patibility antigens in that stage of development, and I wonder if the 
authors have looked at their tissue for expression of histocompatibility 
antigens by the immunocytochemical techniques. 

Also, as far as the human work is concerned, there have been about 
100 or so fetal pancreas transplants performed in China in diabetic pa- 
tients and about 50 in Russia that have been reported to the International 
Pancreas and Islet Transplant Registry, with some claims of function in 
the absence of immunosuppression. However, in Australia, of 20 or so 
clinical fetal pancreas transplants, there have been no cures of diabetes 
with or without immunosuppression. 


Dr. ELTON WATKINS, JR. (Burlington, Massachusetts): Twenty years 
ago, before | had a Human Studies Committee, I did vascularized fetal 
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parathyroid transplants in eight patients with postthyroidectomy hy- 
poparathyroidism. Reduction of calcium requirement was dramatic, but 
two late complete biopsies showed classical patterns of transplant rejec- 
tion. 

I am interested in this report because I have been fascinated with the 
thrust of Dr. Donahoe’s work. I wonder if the transfer of fetal tissue 
alone does not remove one element of the entire biological structure, 
and that is the placental interrelationship between the fetus and the host. 
After all, acquired tolerance does depend on placentation, and there is 
evidence that possibly some of the hormones produced by the placenta 
show a disappearance curve quite similar to your rejection pattern. I 
wonder if there might be some relationship between placental hormones 
that are carried within your transplants and the prolongation of time 
that the tissues persist in the transplanted position. 


Dr. ACHILLES A. DEMETRIOU (Bronx, New York): I have enjoyed 
this paper very much. I have a question about your conclusion that the 
difference in survival between liver and renal tissue is due to differences 
in the degree of antigenic maturity or in the expression of transplantation 
antigens. Is it possible that the difference in survival is due to inherent 
tissue differences like the ability of various tissues to become vascularized 
and survive in the host? Have you carried out any experiments in which 
these tissues are transplanted into syngeneic recipients? 
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Dr. ROBERT P. FOGLIA (Closing discussion): Dr. Mannick, in regard 
to the question about syngeneic recipients, we wanted basically to stack 
the cards against the grafts growing. That is why we went to an outbred 
model. We mean to do studies now with syngeneics. 

In regard to Dr. Hufnagel’s comments, we certainly feel that putting 
1 mm fragments in is not the answer to whole organ transplantation. 
But in certain types of endocrine function, pancreatic cells, parathyroid, 
and adrenal, we think this might work. We have done some other studies 
with implanting fetal adrenal grafts, and we find that the growth is quite 
comparable to that of the gonadal tissue, a bit less than what we see with 
the kidney. 

When I heard the talk yesterday about hepatocytes and superfusion, 
the thought crossed my mind that liver cells are rejected very easily. It 
might be that with a single cell suspension you could alter the antigenicity 
of the liver tissue. Thus, although it has early antigenic expression, you 
might be able to turn that off in much the same way that you turn off 
pancreatic islet cells. 

Dr. Sutherland, we have not looked yet at using histocompatibility 
antigen probes. 

Dr. Watkins, in regard to your comment about hormonal factors, we 
think the growth factors are very important for the growth of these tissues. 
We are beginning now to look at growth factors such as alpha-beta TGF 
and EGF in our model. 
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INDICATIONS AND USAGE: Therapeutic. PIPRACIL is indicated for 
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gynecologic, lower respiratory tract, skin and skin structure, bone and 
joint, gonococcal infections, and septicemia. 

Prophylaxis. PIPRACIL is also indicated for prophylactic use in sur- 
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dures, vaginal hysterectomy, and cesarean section. 
CONTRAINDICATIONS: A history of allergic reactions to any of the 
penicillins and/or cephalosporins. 
WARNINGS: Serious and occasionally fatal hypersensitivity (anaphylac- 
tic) reactions have been reported in patients receiving therapy with pen- 
icillins. These reactions are more apt to occur in persons with a history 
of sensitivity to multiple allergens. 
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The piercing pain 

and discomfort of swollen 
hemorrhoids. Now, fast relief 
through the triple action 

of Corticaine® Cream: 


L] Dibucaine to relieve pain 
A powerful topical anesthetic that promptly 
blunts piercing pain 

L] Hydrocortisone to reduce inflammation 
Shrinks swollen hemorrhoidal tissue and exerts 
effective antipruritic action to relieve itching 

L] Menthol for a soothing, cooling effect 


Cooling action rapidly alleviates the burning 
sensation 
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CORTICAINE” Cream 
(hydrocortisone acetate and dibucaine) 


INDICATIONS AND USAGE: CORTICAINE Cream is indicated 
for the relief of the inflammatory manifestations of cortico- 
steroid-respansive dermatosis. When combined with other 
recognized therapeutic measures, it is recommended for 
the symptomatic relief of ching, pain, and ination of 
certain anorectal, anogenital, and dermatological condi- 
tions, On the skin. it offers symptomatic relef in atopic 
dermatitis, sumac or ivy dermatitis, mild sunburn, minor 
burns, insect bites, prickly heat, eczema, post-anal sut- 
gery, diaper rash, and intertrigo. When introduced into the 
rectum, it helps to relieve the itching, pain, and inflamma. 
tion of internal hemorrhoids, as well as the anorectal dis- 
comfort of associated conditions such as proctitis, 
papillitis. and cryptitis. When applied perianally. H can pro- 
vide symptomatic relief from pruritus ani and external hem- 
orrhaids. 


CONTRAINDICATIONS: Local tuberculosis, fungal and viral 
infections. Topical steroids and focal anesthetics are con- 
traindicated in those patients with a history of hypersens: 
tivity to any of the components of the preparation. Not 
recommended for use in such diseases as pemphigus and 
discoid lupus erythematosus. 


PRECAUTIONS: General: Avoid use in the eyes. Do not apply 
to extensive areas for prolonged periods or with occlusive 
dressings as there may be increased systemic absorption of 
the ingredients. If irritation develops, the product should 
be discontinued and appropriate therapy instituted. In the 
presence of a secondary bacterial infection, the use of an 
appropriate antibacterial agent should be imstituted, ifa 
favorable response does not occur promptly, this prepara- 
tion should be discontinued until the infection has been 
adequately controtied. Should not be used rectally without 
adequate proctolagic examination. Not to be used with 
anorectal fistulas and abscesses. 


Usage in Pregnancy: Although topical steroids have not 
heen reported to have an adverse effect on human preg- 
nancy, the safety of their use in pregnant women has not 
been absolutely established. in laboratory animals. 
increases in imeidence of fetal abnormalities have been 
associated with exposure of pestating females to topical 
corticosteroids in some cases, at rather low dosage levels. 
Therefore, drugs of this class should not be used exten- 
sively on pregnant patients, in large amounts, or for pro- 
longed periods of time. 


ADVERSE REACTIONS: The following local adverse reactions 
have been reported with topical corticosteroids, especially 
under occlusive dressings: burning sensations, iiching, 
imation, dryness. folliculitis, hypertrichosis, acne-form 
eruptions. hypopigmentation, perioral dermatitis, allergic 
contact dermatitis, maceration of the skin, secondary 
infection, skin atrophy, striae, and miliana. 


DOSAGE AND ADMINISTRATION: For Rectal Use: Cleanse the 
rectal area and dry thoroughly before use. Attach plastic 
applicator te tube, and squeeze tube lightly to fill applica- 
tor with cream. Lubricate applicator with cream, then gent- 
ly insert into rectum and squeeze tube again lightly to 
extrude a similar applicator dose of cream into fhe rectum. 
Can also be applied topically to irritated anorectal tissues. 
Use morning and evening and after each bowel movement. 
The recommended duration of treatment is two to six days. 


For Topical Use: Apply to affected areas of the skin two to 
four times daily. The recommended duration of treatment is 
two weeks. 


HOW SUPPLIED: CORTICAINE Cream (hydrocortisone ace- 
tate 0.5% and dibucaine 0.5%) is supplied in a | oz tube 
with a rectal applicator (NDC 0173-0358-72). 


Keep container well closed and store between 15° and 30°C 
(59° and 86°F). 
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Thereisa road. 


Many cancer patients need 
transportation to and from 
treatments. That’s why the 
American Cancer Society 
has formed groups of volun- 
teers across the United 
States who give a few hours 
of their time each month to 
drive them. The road to 
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New Books for Surgeons from Springer-Verlag 
NN, 


Principles and Practice of Research 

Strategies for Surgical Investigators 

Edited by H. Troidl, MD; W.O. Spitzer, MD; B. McPeek, MD: 
D.S. Mulder, MD; and M.E. McKneally, MD 


Surgical trainees must engage in research to help foster a greater criti- 
cal attitude in evaluating the results of surgical treatment and to stimu- 
late a continuing interest in combining investigative work with clinical 
practice. This book will assist the young researcher in securing a more 
systematic presentation when undertaking surgical research. Leading 
experts cover such important topics as ® variables conducive to success- 
ful research ¢ effective presentation of research and its results and © 
future prospects in surgical research. 

1986/approx 384 pp/37 illus/49 tables/$55.00 tent/#16340-9 


Evaluation and Installation of Surgical Laser Systems 
Edited by D.B. Apfelberg, MD 


This comprehensive guide is designed as both an introduction to lasers 
for the novice and a reference for the experienced laser user. It sum- 


| marizes the physiology of lasers and explores the administrative 


responsibilities such as the evaluation and installation of various sys- 
tems, financial and legal considerations, and tips on purchase and 
safety. In addition, over thirty appendices provide extensive support 
material making this an invaluable resource for those concerned with 
the safe, effective and efficient use of lasers. 

Dec. 1986/approx 320 pp/108 illus/$69.50 tent/#96385-5 


Aesthetic and Reconstructive Otoplasty 
Jack E. Davis, MD 
With a Foreword by Blair O. Rogers, MD 


A leader in the field brings you original and new conceptions of © 
pathoembryology Ħ ear architecture © ear artistry and © ear anatomy, 
This practical treatise is fully illustrated and contains a bibliography 
and references from 1715 sources. 

“A portion of this publication received a Senior Award by the Plastic 
Surgery Educational Foundation (formerly the Educational Foundation 


of the American Society of Plastic Surgeons)" — from the Foreword 


Dec. 1986/approx 522 pp/1197 illus, 77 in color/#96308-1 


Strategies in Gynecologic Surgery 

Edited by H.J. Buchsbaum, MD and L.A. Walton, MD 

This book lucidly and straightforwardly addresses the many clinical 
problems confronting the gynecologist who performs surgery in daily 
practice. Particular attention is paid to cost-effective decision-making 
before, during, and after surgery. The timely issues explored include « 
mechanical and chemical preparation of the abdomen and vagina ¢ 
avoiding urinary tract injuries © the legal implications of informed 
consent ® unique challenges presented by high risk and critically ill 
patients and * problems involving pediatric and geriatric patients. 
1986/231 pp/82 illus/$65.00/#96278-6 

(Clinical Perspectives in Obstetrics and Gynecology) 


New Second Edition 

Surgery of Female Incontinence 

Edited by S.L. Stanton, FRCS and E.A. Tanagho, MD 

This completely revised and updated second edition covers the causes, 
investigation, and surgical and medical treatment of urinary inconti- 


nence in the female. 
1986/285 pp/229 illus/$73.00/#15821-9 


Springer-Verlag 





Anatomy in Surgery 

Third Edition 

P. Thorek, MD 

“The author’s skill as a teacher stands out clearly, and his book serves 
its overall purpose well. . . It is a fine new edition of a splendid and 
serviceable textbook, useful both for initial learning and for later 
reference.” — New England Journal of Medicine 
1985/938 pp/813 illus, 210 in color/$198.00/#90978-8 


Latest Volumes in Comprehensive Manuals of 
Surgical Specialties 


New Second Edition . . . 
Manual of Gynecologic Surgery 
Edited by B.J. Masterson, MD 


This volume is a comprehensive, handsomely illustrated guide for oper- 
ative decision-making and technique in female pelvic surgery. For prob- 
lems requiring surgical intervention, this book gives you a step-by-step 
guide to * anatomy * preoperative evaluation © surgical strategy * 
details of technique * postoperative management and © anticipated 
results. Manual of Gynecologic Surgery will greatly add to your 
understanding of the most current developments in gynecologic surgery. 
1986/379 pp/294 illus, mostly in color/$209,95/#96193-3 


Manual of Vascular Surgery, Vol. H 
E.J. Wylie, MD; R.J. Stoney, MD; W.K. Ehrenfeld; and 
D.J. Effeney, MD 


In this outstanding, beautifully illustrated companion volume, the 
authors continue the theme developed in Volume I. They decribe surgi- 
cal management of atherosclerotic disease and other lesions of the 
arteries in the lower extremities. Proven surgical techniques . . . 
Clearly and skillfully presented are once more beautifully displayed in 
this newest volume in the series. 

1986/338 pp/542 illus, 428 in color/$230.00/#90409-3 

Vol. I: 1980/264 pp/557 illus/$165.00/#90408-5 


Manual of Aesthetic Surgery 

J.C. Fisher, MD; J. Guerrerosantos, MD; and M. Gleason, MD 
“The text is short but well presented and complemented by a large 
number of beautiful full color and black and white illustrations that 
explain basic anatomy and demonstrate step-by-step surgical proce- 
dures.” ~~ Current Surgery 
1985/125 pp/134 illus, 81 in full color/$165.00/#96045-7 


Manual of Upper Gastrointestinal Surgery 

W.H. ReMine, MD; W.S. Payne, MD; and J.A. van Heerden, MB 
Three experienced practitioners share their preferred techniques most 
frequently used at the Mayo Clinic for lesions in the upper gastrointes- 
tinal tract. The sections of the book include * the Esophagus and 
Esophagogastric Junction ¢ Surgical Anatomy and Physiology * Duo- 
denal Ulcers * Benign Gastric Lesions and ¢ Malignant Lesions. 
1985/124 pp/139 illus, mostly in color/$125,00/#96148-8 


For a closer look at these and other quality books, 

visit the S-V exhibit during ACS or write to: 

Springer-Verlag New York, Inc. 

Attn: D. Winkler 

175 Fifth Ave. 

New York, NY 10010 

(Personal checks, AmEx, VISA and MC are accepted. Please include 
$1.50 for shipping.) 
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Esophageal/duodenal decompression is 12-14 times 
more efficient than the gastric aspiration of alternative 
devices.” “Enteral Hyperalimentation” begins immediately 
postop, with reported decreased sepsis, wound problems, 
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decompression- 
feeding catheters 


MARK IV is the most 
compact (#18 Fr), efficient, 
and occlusion resistant 
design since initially intro- 
duced in 1963. Its integral 
spring guide-wire makes it 
the most easily passed. 


DISTRIBUTED BY 


MOSS TUBES, INC. 
Box 296 

W. Sand Lake, NY 12196 
(518) 674-3109 


of #18 Fr biocompatible 
urethane for minimum 
trauma without sacrificing 
efficiency or performance. 
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Pyloric and Gastric Preserving Pancreatic Resection 


Experience with 87 Patients 





JOHN W. BRAASCH, M.D. 
DANIEL J. DEZIEL, M.D.* 


RICARDO L. ROSSI, M.D. 


Eighty-seven patients with neoplasm (57 cases), pancreatitis (28 
cases), or benign biliary obstruction (2 cases) were treated with 
pyloric preserving pancreatectomy with two postoperative deaths, 
neither due to abdominal complications. About 50% of patients 
had delay in récovery of gastrointestinal function. Six and seven 
patients had clinically significant biliary and pancreatic fistulas, 
respectively, with some patients having both. Complications re- 
quired 16 reoperations. Marginal ulcer was suggested by endos- 
copy or barium study in five patients, three of whom were suc- 
cessfully managed by a medical regimen. In the other two pa- 
tients, exploration failed to demonstrate an ulcer or jejunitis. In 
most patients, long-term gastrointestinal fanction was judged to 
be excellent based on weight gain and lack of digestive symptoms. 
Pyloric function and gastric motility were evaluated by abdominal 
scanning using indium 111 and technetium 99m. Gastric emptying 
of liquids and solids was normal. Estimations of enterogastric 
reflux showed a moderate difference between normal subjects 
and pancreatectomy patients. Cancer-free survival was compa- 
rable to that after the standard Whipple procedure. 


HIPPLE AND ASSOCIATES introduced two-stage 

limited pancreatoduodenectomy for carci- 

l noma of the ampulla of Vater in 1935! and 
one-stage radical pancreatoduodenectomy in 1945.? Since 
then, many modifications of the original procedure have 
evolved, and various methods of reconstruction have been 
developed, particularly for management of the pancreatic 
remnant.’ In addition, the indications for pancreatodu- 
odenectomy have been extended to treatment of chronic 
pancreatitis and periampullary and pancreatic neoplasms. 
Although the original technique did not include gastric 
resection,'*”* partial gastrectomy was thought to be a 
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necessary step in Whipple’s procedure until 1978 when 
Traverso and Longmire’ reported two patients in whom 
pancreatoduodenectomy was performed with preservation 
of the entire stomach and the first portion of the duo- 
denum and reconstruction of the gastrointestinal tract by 
end-to-side duodenojejunostomy. 

It is important to evaluate this variation in pancreato- 
duodenectomy to determine if its promise of improved 
gastrointestinal function is realized and to document its 
effect on cancer survival, postoperative morbidity and 
mortality, and incidence of jejunal ulceration,,a compli- 
cation that has plagued the standard Whipple procedure. 
In an earlier report,!° we documented our preliminary 
results with this operation, which have been expanded 
here to include more patients, a longer follow-up period, 
and postoperative studies of gastric emptying and pyloric 
function. 


Patients 


From September 1979 through October 1985, 87 pa- 
tients underwent pancreatic resection with pyloric and 
gastric preservation. Seventy-one patients had a hemi- 
pancreatectomy (head of the pancreas) with excision of 
the distal bile duct and various proportions of the duo- 
denum (Fig. 1). A total pancreatectomy was performed 
in 13 patients, and three others had completion total pan- 
createctomy, having had a distal pancreatectomy previ- 
ously. Thirty-four two-layer end-to-side pancreaticojeju- 
nostomies and 33 dunking end-to-end pancreaticojeju- 
nostomies were used in the reconstruction. Three 
pancreatic remnants were oversewn, and in another pa- 
tient a previously performed anastomosis was preserved. 
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Fic. 1. Reconstruction after pyloric and gastric preserving pancreatodu- 
odenectomy. 


Fifty-eight patients were men, and 29 were women. Ages 
ranged from 19 to 82 years, with a median age of 53 years. 

The diagnosis was neoplasm in 57 patients, chronic 
pancreatitis in 28 patients, and miscellaneous benign le- 
sions in two patients (Table 1). The most common neo- 
plasms were adenocarcinoma of the ampulla of Vater (18), 
adenocarcinoma of the pancreas (14), and adenocarci- 
noma of the distal bile duct (12). 

Patients with chronic pancreatitis selected for operation 
had lateralization of advanced disease to the head of the 
pancreas, usually with biliary and possibly duodenal ob- 
struction, had appreciable alteration of life-style because 
of the disease, and required narcotic agents for control of 
pain. In patients with adenocarcinoma of the head of the 
pancreas, pancreatoduodenectomy was carried out if the 
initial dissection demonstrated no positive nodes and no 
invasion of the portal vein, superior mesenteric vein, or 


TABLE |. Diagnoses in 87 Patients with Pyloric and Gastric 
Preserving Pancreatectomy 





Diagnosis No. 





Chronic pancreatitis 28 
Ampullary adenocarcinoma 18 
Pancreatic adenocarcinoma 14 
Bile duct adenocarcinoma 12 
Pancreatic cystadenocarcinoma 4 
Pancreatic islet cell tumor 4 
Duodenal adenocarcinoma 3 
Bile duct sarcoma l 
Duodenal sarcoma I 
Ampullary adenoma Í 
Sclerosing cholangitis i 
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hepatic artery. Resection was accomplished in patients 
with other neoplasms of the pancreas or periampullary 
area if the nodes in the resectable field were positive but 
no spread outside this field was observed. Patients with 
villous adenoma of the ampulla and sclerosing cholangitis 
were resected under the assumption of presence of ma- 
lignant disease based in the first patient on frozen-section 
pathologic examination. 

The length of follow-up for the various diagnoses is 
displayed in Table 2. The median follow-up period for 
living disease-free patients ranged from 14 to 28 months. 


Methods 


Gastric emptying was assessed in the postoperative pe- 
riod by the length of time gastric suctioning by nasogastric 
or gastrotomy tube was necessary before low residue gas- 
tric aspirates were obtained or before gastrointestinal 
function was evident. In long-term follow-up studies, gas- 
tric emptying was assessed in five patients and five control 
subjects by the use of indium 111 in water’! or technetium 
99m sulfur colloid adsorbed to the white of scrambled 
eges.'* After the ingestion of radioisotope in this form, 
disappearance of gastric radioactivity on scanning was re- 
corded. 

Enterogastric reflux as evidence of pyloric sphincter 
function was calculated from data obtained with the use 
of technetium 99m bound to iminodiacetic acid, which 
is excreted in bile. This method! '!? is based on differential 
scanning of the liver, the first portion of the small intestine, 
and the stomach, allowing calculation of an enterogastric 
reflux index. The index reflects the percentage of pan- 
creatobiliary and jejunal contents that refluxes into the 
stomach over a period of time after introduction of tracer 
isotopes. 

Actuarial analysis of survival was carried out by the 
Kaplan-Meier product-limit method on patient groups 
presenting with ampullary adenocarcinoma (18 patients), 
adenocarcinoma of the head of the pancreas (14 patients), 
and bile duct adenocarcinoma (12 patients). In the biliary 
carcinoma group, one patient died of pulmonary failure 
after operation, and one patient died of colon cancer me- 
tastases without biliary disease 63 months after pancre- 
atectomy. These deaths were censored to calculate ad- 
justed survival distributions and adjusted 5-year survival 
rates for the three groups. The statistical significance of 
differences in survival patterns was determined by logrank 
analysis. 

This project was approved by the Committee on Hu- 
man Experimentation of the Lahey Clinic Foundation. 


Results 


Eighty-seven pancreatic resections, of which 71 were 
the Whipple type of pancreatoduodenectomy, were ac- 
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GASTRIC PRESERVING PANCREATIC RESECTION 413 
TABLE 2. Survival and Follow-up Periods in 84 Patients with Pyloric and Gastric Perserving Pancreatectomy* 
Dead of Disease Alive with Disease Alive without Disease 
Follow-up Follow-up Follow-up 
(Months) (Months) (Months) 
No. of No.of (2° > No. of ——— a eras No. of coe 
Disease Patients Patients Median Range Patients Median Range Patients Median Range 
Pancreatitist 27 0 N/A N/A 
Ampullary 
adenocarcinoma 18 4 7 7-28 2 19 10-27 12 27 2-65 
Pancreatic 
adenocarcinoma 14 10 16 422 0 N/A N/A 4 28 7-65 
Bile duct 
adenocarcinoma 11 3 5 3-8 2 37 14-60 6 23 5-63 
Miscellaneous 14 4 14 4.50 0 N/A N/A 10 14 2—44 
N/A = not applicable. t Twenty-seven patients are alive with median follow-up of 20 months. 


* Excludes two patients dead after operation and one patient lost to 
follow-up after hospital discharge. 


complished. Two patients died of operative complications 
after pancreatoduodenectomy with anastomosis of the 
pancreatic stump. One death was due to massive pul- 
monary embolus on the seventh postoperative day in an 
otherwise uncomplicated convalescence. The other death 
followed pneumonia and pulmonary failure in a patient 
who had compromise of pulmonary. function before op- 
eration because of long-standing chronic lung disease and 
tuberculosis that was treated by collapse therapy. This 
patient likewise had no abdominal complications. 
Postoperative complications are detailed in Table 3. By 
far the commonest was transient gastric outlet obstruction 
defined as requiring gastric suction for more than 7 days 
after operation. This delay in gastric emptying was ex- 
perienced by about 50% of patients in whom median 
length of prolongation of gastric suction was to the elev- 
enth postoperative day. The two longest periods were 22 


TABLE 3. Postoperative Complications after Pyioric and Gastric 


Preserving Pancreatectomy 
No. of No. of 
Complication Patients Reoperations 
Delayed gastric emptying* 45 | 
Pneumonitis with fever 14 0 
Abdominal abscess 7 6 
Pancreatic leak 7 2 
Biliary fistula 6 0 
Cardiac arrhythmia 3 0 
Wound with major sepsis 2 0 
Wound with dehiscence } 1 
Intraperitoneal bleeding 1 I 
Gastric bleeding l 1 
Pulmonary embolus l 0 
Myocardial infarction 1 0 
Pneumonia and pulmonary failure l 0 
Hepatic abscess l 0 
Total 91 12 


* Gastric suction required for more than 7 days. 


and range of 4-65 months. 


and 48 days. One patient required a pyloroplasty, which 
successfully resolved a localized stenosis without ulcer at 
the pylorus. 

A clinically significant pancreatic fistula or leak, as de- 
termined by collection of more than 25 ml of pancreatic 
juice per day, occurred in seven patients and required 
reoperation in two patients for control. Six patients had 
a clinically important biliary fistula as defined by collec- 
tion of over 50 ml of bile per day on wound suction for 
more than 2 days. Four of the pancreatic fistulas occurred 
in 34 end-to-side two-layer pancreaticojejunostomies, and 
two occurred in 33 dunking type of pancreaticojeyunos- 
tomies. 

There were 15 late complications of these procedures, 
and four reoperations were required (Table 4). The di- 
agnosis of marginal ulcer was suggested in five patients 
based on endoscopic or radiographic examination or both. 
Of these patients, three were treated successfully by med- 
ical means, one underwent reoperation because of pain, 


TABLE 4, Late Complications after Pyloric and Gastric 


Preserving Pancreatectomy 
No. of No. of 
Late Complication Patients Re-explorations 

Pain management problem 3 0 
Marginal ulcer requiring medical 

therapy* . 3 0 
Marginal ulcer requiring surgery* 2 2 
Abdominal adhesions with intestinal 

obstruction 2 2 
Poorly controlled diabetes 2 0 
Aspirin gastritis hemorrhage Ji 0 
Gastrojejunitis on endoscopy l 0 
Poor nutritional status requiring 

hyperalimentation 1 0 
Total 15 4 


* Diagnosis by endoscopy or radiography. Not proved at operation. 
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FIG. 2. Gastric emptying of solids and liquids in pancreatectomy patients 
and normal subjects. 


and one had a transthoracic vagotomy. No ulcer was 
proved at operation in either of the latter two patients. 

One patient had an upper gastrointestinal hemorrhage 
from aspirin-induced gastritis, and one patient had gas- 
trojeyunitis demonstrated by endoscopy, which was suc- 
cessfully managed without operation. 

Long-term gastrointestinal function and nutritional 
status were evaluated in 63 patients who were at least 4 
months beyond the postoperative period and had no evi- 
dence of recurrent cancer. These patients achieved median 
values of at least 101% of preoperative weight and 95% 
of preillness weight. Long-term digestive symptoms were 
noted to be unusual. Six patients, of whom three were in 
the pancreatitis group, had abdominal pain. Two patients 
had occasional nausea and vomiting, one noticed mild 
dumping, and eight had nondisabling diarrhea despite 
pancreatic enzyme supplementation. Forty-nine of 63 
patients (78%) stated that their meal capacity was 100% 
of what they considered normal. 

An idea of the long-term patency of pancreatic anas- 
tomosis can be gained from our finding that seven of nine 
patients with two-layer end-to-side anastomosis required 
pancreatic exocrine substitution therapy because of diar- 
rhea compared with ten of 24 patients with a dunking 
type of anastomosis. These cases do not include patients 
with chronic pancreatitis and those not able to be eval- 
uated because of recurrent malignancy. 
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As judged from the entire group, no difference in delay 
of gastric emptying in the postoperative period was ap- 
parent between the two types of pancreatic anastomoses. 
Twenty of 33 patients who had dunking anastomosis and 
19 of 34 who had a two-layer end-to-side anastomosis 
experienced this delay. It is of interest that only four of 
16 patients who had a total or completion total pancre- 
atectomy without pancreatic anastomosis noticed a delay 
in gastric emptying. 

Percentage radioactivity of ingested isotope was plotted 
against time for five control subjects and five pancreatec- 
tomy patients months to years after gastric preserving 
pancreatectomy (Fig. 2). The exponential curve illustrates 
no difference between these groups in the emptying of 
liquids and solids. 

Data on enterogastric reflux in relation to time are il- 
lustrated in Figure 3. Five patients with pyloric preserving 
pancreatectomy are compared with four control subjects. 
Also plotted are indexes in patients who have had Billroth 
II anastomosis with and without symptoms of bile reflux 
gastritis along with control values adapted from Tolin et 
al.'' As shown, appreciable isotopic reflux occurs in pa- 
tients with symptoms of bile reflux gastritis after Billroth 
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II gastrectomy, and lesser reflux is present in patients 
without such symptoms. A significant difference was ob- 
served between our normal subjects and pancreatectomy 
patients. We noted a wide divergence of reflux values in 
pancreatectomy patients with pyloric preservation such 
that three of the five pancreatectomy patients had reflux 
curves similar to control subjects, but two of the five 
showed isotopic evidence of reflux. 

Follow-up data on all patients are displayed in Table 
2. Only one patient (who had pancreatitis) has been lost 
to follow-up after hospital discharge. Ten of 14 patients 
resected for pancreatic adenocarcinoma are deceased at 
a median time of 16 months. Four of 18 patients with a 
diagnosis of ampullary adenocarcinoma and three of 11 
patients with a diagnosis of bile duct adenocarcinoma are 
deceased at a median time of 7 and 5 months after op- 
eration, respectively. Of those patients still living who are 
disease free as calculated by the direct method, the median 
postoperative follow-up times are 28, 27, and 23 months 
for pancreatic, ampullary, and bile duct adenocarcinomas 
with periods ranging up to 65 months. Actuarial product- 
limit analysis of survival after resection for neoplasm is 
presented in Figure 4. Adjusted actuarial 5-year survival 
was 70.6 + SE 13.5% in the ampullary adenocarcinoma 
group, 68.2 + 15.8% in the bile duct adenocarcinoma 
group, and 17.0 + 10.9% in the group with adenocarci- 
noma of the pancreatic head with two long-term survivors 
free of disease 44 and 65 months after resection. In the 
ampullary and bile duct adenocarcinoma groups, median 
survival time had not been reached in January 1986, 65 
months after the start of the series. Median survival time 
of the group with adenocarcinoma of the head of the pan- 
creas was 18 months. 

Logrank analysis of survival distribution indicates a 
significant difference between length of survival in groups 

- with adenocarcinoma of the ampulla and of the pancreatic 

' head (p = 0.02). No significant differences could be de- 
tected between the bile duct adenocarcinoma group (3 
deaths, 9 withdrawals) and either the ampullary (p = 0.56) 
or pancreatic head (p = 0.22) group. Pathologic exami- 
nation of regional lymph nodes demonstrated negative 
findings in 44% of patients with ampullary adenocarci- 
noma, 57% of patients with adenocarcinoma of the pan- 
creatic head, and 91% of patients with bile duct adeno- 
carcinoma. 


Discussion 


In 1978 when Traverso and Longmire’s’ modification 


of the Whipple pancreatoduodenectomy was proposed 
and demonstrated in two patients with chronic pancre- 
atitis, doubts were raised as to the propriety of preserving 
~ the pylorus, first portion of the duodenum, and stomach 
œin an operation for periampullary carcinoma. Data from 
a life-table analysis of survival after resection for malignant 
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FIG. 4. Adjusted actuarial survival after pancreatectomy in patients with 
ampullary adenocarcinoma, bile duct adenocarcinoma, and adenocar- 
cinoma of the head of the pancreas. Group sizes in parentheses; MST 
= median survival time. In the ampullary and bile duct adenocarcinoma 
groups, median survival times had not been reached at the periods of 
longest survival in January 1986. Vertical marks indicate censoring times. 


disease (Fig. 4) and from the study by Grace et al. in 
19861 suggest that survival in cancer patients having this 
operation is as good or better than results?* after the stan- 
dard Whipple procedure. This is understandable since 
widespread metastases are likely to occur within the upper 
abdomen if tumor involves the wall of the stomach, prox- 
imal duodenum, or the supraduodenal artery.'* Therefore, 
preservation of these tissues would be unlikely to influence 
survival. 

In view of a tradition of partial gastrectomy, sometimes 
with vagotomy, it has been feared that the gastric pres- 
ervation modification of Whipple’s operation might in- 
crease marginal and peptic ulceration. The incidence of 
jejunal ulceration after the standard Whipple procedure 
has varied between 6 and 20%.'*!” In the group reported 
here, jejunal ulceration has been easy to control by med- 
ical means in three patients. One patient who underwent 
surgery surprisingly had no evidence at operation of je- 
junal ulcer even though ulcer had been suggested endo- 
scopically. The other had a transthoracic vagotomy else- 
where, and the ulcer was not directly visualized. 

In 1948 Wollaeger et al! recorded the weights of pa- 
tients undergoing the traditional Whipple procedure. At 


6-30 months after operation, their patients had achieved ` 


87% of their preillness weight. Fish et al.!? reported on 
six patients in whom weight at least 20 months after the 
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Fic. 5. Course of supraduodenal artery. 


standard Whipple procedure averaged 21 pounds below 
the preoperative level. There was some question as to the 
adequacy of enzyme substitution therapy in these patients. 
The patients in our study achieved a median of 95% of 
preillness weight and 101% of preoperative weight. Mielke 
et al.?° and Wollaeger et al.*' studied absorptive function 
after pancreatectomy and gastrectomy and found a clin- 
ically significant deficiency. We believe that our patients 
benefited by their ability to eat without digestive symp- 
toms and, in most cases, to normal capacity. Normal gas- 
tric emptying and partial prevention of enterogastric reflux 
evidenced by our isotopic studies are of course a plus for 
nutritional status after this procedure. 

It is important to note that the operative time is short- 
ened with pyloric and gastric preservation because gastric 
resection, vagotomy, and a large gastrojejunal anastomosis 
need not be carried out. The anastomosis of the duo- 
denum to the jejunum is relatively simple and quickly 
accomplished. 

We have observed in the course of these procedures 
that the so-called right gastric artery is either not present 
or rudimentary in most patients. The supraduodenal ar- 
tery, on the other hand, arises from the hepatic artery and 
proceeds to the first portion of the duodenum, the pylorus, 
and the antrum along the lesser curvature (Fig. 5). The 
preservation of this artery is potentially of great impor- 
tance in providing earlier gastric emptying after operation. 
The drawback of pyloric preservation 1s a prolonged pe- 
riod of gastric suction. This time can be shortened by 
attention to preservation of the supraduodenal artery and 
vagal innervation of the antrum, which 1s essential for 
gastric emptying. 

A low death rate after pancreatoduodenectomy, al- 
though reported in the past,**? has not been experienced 
by all surgeons. The low mortality in our series and in 
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the recent reports of others!**-*° is testimony to the im- 


proving techniques for pancreaticojejunostomy. In our 
view the use of the dunking anastomosis for patients with 
soft pancreatic glands and small pancreatic ducts (those 
patients without obstructed pancreatic ducts) is crucial to 
achieve low mortality.” It is of interest that in our group 
of patients no death was due to leakage from the pancreatic 
anastomosis. 

Two-layer end-to-side pancreaticojeyunostomy has been 
considered superior to the dunking anastomosis because 
in the former the pancreatic duct remained unobstructed 
after the postoperative period. It was assumed that ob- 
struction of the duct ensued after dunking anastomosis 
because of fibrosis. Our data on the incidence of need for 
pancreatic exocrine supplementation do not bear this out. 
In all our anastomoses, a stent is placed through the pan- 
creatic anastomosis, down the jejunum, and out a stab 
wound in the jejunal and abdominal wall. This is initially 
placed on suction and is removed after 2-3 months.’ In 
our view, this technique is important in the long-term in 
maintaining the patency of pancreatic anastomoses and 
in the short-term in preventing morbidity and mortality 
from possible pancreatic leakage. 


Acknowledgment 


The important contribution of Douglas L. Maybury, R.T.R., to the 
radionuclide studies 1s acknowledged. 


References 


1. Whipple AO, Parsons WB, Mullins CR. Treatment of carcinoma 
of the ampulla of Vater. Ann Surg 1935; 102:763~779. 

2. Whipple AO. Pancreaticoduodenectomy for islet carcinoma: 5-year 
follow-up. Ann Surg 1945; 121:847~852. 

3. Hunt VC. Surgical management of carcinoma of the ampulla of 
Vater and of the periampullary portion of the duodenum. Ann 
Surg 1941; 114:570~602. 

4, Cattell RB. Resection of the pancreas: discussion of special problems. 
Surg Clin North Am 1943; 23:753~-766. 

5. Cattell RB. A technic for pancreatoduodenal resection. Surg Clin 
North Am 1948; 28:761~-775. 

6. Mackie JA, Rhoads JE, Park CD. Pancreaticogastrostomy: a further 
evaluation. Ann Surg 1975; 181:541-545. 

7. Sauvé L. Des pancréatectomies et spécialement de la pancréatectomie 
céphalique. Rev Chir 1908; 37:335-385. 

8. Kausch W. Das Carcinom der Papilla duodeni und seine radikale 
Entfernung. Beitr Klin Chir 1912; 78:439-—486. 

9. Traverso LW, Longmire WP Jr. Preservation of the pylorus in pan- 
creaticoduodenectomy. Surg Gynecol Obstet 1978; 146:959-962. 

10. Braasch JW, Gongliang J, Rossi RL. Pancreatoduodenectomy with 
preservation of the pylorus. World J Surg 1984; 8:900~905. 

11L. Tolm RD, Malmud LS, Stelzer F, et al. Enterogastric reflux in normal 
subjects and patients with Bilroth I] gastroenterostomy: mea- 
surement of enterogastnic reflux. Gastroenterology 1979; 77:1027- 
1033. 

12. Kroop HS, Long WB, Alavi A, Hansell JR. Effect of water and fat 
on gastric emptying of solid meals. Gastroenterology 1979; 77: 
997-1000. 

13. Shaffer EA, McOrmond P, Duggan H. Quantitative cholescintig- 
raphy: assessment of gallbladder filling and emptying and duo- 
denogastric reflux. Gastroenterology 1980; 79:899-906. 

14. Grace PA, Pitt HA, Tompkins RK, et al. Decreased morbidity and ~ 


Vol. 204 » No. 4 


mortality after pancreatoduodenectomy. Am J Surg 1986; 151: 
141-149, 

15, Warren KW, Choe-DS, Plaza J, Relihan M. Results of radical re- 
section for periampullary cancer. Ann Surg 1975; 181:534~-540. 

16. Cooperman AM. Cancer of the pancreas: a dilemma in treatment. 
Surg Clin North Am 1981; 61:107-115. 

17. Grant CS, van Heerden JA. Anastomotic ulceration following sub- 
total and total pancreatectomy. Ann Surg 1979; 190:1-5. 

18. Wollaeger EE, Comfort MW, Clagett OT, Osterberg AE. Efficiency 
of gastrointestinal tract after resection of head of pancreas. JAMA 
1948, 137:838-848. 

19. Fish JC, Smith LB, Williams RD. Digestive function after radical 
pancreaticoduodenectomy. Am J Surg 1969; 117:40-45. 

20. Mielke F, Beger HG, Schirop T. Digestive und inkretorische Funk- 
tionen nach partieller Duodeno-Pankreatektomie. Dtsch Med 
Wochenschr 1975; 100:171-176. 

21. Wollaeger EE, Waugh JM, Power MH. Fat-assimilating capacity of 
the gastrointestinal tract after partial gastrectomy with gastrodu- 


DISCUSSION 


Dr. JOHN M. Howarp (Toledo, Ohio): I rise to congratulate the 
authors on the wonderful technical results of this study, and perhaps to 
pay tribute to Kenneth Warren and Richard Cattell who contributed in 
some ways to making possible such an experience. 

(Slide) We have not used the technique of pyloric preservation, but I 
would like to comment on 98 consecutive Whipple resections done by 
a single surgeon. We resect the pylorus. We intubate the pancreaticoje- 
junostomy and bring the tube out the Roux-y to the skin. This is con- 
nected to a drainage bag. Some drain very well and some do not drain. 
It is my impression that those that drain well in the postoperative period 
have a benign postoperative course and a better nutritional follow-up 
result than the patients who do not drain well. 

(Slide) The results of the 98 Whipple resections include one marginal 
ulcer, presenting as an upper gastrointestinal hemorrhage about 6 weeks 
after resection. The ulcer was seen on gastroscopy. There has been no 
late operation required for marginal ulcer. We have not done vagotomy 
on any of these patients. The patients who have lost weight in the ma- 
lignant group have, in general, proved to have recurrent or continuing 
malignant disease. Those in the benign group have had pancreatic in- 
sufficiency and have responded fairly well to pancreatic supplementation. 
It is my impression that the pancreas and the neoplasm determine weight 
gain to a significantly greater extent than does gastric digestion. You will 
recall that at least two of three studies have shown that the majority of 
patients who came to operation with chronic pancreatitis had gastric 
anacidity. 

(Slide) In the earlier summary of 28 patients who came to resection 
for carcinoma of the head of the pancreas, when we followed them, there 
were only 23 who were eligible for 5-year survival. Three patients, or 
13%, survived 5 years. In those with benign disease, in a 5-year follow- 
up, there has been no fatality. 


Dr. RONALD K. TOMPKINS (Los Angeles, California): Dr. Longmire 
and I appreciated the opportunity to review this manuscript and con- 
gratulate Dr. Braasch and his colleagues on this very large series of pan- 
creaticoduodenectomies with pylorus preservation done with a very low 
mortality. 

It is important to recognize that Dr. Watson, of the East Surrey Hospital 
in England, reported a case of pylorus preservation during pancreati- 
coduodenectomy that he had operated on in 1943 (this was in the British 
Journal of Surgery shortly thereafter). This patient had an adenocarci- 
noma of the ampulla of Vater and, following operation, had a period of 
15 days of delayed gastric emptying and persistent vomiting. Mr. Watson 
reoperated on her at that time and put in a feeding jejunostomy, and in 
another week he had to reoperate for drainage of a subhepatic abscess. 
_ Her pancreatic fistula healed in about 3⁄2 months, and she did well there- 
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Our experience at UCLA has been with 39 cases using this procedure; 
27 had tumors (11 were pancreatic cancers) and 12 had pancreatitis. 
There were two postoperative deaths in the early years. The morbidity 
rate was 22%, including only two pancreatic and one biliary fistula. 

Gastrointestinal function returned on the average 8 days after the 
operation, and solid food ingestion was begun on the average 12 days 
after the operation. We have had only one patient who developed peptic 
ulceration, and interestingly that was in the duodenum after this pro- 
cedure and required resection. Two others were diagnosed as having 
bleeding from gastritis but were treated medically. 

As Dr. Braasch mentioned, the survival of our patients with this type 
of procedure for carcinoma of the pancreas is statistically similar to that 
of patients having a standard Whipple procedure, and this was reported 
earlier this year. 

Our long-term studies, done by a colleague of ours, Dr. Aaron Fink 
at UCLA, have compared several physiologic parameters of these patients 
with the standard Whipple patients, and he has found equally good func- 
tion in both groups. Despite the failure to show any superiority of the 
pylorus preserving procedure, it is our clinical impression that this op- 
eration is technically easier and that the patients do appear better clin- 
ically. Since the operation is technically easier, it will probably be used 
more frequently as these reports multiply. I think they probably should 
be reserved, however, for patients with benign disease or the more fa- 
vorable malignancies, as Dr. Braasch mentioned, especially those in the 
ampulla or the distal bile duct. 

I would like the authors to comment on these points and also tell us 
if they have had to abandon the planned pylorus preservation procedure 
because of poor vascularity in the duodenum in any of these cases. 


Dr. JOHN R. BROOKS (Boston, Massachusetts): This is an impressive 
series. | am impressed particularly by what appears to be an excellent 
nutritional result. In our experience there has always been a tendency 
for the patients to lose weight following total pancreatectomy for malig- 
nancy and not return to where they were before operation. 

I am also impressed, parenthetically, with the good 5-year survival 
results that Dr. Howard has just reported. His 15% is extremely high. 
Ours is 8% at the moment, with total pancreatectomy for carcinoma of 
the pancreatic head. 

I wonder if Dr. Braasch could separate out his 5-year survival, com- 
paring the Whipple procedure with total pancreatectomy. 


Dr. LAWRENCE W. Way (San Francisco, California): I enjoyed this 
presentation, which is both timely and important. I am also among those 
who believe that patients fare better late after a Whipple procedure if 
their stomach is spared, and that the theoretical compromise in thor- 
oughness of tumor removal is probably of little importance. 
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We, too, were interested in gastric function after this procedure, and 
we measured gastric emptying and small bowel transit in ten patients an 
average of 16 months after pylorus-preserving pancreaticoduodenectomy. 
We found that the rate of gastric emptying was normal in six patients, 
was faster than normal in three patients, and was abnormally slow in 
one patient. The emptying curves in the three patients with rapid emp- 
tying resembled those seen after partial gastrectomy. The single patient 
with slow emptying was eventually found to have diffuse carcinomatosis, 
but without mechanical gastric outlet obstruction. Small bowel transit 
was found to be fast in seven of the ten patients, changes that presumably 
result from loss of exposure of the duodenum to food and the effects of 
vagotomy on the small bowel. 

The six patients who had normal gastric emptying and the three with 
accelerated gastric emptying were all asymptomatic and healthy. Their 
nutrition was stable, and their weight averaged only slightly below their 
preiliness weight. 

Thus, our findings add further support to your conclusions drawn 
from your large experience with this operation. 


Dr. JOHN L. CAMERON (Baltimore, Maryland): There have been two 
trends evident in most series of pancreaticoduodenectomies presented 
over the past 3 or 4 years, and they certainly are present in this series 
beautifully presented by Dr. Braasch. 

The first is that the mortality for this operative procedure, which just 
a decade ago was in the range of 20-25%, is now consistently in the 
range of 5% or below. There were two deaths of 87 in this series. We 
have recently reviewed our data in Baltimore, and we have had one 
death out of 70 Whipples in the last 5 years. 

The second trend is clearly an improvement in survival for all four of 
the periampullary carcinomas, including carcinoma of the head of the 
pancreas. Five-year survivals now, at least on an actuarial curve, in the 
range of 10-20% as demonstrated in Dr. Braasch’s series, and also in 
ours, are becoming more and more common in carcinoma of the pan- 
creas. | wonder if Dr. Braasch has any explanation for these two trends. 


Dr. Larry C, CaREY (Columbus, Ohio): The points made are very 
important, especially Dr. Cameron’s reiteration of the plummeting op- 
erative mortality in an operation that not long ago was almost abandoned, 
or at least its abandonment was suggested because of its unacceptably 
high operative mortality. Now, mortality rates of 5% or under are 
common. 

There are two factors that need to be added to that formula. One is 
the resectability rate, because while operative mortality is falling in most 
series, operative resectability is increasing. Figures now are approaching 
25-30% in pancreatic cancers and as high as 60-70% in other periam- 
pullary cancers. 
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The other factor of importance is the mortality of bypass procedures, 
which like resection has been quoted frequently as being 20% or higher. 
I wonder if Dr. Braasch can tell us, in his remarkable experience, those 
two pieces of information. What is the mortality for the patients who 
have unresectable lesions and are treated only by bypass? Secondly, what 
is your Current resectability rate for pancreatic cancer and then for the 
other periampullary cancers? 


DR. JOHN W. BRAASCH (Closing discussion): We appreciate the interest 
this has aroused and hearing from all the discussants. Dr. Howard, to 
you along with Drs. Cattell and Warren, who is also in the audience, we 
appreciate the strong shoulders on which we stand when we make pre- 
sentations such as this. 

Dr. Tompkins asked about the indications for the pylorus-preservation 
operation. We use it in all resections of the right part of the pancreas for 
chronic pancreatitis except in those patients who have a history of duo- 
denal ulcer disease. We use it in all ampullary and periampullary tumors 
except those cancers of the duodenum or bile duct that are in close 
proximity to the first centimeter of the duodenum. 

Dr. Tompkins asked if we have abandoned the procedure because of 
poor vascularity in the first portion of the duodenum after it has been 
sectioned. | would say no. I have anastomosed some duodenums with 
a little fear and trepidation because of their dusky color, but in all these 
cases we have never had a leak of the duodenal—jejunal anastomosis. 

Dr. Brooks raised the question of our experience with total pancre- 
atectomy for carcinoma in this series. Most of the patients who had total 
pancreatectomy were completion totals and were done for pancreatitis. 
As | recall, we had only one or two patients in whom a total was performed 
for malignancy. One was early in the experience; the gland was very soft, 
and I did not think it could be anastomosed safely. That was an ampullary 
cancer. The other patient had a carcinoma of the pancreas, and there 
was involvement of the cut section of the pancreas, which I had not 
anticipated. I do not think we can comment on just these two cases. 

We are indebted to Dr. Way for sharing his experience with the testing 
of gastric emptying and duodenal reflux following this procedure. His 
experience is certainly larger than that presented here. 

As for Dr. Cameron's remarks, we have found that 50% of our patients 
had negative nodes when we were dealing with cancer of the pancreas 
or cancer of the ampulla, and 90% of our patients with bile duct cancers 
had negative nodes. Thus, one might think we are dealing with earlier 
tumors in these locations. This might explain the longer survivals. 

With the Secretary’s permission, I have 1 minute of a tape I would 
like to play that might be of interest to the membership. The three authors 
of Whipple’s original 1935 paper were Drs. Whipple, Parsons, and Mul- 
lins. Dr. Mullins is still living in Concord, New Hampshire, and I had 
occasion to interview him. (The tape was played.) 





Jameson L. Chassin, MD, Profes- 
sor, Clinical Surgery, New York 
University School of Medicine and 
Director of Surgery, Booth Memorial 
Medical Center, NY 

Here is what enthusiastic critics have had 
to say about these outstanding publica- 
tions: 

From the reviews of Volume I: 

**. . .Concise but thorough, and is greatly 
enhanced by the crystal-clear illustra- 
tions... .”’ 


. a 


-JAMA 


“Dr. Chassin’s atlas is exceptional... . 
The techniques are clearly and concisely 
presented, and the illustrations are 
effective. . . . If Volume I is any 
indication, Volume H is bound to be a 
winner.” 

-Mayo Clinic Proceedings 


Volumes I and I 


Operative Strategy in General Surgery 


“It should be readily available to all 


‘‘Chassin has done a spectacular job, es- 


medical residents and have a place in the pecially when one considers that he is the 


library of every clinical surgeon.” 


sole author. . 


. . For the young surgeon 


-Journal of the Royal Society who is interested in buying an operation 
of Medicine manual, I have no reservations recom- 


From the reviews of Volume II: 

‘The chapters about the biliary tree and 
pancreas are excellent....Several other 
topics which are covered include abdomi- 
nal wall hernias, anorectal problems, pi- 
lonidal disease, thyroid disorders, and pa- 
rotid tumors. Finally there is an excellent 
section on miscellaneous problems in- 
cluding the surgical approach for mucosal 
ulcerative colitis and familial polyposis 
....A valuable addition to the library 
of either a surgical resident or a practic- 
ing surgeon. The major strength of the 
book is its detailed discussion of the con- 
cepts of the operation, as well as the op- 
erative strategy. This is not available in 


‘Every surgeon, young and old, will find other atlases of surgical techniques.”’ 


reading this atlas both interesting and 
rewarding.” 


-Arzt und Krankenhaus (W. Germany) 


-Cleveland Clinic Quarterly 
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mending this one.” 
-The American Journal of Surgery 


Vol. I: 1980/558 pp/528 illus/$94.60/ 
#90452-2 

Vol. I: 1984/665 pp/440 illus/$197.80/ 
#90984-2 


BOTH VOLUMES ARE AVAILABLE 
AT THE SET PRICE OF $192.59 
#91257-6 

(N. America only) 


For a closer look at Operative Strategy 
in General Surgery visit the Springer- 
Verlag Booth during ACS or contact: 
Springer-Verlag New York, Inc. 
Attn: D. Winkler 
175 Fifth Avenue 
New York, NY 10010 





OND INTERNATIONAL Symposium Ow Tissue REPAIR 


BIOLOGICAL 


& CLINICAL 


ASPECTS 


Innisbrook Resort, Tarpon Springs, Florida — MAY 13-17, 1987 


The 2nd INTERNATIONAL SYMPOSIUM ON TISSUE REPAIR will provide an Inter-disciplinary forum for the 
presentation and In-depth discussion of NEW BIOLOGICAL & CLINICAL ADVANCES IN THE AREA OF SOFT 


TISSUE REPAIR. 


The Program is being organized by Johnson & Johnson Products, Inc. and Symposia Medicus. Participants will 
include Investigators associated with a multitude of wound healing Issues. 


SUBJECTS TO BE DISCUSSED INCLUDE: 


“Cellular Responses to Soft Tissue Injury* 
*Mechanisms of Cell Nutrition & 


Wound Metabolism” 


*Mechanism of Mesenchymal Cell Growth & Specific Clinical Situations on the 
Effects/Potential of Factors (Agonists) on Wound Healing* 


PROGRAM PLANNING COMMITTEE: 


*Growth Factors & Wound Healing* 
“Immune System — Wound iInteractlons* 


*The Role of the Connective Tissue Matrix 
in Wound Healing* 


Adrian Barbul, M.D. — Sinai Hosp. & Johns Hopkins Univ., Dept. of Surgery, Baltimore, MD 
Michael Caldwell, M.D., PhD. — Brown Univ., Dept. of Surgery, Providence, RI 
Thomas K. Hunt, M.D. — Univ. of CA Sch. of Med. Dept. of Surgery, San Francisco, CA 
Ell Pines, PhD. — Johnson & Johnson Products, Inc., Dept. of Wound Healing, New Brunswick, NJ 


POSTER (ABSTRACTS) ARE CURRENTLY BEING SOUGHT — Mall 50-100 word abstracts to: 
Dr. Michael Caldwell — Dept. of Surgery, Brown University 


583 Eddy Street, Providence, R.i. 02902 


For further information regarding symposium registration/brochure, contact: 
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No matter how good a 
product, there are ways to 
make it even better. Over 15 
years of experience 
with clinical implants has 


established the standard 
GORE-TEX® Vascular Graft 
as the leading prosthesis, 
proven in thousands of 
clinical cases. 

Now there is a product 
that is even thinner and easier 
to use. 


The Thin Walled 
GORE-TEX® Vascular Graft 
more closely matches the wall 
thickness of natural vessels. 
Substantially thinner than our 
standard graft, the Thin 
Walled Graft allows for a more 
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The Thin Walled GORE-TEX Vascular 
Graft (right) shown in contrast to the standard 
graft, in 6mm diameters. 


precise anastomosis, and 
it meets the same high quality 
requirements of the 
standard graft. The Thin 
Walled Graft maintains 
excellent suture retention, yet 
is easier to handle. 

Toensure proper fit the 
Thin Walled Graft is readily 
available in a range of diam- 
eters from 3mm to 10mm, 


and in both ringed and non- 


ringed configurations. 


The Thin Walled 
GORE-TEX Vascular Graft 
¢ is biocompatible 
¢ does not require 
pre-clotting 
e resists aneurysmal 
dilatation 
¢ resists the spread of 
infection 
And is even thinner 
and easier to handle 
than the standard graft. 
For more information 
please use the coupon below 


or call toll free, 800-638-4804. 


Ihin Walled 
-Vascular Gratt. 


Name 
Address 
City 


Surgical Specialty 


O Please send me a complete 
bibliography on GORE-TEX 
Vascular Grafts. 


Hospital Affiliation 
W. L. Gore & Associates, Inc., Post Office Box 1220, Route 213 North, Elkton, MD 21921 





State Zip 


Phone 
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GORE-TEX is a Trademark of W L. Gore & Associates, Inc 


©1985 W L. Gore & Associates, Inc 


O Please have your representative 
call for an appointment. 
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(Imipenem-Cilastatin Sodium|MSD) 


For presumptive therapy 
in certain seriously ill patients with: 
Infections of unknown etiology 

_ Mixed injections 
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PRIMAXIN is highly effective for infections caused by indicated bacteria in most body sites: 
lower respiratory tract, urinary tract, skin and skin-structure, intraabdominal, gynecologic, 
and bone and joint infections, bacterial septicemia, and endocarditis. 
PRIMAXIN is not active against chlamydiae and Pseudomonas maltophilia, some strains of 

È Pseudomonas cepacia, many strains of methicillin-resistant staphylococci, Streptococcus 
Jaecium, some strains of anaerobic corynebacteria, and some strains of Flavobacterium. 
PRIMAXIN is contraindicated in patients who have shown hypersensitivity to any component 
of this product. Before initiating therapy with PRIMAXIN, careful inquiry should be made con- 
cerning previous hypersensitivity reactions to penicillins, cephalosporins, other beta-lactams, 
and other allergens. If an allergic reaction to PRIMAXIN occurs, discontinue the drug. 
Serious hypersensitivity reactions may require epinephrine and other emergency measures. 
In vitro susceptibility does not necessarily imply in vivo effectiveness. 
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Copyright © 1986 by Merck & Co., Inc. 
Please see Brief Summary of Prescribing Information: 
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Contraindications: PRIMAXIN is contraindicated in patients who have shown 
hypersensitivity to any component of this product. 

hirin SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ana pia 
B REACTIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH 
BETA LACTAMS. THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS 
WITH A HISTORY OF SENSITIVITY TO MULTIPLE ALLERGENS. 

THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY 
REACTIONS WHEN TREATED WITH ANOTHER BETA LACTAM. BEFORE INITIATING 
THERAPY WITH PRIMAXIN, CAREFUL INQUIRY SHOULD BE MADE CONCERNING 
PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, 
OTHER BETA LACTAMS, AND OTHER ALLERGENS. IF AN ALLERGIC REACTION TO 
PRIMAXIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 

Pseudomembranous colitis has been reported with virtually all antibiotics, including 
PRIMAXIN; therefore it is important to consider its diagnosis in patients who 
develop diarrhea in association with antibiotic use. This colitis may range in 
severity from mild to life threatening. 

Mild cases of pseudomembranous colitis may respond to drug discontinuance 
alone. In more severe cases, management may include sigmoidoscopy, appropriate 
bacteriological studies, fluid, electrolyte, and protein supplementation, and the use 
of a drug such as oral vancomycin, as indicated. Isolation of the patient may be 
advisable. Other causes of colitis should also be considered. 

Precautions: General-CNS adverse experiences such as myoclonic activity, con- 
fusional states, or seizures have been reported with PRIMAXIN. These experiences 
have occurred most commonly in patients with CNS disorders (e.g., brain lesions or 
history of seizures) who also have compromised renal function. However, there were 
rare reports in which there was no recognized or documented underlying CNS 
disorder. Close adherence to recommended dosage schedules is urged especially 
in patients with known factors that predispose to seizures. Anticonvulsant ther- 
apy should be continued in patients with a known seizure disorder. If focal 
tremors, myoclonus, or seizures occur, patients should be placed on anticonvulsant 
therapy. If CNS symptoms continue, the dosage of PRIMAXIN should be decreased 
or discontinued. 

As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of 
nonsusceptible organisms. Repeated evaluation of the patient's condition is essen- 
tial. If superinfection occurs during therapy, appropriate measures should be taken. 
While PRIMAXIN possesses the characteristic low toxicity of the beta-lactam group 
of antibiotics, periodic assessment of organ system function during prolonged 
therapy is advisable. 

Drug Interactions—Since concomitant administration of PRIMAXIN and probenecid 
results in only minimal increases in plasma levels of imipenem and plasma half-life, 
it is not recommended that probenecid be given with PRIMAXIN. 

PRIMAXIN should not be mixed with or physically added to other antibiotics. 
However, PRIMAXIN may be administered concomitantly with other antibiotics, 
such as aminoglycosides. 

Carcinogenesis, Mutagenesis, Impairment of Fertility-Gene toxicity studies were 
performed in a variety of bacterial and mammalian tests in vivo and in vitro. The 
tests were: V79 mammalian cell mutation assay (PRIMAXIN alone and imipenem 
alone), Ames test (cilastatin sodium alone), unscheduled DNA synthesis assay 
(PRIMAXIN), and in vivo mouse cytogenicity test (PRIMAXIN). None of these tests 
showed any evidence of genetic damage. 

Reproduction tests in male and female rats were performed with PRIMAXIN at 
dosage levels up to 8 times the usual human dose. Slight decreases in live fetal 
body weight were restricted to the highest dosage level. No other adverse effects 
were observed on fertility, reproductive performance, fetal viability, growth, or 
postnatal development of pups. Similarly, no adverse effects on the fetus or on 
lactation were observed when PRIMAXIN was administered to rats late in gestation. 
Pregnancy- Pregnancy Category C: Teratogenicity studies with cilastatin sodium in 
rabbits and rats at 10 and 33 times the usual human dose, respectively, showed no 
evidence of adverse effect on the fetus. No evidence of teratogenicity or adverse 
effect on postnatal growth or behavior was observed in rats given imipenem at 
dosage levels up to 30 times the usual human dose. Similarly, no evidence of 
adverse effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 


ANTIBIOTIC EVER 


Teratology studies with PRIMAXIN at doses up to 11 times the usual human dose in 
pregnant mice and rats during the period of major organogenesis revealed no 
evidence of teratogenicity. 

Data from preliminary studies suggest an apparent intolerance to PRIMAXIN 
(including emesis, inappetence, body weight loss, diarrhea, and death) at doses 
equivalent to the average human dose in pregnant rabbits and cynomolgus mon- 
keys that is not seen in nonpregnant animals in these or other species. In other 
Studies, PRIMAXIN was well tolerated in equivalent or higher doses (up to 11 times 
the average human dose) in pregnant rats and mice. Further studies are under 
way to evaluate these findings. 

There are, however, no adequate and well-controlled studies in pregnant women. 
PRIMAXIN should be used only if the potential benefit justifies the potential risk 
to the fetus. 

Nursing Mothers—I\t is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised when 
PRIMAXIN is administered to a nursing woman. 

Pediatric Use—Safety and effectiveness in infants and children below 12 years of 
age have not yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 
patients treated in clinical trials were severely ill and had multiple background 
diseases and physiological impairments, making it difficult to determine causal 
relationship of adverse experiences to therapy with PRIMAXIN. 

Local Adverse Reactions—Local adverse clinical reactions that were reported as 
possibly, probably, or definitely related to therapy with PRIMAXIN were: phlebitis/ 
thrombophlebitis (31%), pain at the injection site (0.7%), erythema at the injection 
site (0.4%), vein induration (0.2%), infused vein infection (01%). 

Systemic Adverse Reactions—The most frequently reported systemic adverse clini- 
cal reactions that were reported as possibly, probably, or definitely related to 
PRIMAXIN were: nausea (2.0%), diarrhea (18%), vomiting (1.5%), rash (0.9%), fever 
(0.5%), hypotension (0.4%), seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), 
pruritus (0.3%), urticaria (0.2%), somnolence (0.2%). 

Additional adverse systemic clinical reactions reported as possibly, probably, or 
definitely drug related occurring in less than 0.2% of the patients are listed within 
each body system in order of decreasing severity: Gastrointestinal —pseudomem- 
branous colitis (see WARNINGS), hemorrhagic colitis, gastroenteritis, abdominal 
pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, increased 
salivation; CNS—encephalopathy, confusion, myoclonus, paresthesia, vertigo, head- 
ache; Special Senses—transient hearing loss in patients with impaired hearing, 
tinnitus; Respiratory—chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain; Cardiovascular—palpitations, tachycardia; Rena/-oliguria/anuria, polyuria; 
Skin—erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin 
texture changes, candidiasis, pruritus vulvae; Body as a Whole—polyarthralgia, 
asthenia/weakness. 


Adverse Laboratory Changes: Adverse laboratory changes without regard to 
drug relationship that were reported during clinical trials were: Hepatic—increased 
SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH; Hemic—increased eosino- 
phils, positive Coombs Test, decreased WBC and neutrophils, increased WBC, 
increased platelets, decreased platelets, decreased hemoglobin and hematocrit, 
increased monocytes, abnormal prothrombin time, increased lymphocytes, 
increased basophils; E/ectro/ytes—decreased serum sodium, increased potassium, 
increased chloride; Rena/—increased BUN, creatinine; Urinalysis—presence of urine 
protein, urine red blood cells, urine white blood cells, urine casts, urine bilirubin, 
and urine urobilinogen. 

NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that 
the maximum total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever 
iS lower. 


How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials and 
infusion bottles containing imipenem anhydrous and cilastatin sodium as follows: 
250 mg imipenem equivalent and 250 mg cilastatin equivalent; 500 mg imipenem 
equivalent and 500 mg cilastatin equivalent. 

Caution: The suspension from vials is not for direct infusion. MSD 
For more detailed information, consult your MSD Representative ERCK 
or see Prescribing Information. Merck Sharp & Dohme, Division $ 

of Merck & Co., Inc., West Point, PA 19486 Jepro7 11185 (DC7362400) 


~~. 





Hypothermic Anesthesia Attenuates 


Postoperative Proteolysis 





DANIEL J. JOHNSON, M.D." 


DAVID C. BROOKS, M.D. NEIL R. HULTON, M.D. 


MICHAEL F. COLPOYS, B.S. 


The catabolic response that commonly occurs after major op- 
eration is characterized by net skeletal muscle proteolysis and 
accelerated nitrogen excretion. This response was absent in pa- 
tients undergoing cardiac surgical procedures associated with 
the combination of cardiopulmonary bypass, narcotic anesthesia, 
neuromuscular blockade, and hypothermia. Forearm nitrogen 
release was 422 + 492 nmol/100 ml - min on the first postop- 
erative day, approximately 25% of preoperative yalues (1677 
+ 411, p < 0.05). Nitrogen excretion and the degree of negative 
nitrogen balance were comparable to levels observed in non- 
stressed, fasting subjects. The potential role of hypothermia, 
high-dose fentanyl anesthesia, and neuromuscular blockade in 
modifying the catabolic response to laparotomy and retroperi- 
toneal dissection was further evaluated in animal studies. Six 
hours after operation, amino acid nitrogen release from the hind- 
quarter was 84% less than control values (p < 0.05). Nitrogen 
excretion and urea production were also reduced compared to 
normothermic controls. It is concluded that the combination of 
hypothermia, narcotic anesthesia, and neuromuscular blockade 
attenuates the catabolic response to injury and thus may be useful 
in the care of critically ill surgical patients. 


AJOR OPERATIONS, traumatic injury, and 
sepsis initiate a well-described sequence of 
metabolic events that results in the dissolution 

of lean body mass and progressive weight loss. Central to 
the catabolic response to critical illness is an accelerated 
loss of body protein, reflected by increased excretion of 
urinary nitrogen and prolonged negative nitrogen bal- 
ance.'* This response is associated with increased release 
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of amino acids from skeletal muscle** and accelerated 
amino acid uptake in visceral organs.”* As a result of 
their metabolism bv the liver, kidneys, and gastrointestinal 
tract, the amino acids are converted in large part to urea 
and ammonia and excreted from the body. 

The loss of body proteins is related'to the severity and 
duration of the illness’; in injured or septic patients re- 
quiring prolonged hospital care, protein deficiencies may 
delay wound healing, attenuate host responses to infec- 
tion,!! and prolong or impair recovery.’ To offset these 
catabolic responses, patients receive vigorous enteral or 
parenteral nutritional support, which stabilizes body 
weight and attenuates net nitrogen loss.” In general, the 
rate of breakdown of body protein is not greatly altered 
by feeding these catabolic subjects; however, net protein 
loss is reduced as protein synthesis increases.!? Even when 
nutrition is provided throughout the perioperative period, 
the protein catabolic response to a major operative pro- 
cedure is not prevented.° These observations are consistent 
with reports that vigorous enteral or parenteral feedings 
in catabolic hospitalized patients only partially offset the 
nitrogen loss following catabolic illness.!*!° 

Because of the deleterious effects of protein catabolism 
in critically ill patients, a major investigative effort has 
focused on techniques that may minimize this response. 
Both insulin’ and growth hormone,'’ when administered 
to critically ill patients, have been shown to significantly 
reduce net nitrogen catabolism. More recently, investi- 
gators have studied the protein-sparing effects of amino 
acid solutions supplemented with additional branched 
chain amino acids.'® Although initial reports suggested 
that these specialized solutions minimize protein catab- 
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Forearm Forearm Flux and 
Flux Studies Nitrogen Balance Studies 
(N= 11) (N = 7) 
Age (years) 59 6) 
(48-69) (52-78) 
Sex (M/F) 9/2 3/4 
Procedure* I MYR 3 MVR 
10 CABG 3 AVR 
i Mult VR 
Height (cm) 175 173 
(168-180) (154-193) 
Weight (kg) 77.8 74.1 
(57.1-90.0) (50.0-106) 
Pump time (min) 61 O34 
(42-87) (62-135) 
Lowest intravascular 29.0 26,94 
temperature {C} (28.0-30.0) (25.0-28.6) 





* MVR = mitral valve replacement; AVR = aortic valve replacement, 
CABG = coronary artery bypass graft, Mult = multiple valve replacement. 

+ p < 0.02 by unpaired t-test when compared with other group. 

t p < 0.05 by unpaired t-test when compared with other group. 


olism in critically ill patients, clear-cut benefits have not 
been observed in comparison with standard amino acid 
solutions.'? As an alternative approach, the catabolic re- 
sponse following operative procedures on lower extrem- 
ities or in the lower abdomen can be modified by neu- 
rogenic blockade, utilizing epidural anesthesia extended 
to the high thoracic level.” This prevents the usual post- 
operative increase in blood glucose, cortisol, and stress 
hormones and attenuates postoperative nitrogen losses.’ 
This approach may not affect postoperative metabolic re- 
sponses in patients requiring operations in the upper ab- 
domen or thorax. Net protein catabolism has also been 
somewhat reduced in animals following alpha and beta 
adrenergic blockade” or with administration of a pros- 
taglandin synthesis inhibitor.” 

We recently observed that the expected catabolic re- 
sponse did not develop in a group of patients who un- 
derwent major cardiac surgical procedures. The intra- 
operative management of all of these individuals included 
cardiopulmonary bypass, hypothermia, high-dose narcotic 
anesthesia, and neuromuscular blockade. To examine this 
unexpected response further, studies were performed in 
laboratory dogs in which surgical stress was standardized, 
allowing comparison of the protein catabolic response 
following hypothermic anesthesia with that occurring after 
narcotic or barbiturate administration. In experimental 
animals, as well as humans, the combination of hypo- 
thermia and anesthesia appears reliably to attenuate post- 
traumatic proteolysis. This report includes both obser- 
vations in patients undergoing cardiac surgical procedures 
and the results of subsequent animal studies. 


JOHNSON AND OTHERS 
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Patients. Eighteen patients undergoing elective or sem- 
ielective cardiac surgical procedures were studied. Ten 
had coronary artery bypass grafting (CABG) for stable 
angina, and eight had cardiac valve replacement. All pa- 
tients were clinically stable, and none demonstrated overt 
signs of congestive heart failure or chronic cardiac de- 
compensation associated with cachexia. All subjects were 
within 12% of ideal body weight. None of the patients 
had diabetes mellitus, and all were on weight-maintaining 
diets containing at least 35% of energy as carbohydrate. 
All patients received indicated medications, including 
digitalis preparations, diuretics, nitroglycerine, and beta- 
blocking agents. The dosage and timing of drug admin- 
istration were determined by the patients’ physicians, and, 
therefore, drug administration was not standardized in 
relation to the studies performed. 

Experimental protocols. Protocols were approved by 
the Human Subjects Committee of the Brigham and 
Women’s Hospital. Two groups of patients were studied. 
In the first group of 11 patients, forearm amino acid and 
substrate balance were determined. The investigations 
were performed in the early morning, | day before op- 
eration and on postoperative days 1, 3, and 5 (POD 1, 3, 
5). Ten of these |1 patients underwent CABG procedures, 
one had a valve replacement, and all were discharged 
within 10 days of operation (Table 1). 

Following review of the data from this study, a second 
group of seven individuals who did not require beta- 
blocking agents was evaluated to determine the possible 
influence of these drugs.**** Subjects in this group were 
of similar age and weight in comparison with the first 
group, but the majority had valve replacement procedures 
(Table 1). In addition to forearm flux studies, nitrogen 
balance measurements were also carried out in this group. 

Operative procedures and perioperative care. All sub- 
jects were intubated and ventilated following high-dose 
narcotic—nitrous anesthesia and muscle relaxation. The 
total dose of morphine administered to each individual 
during the operation was 1-2 mg/kg; the fentanyl dose 
was 50-100 ng/kg. When placed on cardiopulmonary by- 
pass, the blood was cooled to approximately 28 C. The 
subjects’ mean core temperatures fell to 32-34 C, as de- 
termined by esophageal temperature probes. The length 
of time on cardiopulmonary bypass and the lowest blood 
temperature achieved varied depending on the operation 
performed; patients undergoing CABG procedures re- 
quired less time on cardiopulmonary bypass than subjects 
undergoing valve replacement. As a result, the subjects 
undergoing valve replacement reached slightly lower core~ 
temperatures than those undergoing CABG procedures. 
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All patients received a crystalloid cardioplegia solution 
and were rewarmed to 37 C before removal from bypass. 

Following the operative procedure, the patients were 
transferred to the intensive care unit and maintained on 
a ventilator for the next 18-24 hours. The agents given 
at the time of operation were not pharmacologically re- 
versed, and small quantities of intravenous narcotics were 
administered as required to achieve pain control. All pa- 
tients were extubated the day following operation. 

During the initial 24 hours following operation, colloid 
and packed red cells were administered to correct signs 
of hypovolemia. Intravenous fluids consisted of 5% dex- 
trose in water infused at rates not exceeding 500 ml/24 
h. Arterial and intravenous lines were removed between 
24 and 48 hours following operation. On POD ], the pa- 
tients were offered a liquid diet, which was gradually ad- 
vanced to a hospital diet containing 2 g of sodium per 
day. By 48 hours, all patients were transferred to an in- 
termediate care area where they were managed with oral 
pain medications and other drugs as required for their 
specific postoperative care. There were no complications, 
and all subjects were discharged from the hospital by the 
tenth postoperative day. 

Forearm balance technique. All studies were performed 
between 6 and 7 A.M. after an overnight fast, as previously 
described.*° Under local anesthesia, a catheter was placed 
in retrograde fashion in án antecubital vein and in a dorsal 
hand vein for sampling of arterialized venous blood using 
the hot-hand technique,” unless an arterial line was al- 
' ready in place. After waiting at least 30 minutes following 
catheterization and the placement of a capacitance ple- 
thysmograph, a wrist cuff was inflated to exclude blood 
flow to the hand, and, after at least 2 minutes, blood sam- 
ples were drawn simultaneously from the arterial or ar- 
terialized-venous line and the deep venous catheter. The 
catheters were then flushed, and forearm blood flow was 
measured, as previously described.” The wrist cuff was 
then deflated, the circumference of the forearm measured, 
and the catheters removed. 

Nitrogen balance studies. On the day before operation 
and on POD 1-5, all urine was collected for 24-hour pe- 
riods from 7 A.M. to 7 A.M. The volume was measured, 
and the concentration of total nitrogen, urea, and creat- 
inine determined for each 24-hour period. The quantity 
of all oral intake was also determined during the sdme 
time periods. Fixed quantities of foods of known com- 
position were provided, and the calorie and nitrogen in- 
take was calculated from ad /ib. intake. The quantity of 
all intravenous fluids was recorded, and the calorie content 
from this source was included in the intake calculation. 
The nitrogen content of administered albumin and plasma 
was included in the nitrogen intake calculation, but not 


>the nitrogen content of administered whole blood. Stool 


was not collected, but, when stool was passed, an assumed 


ATTENUATED POSTOPERATIVE PROTEOLYSIS 


421 


loss of 1.3 g/day was included in the balance calculations.” 
No subjects passed stools before the third postoperative 
day. Most of the blood and serum draining from the chest 
tubes was lost on the day of operation, and, therefore, 
chest tube drainage could not be included in the balance 
calculation on POD 1. The tubes were removed between 
24 and 48 hours after operation. 

Control subjects. Forearm substrate and amino acid flux 
was measured in 13 normal subjects (average age: 29 years, 
average body weight: 75.7 kg) after a 12-hour overnight 
fast. The results of these studies have been previcusly re- 
ported in part” and are included to provide normal values 
far forearm substrate exchange. 


Animal Studies 


Animal preparations. Conditioned male and nonpreg- 
nant female mongrel dogs weighing between 20 and 35 
kg were studied. They were housed at the Harvard Medical 
School animal facility in individual kennels, exercised 
each morning, provided water ad lib., and given a single 
daily ration of Respond 2000 Dry Dog Chow (Pro-Pet, 
Syracuse, NY, containing no less than 25% protein by 
weight). The animals were obtained 5-7 days prior to any 
studies to allow them to acclimate to the kennel and lab- 
oratory conditions, and to be trained to stand quietly in 
Pavlov slings. All food was removéd at 5:00 P.M. on the 
evening before both basal studies and operation. 

Basal studies: All animals in both control and experi- 
mental groups were brought to the laboratory 2 days prior 
to operation, where a biopsy of thé vastus lateralis muscle 
of one leg and arterial blood were obtained under anes- 
thesia, as previously described.7*° 

Operative procedure. 

Control group (N = 6). Following at least 2 days of 
recovery from the biopsy procedure, the animals were 
fasted overnight and then taken to the operating room: 
Anesthesia was induced with sodium pentobarbital (Ab- 
bott Labs, N. Chicago, IL; 30 mg/kg, IV), an endotracheal 
tube was placed, and the animals were allowed to breathe 
a mixture of room air and oxygen (provided at 5 L/min) 
throughout the entire operation. A 16-gauge catheter was 
placed percutaneausly into the superior vena cava via the 
external jugular vein. This time was designated as T = 0. 
An infusion of normal saline was started by constant in- 
fusion pump (IVAC, San Diego, CA; 4 ml/hi/kg) and con- 
tinued throughout the 24-hour study period. Keflin (Lilly, 
Indianapolis, IN; 1 g, IV) was given before and immedi- 
ately after operation. The urinary bladder was catheter- 
ized, and, after the residual urine was discarded, a 24- 
hour collection was carried out by closed drainage. The 
abdomen and flanks were shaved and prepped with a 
povidone iodine solution (Clinipad, Guilford, CT). 

Laparotomy was then performed via a low midline in- 
cision in females and a right paramedian incision in males, 
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as previously described.” The retroperitoneum was 
dissected, exposing the aortic bifurcation and tributaries. 
Specially prepared catheters were inserted into the internal 
iliac and deep circumflex iliac arteries. The circumflex 
vein was cannulated, and the catheter tip positioned in 
the inferior vena cava below the renal veins. In this way, 
the blood supply to the hindquarter, which accounts for 
approximately 50% of total skeletal muscle by weight, was 
isolated. All catheters were exteriorized through a stab 
incision in the flank, capped with blunt needles and in- 
jection ports (Jelco, Critikon, Tampa, FL), flushed with 
heparinized saline (5 units/ml), and buried subcutane- 
ously. This allowed easy access to aortic and vena caval 
blood by percutaneous puncture. After all incisions were 
closed, the animals were allowed to recover spontaneously 
from anesthesia. Body temperature was maintained with 
heating blankets, and extubation was performed when 
appropriate. 

Hypothermia group (N = 6). After placement of a fore- 
leg intravenous cannula, anesthesia was induced with so- 
dium thiopental (5 mg/kg, IV) followed by pancuronium 
bromide (Organon, West Orange, NJ; 0.25 mg/kg, IV) 
and fentanyl (Janssen, New Brunswick, NJ; 75 ug/kg. TV 
over 5 min). Fentanyl was then infused at 0.3-0.6 g/min/ 
kg throughout the period of cooling, operation, and re- 
warming. An additional dose of pancuronium was given 
just prior to the start of operation. The animals were then 
intubated and mechanically ventilated with a Harvard 
animal ventilator (Harvard Apparatus, Millis, MA) at a 
tidal volume of 15 ml/kg and a rate of 15 breaths/min. 
After placing the animals in plastic bags to keep their fur 
dry, they were immersed in an ice water bath and cooled 
to a core temperature of approximately 28 C in approx- 
imately 132 minutes as determined by an esophageal 
temperature probe. The animals then underwent the same 
operative procedure as the previous group, with the start 
of the procedure designated as T = 0. Following operation, 
the dogs were rewarmed in a 42 C water bath. All animals 
were rewarmed to at least 37 C core temperature before 
the fentanyl drip and mechanical ventilation were dis- 
continued. During rewarming, blood pressure and heart 
rate were monitored with one of the aortic catheters con- 
nected to a pressure transducer. Arterial blood was ob- 
tained for blood gas determination. The animals were 
warm, awake, and in the Pavlov sling before the hind- 
quarter flux studies were performed 6 hours after starting 
the operative procedure. 

Anesthesia controls (N = 3). A third and smaller subset 
of dogs was studied to determine the effect of high dose 
fentanyl and neuromuscular blockade on the responses 
following operation. These animals were anesthetized and 
paralyzed as described for the group undergoing hypo- 
thermia, but they were not cooled prior to operation. 
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Fentanyl anesthesia was continued throughout the op- 
erative procedure. 

Flux studies. Approximately 5 hours after the start of 
the experiment, the dogs were awake and placed in Pavlov 
slings. Para-amino-hippurate (PAH, 0.5% in saline) was 
then infused at a rate of 0.76 ml/min into the distal aortic 
catheter with a Harvard pump. After 40 minutes of dye 
infusion, simultaneous arterial and venous samples were 
drawn in triplicate at 10-minute intervals for determi- 
nation of hindquarter flux, as previously described.>°*! 
The catheters were then flushed with heparinized saline, 
and the animals were maintained in a Pavlov sling for the 
ensuing 18 hours. At T = 24 hours, the flux studies were 
repeated and the urine collection terminated. A repeat 
hindlimb muscle biopsy was then performed under so- 
dium thiopental anesthesia, using the leg not previously 
biopsied. The animals were placed in metabolic cages in 
order to monitor recovery. 


Analytic Methods 


Urine. Urine was collected in an acidified refrigerated 
container, measured into aliquots, and stored frozen at 
~20 C for later batch analysis. The total nitrogen content 
was determined by the macro-Kjeldahl method.*' Urine 
urea and creatinine were measured on an autoanalyzer 
(Technicon, Tarrytown, NY). 

Blood/plasma. Aliquots of blood and plasma were de- 
proteinized by adding an equal volume of ice-cold 10% 
perchloric acid and centrifuging at 3000 rpm for 20 min- 
utes at 4 C. A 2 ml aliquot of this supernatant was com- 
bined with sodium acetate buffer, adjusted to pH 4.75- 
4.90 with 5 N potassium hydroxide, brought to a final 
volume of 4 ml with distilled water, and stored at —20 C 
for later batch analysis. Glutamine and glutamate were 
measured by an enzymatic, microfluorometric assay.” 
Other amino acids were measured on a Beckman Model 
6300 Amino Acid Analyzer (Beckman Instruments, Palo 
Alto, CA) or by high performance liquid chromatography 
(HPLC) after precolumn derivatization with o-phthalal- 
dehyde.** The two methods yielded comparable results. 

Arterial and venous samples were analyzed for PAH 
by a spectrophotometric method” following deproteini- 
zation with 5% trichloroacetic acid. Whole blood and 
plasma glucose levels were determined in duplicate on a 
Technicon autoanalyzer. Plasma insulin was determined 
by radioimmunoassay.” 

Muscle. Muscle tissue was obtained percutaneously us- 
ing a Bergstrom needle.*® The tissue samples were proc- 
essed according to previously described methods.” Free 
amino acid concentrations per unit of muscle wet-weight 
were determined using the above-mentioned enzymatic 
methods for glutamine and glutamate and high perfor- 
mance liquid chromatography for the remainder of the -4 
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amino acids.” Concentrations in intracellular water were 
then determined using measured plasma and muscle 
chloride values and the Nernst equation.78 


Calculations 


Forearm blood flow was determined as the mean of 3- 
5 determinations. In human studies, the volume of the 
forearm was calculated from measurements of circum- 
ference, and flow was expressed per 100 ml forearm vol- 
ume. In the dog, hindquarter blood flow was measured 
by PAH dye dilution and calculated as previously de- 
scribed.?™ Blood flow was divided by body weight to 
correct for variations in animal size. 

Amino acid exchange was calculated as the product of 
blood flow and whole blood arteriovenous concentration 
differences. In the dog studies, three sets of samples were 
drawn at both the 6- and 24-hour time points. Flux was 
calculated for each set, and the mean of the three values 
was determined. The concentrations of total amino acid 
nitrogen and branched chain amino acids was calculated 
by multiplying the value for each aminc acid by the num- 
ber of nitrogens contained and summing these values. 
Flux data were derived in a similar fashion. 

Urea production was calculated in the dog by correcting 
the total urea nitrogen excretion over 24 hours for any 
change in plasma urea nitrogen, assuming that urea is 
distributed in total body water (approximately 58.4% of 
body weight in the dog).*> These values were expressed 
per hour and corrected for animal weight. 


Statistical Analysis 


Statistical calculations were performed using a standard 
statistical package (Minitab, Pennsylvania State Univer- 
sity, State College, PA, 1983, or AppleStat, Prentice-Hall, 
Englewood Cliffs, NJ, 1984). Results are expressed as 
mean + SEM. Paired and unpaired Student t-tests were 
used when appropriate, and regression analyses were per- 
formed using the method of least squares. Because of the 
small sample size in the group of animals receiving fen- 
tanyl anesthesia without hypothermia, most statistical 
comparisons were only performed between the other 
groups. Forearm studies were not performed in all patients 
at all time points. Therefore, the rank sum test was utilized 
for the comparison of these data. Differences for all tests 
were considered significant at the p < 0.05 level. 


Results 


Patients 


Nitrogen excretion, intake, and balance. Urinary nitro- 
gen excretion ranged from 5.3 to 13.5 g/day during the 


x preoperative period; the quantity of nitrogen excreted was 
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TABLE 2. Nitrogen Intake, Excretion, and Balance in Pctients 
(g/day: m) (Mean + SEM) 


Nitrogen Intake Nitrogen Loss Nitrogen Balance 


Preoperative 5.6+0.4 6.0 + 0.6 -0.4 + 0.5 
POD I 3.1 +0.7* 4.2 +0.5* —].2 +40.8 
POD 2 2.0 + 0.8* 4.4+0.7 ~2.4+0.9 
POD 3 3.8+0.9 5.2+0.2 ~1L4+0.8 
POD 4 4.5+0.6 §.3 + 0.6 ~O.3+0,5 
POD 5 6.1+0.8 5.8 + 0.2 +0.3 £0.9 


* p < 0.05 when compared with preoperative value by paired t-test 
corrected for multiple comparisons. 


primarilv related to body size and the amount of dietary 
protein consumed. Urinary nitrogen excretion decreased 
approximately 30% on POD 1 and then rose with time 
to return to preoperative levels by POD 5 (Table 2). Blood 
urea nitrogen level remained stable throughout hospital- 
ization. Nitrogen intake fell following operation. On POD 
1, intake averaged 5-6 2/24 hours, with approximately 
one third of this quantity provided by albumin admin- 
istration. (This quantity averaged 2 g nitrogen/patient on 
POD 1). Only one individual received plasma (equivalent 
to | g of nitrogen) on POD 2, and none was administered 
thereafter. Dietary protein intake gradually increased and 
returned to normal levels by POD 5. 

Nitrogen balance was negative the first 4 days after op- 
eration and returned to balance by POD 5. The average 
cumulative nitrogen loss was 5.9 + 1.9 g/m? over 5 days 
(10.8 g/person over 5 days). If the nitrogen contained in 
the infused albumin and/or plasma was excluded from 
the nitrogen balance calculation, cumulative losses av- 
eraged 13 g/person over 5 days (the protein equivalent of 
alean 12 oz. steak). For all days studied, nitrogen balance 
was closely related to nitrogen intake (r° = 0.77). 

Forearm flux studies. Arterial whole blood amino acid 
levels were slightly higher than control in 13 individuals 
studied in the preoperative period. Following operation, 
arterial amino acid concentrations fell approximately 25% 
(Table 3). This was accounted for by a significant (p 
< 0.05) decrease in glutamine and BCAA (Table 3) and 
also a decrease in threonine, serine, asparagine, proline, 


TABLE 3. Arterial Whole Blood Amino Acid Concentrations in Patients 
Undergoing Cardiac Operations (Mean + SEM) 


Total Nitrogen Alanine Glutamine Total BCAA 
Day N (umol/L)’ (umol/L)  (umo/L) (umol/L) 
Preoperative 13 4994 + 150 341422 594 + 35 449 + 25 
POD | 9 3795 + 127* 314421 471 +32" 312+ 27* 
POD 3 8 4175 + 884* 264 + 13 482 + 42 444 + 33 
POD 5 10 4479+ 106 284 + 16 523 t 33 432 + 24 
Controls 13 4238 + 96T 2534 13¢ 5202415 325 + 19F 


* p < 0.05 when compared with preoperative values by rank sum test. 
tp < 0.05 different from preoperative controls by unpaired t-test. 
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TABLE 4. Summary of Cardiac Surgical Patients (Mean + SEM) 


Preoperative POD | POD 3 POD 5 Controls 

Forearm blood flow (ml/100 ml- min) 3.80 + 0.39 3.37 + 0.36 3.12 + 0.57 2.77 + 0.30 3.00 + 0.31 
Whole blood amino acid nitrogen flux 

(nmol/100 mi» min) -1677 +411 —422 + 492* —739 + 357 —1027 + 236 1202 + 321 
Glutamine flux (nmol/100 ml- min) -362 +95 ~14] +79* —322 + 135 —~193 +111 —{35+ 126 
Alanine flux (nmol/100 ml- min) ~233 + 45 — 150 + 63* ~1[544 45 —172 + 26 ~ 146 + 23 
Total BCAA flux (nmol/100 ml- min) ~165 + 60 SAT ESIr —42 + 83 — 128 +37 — i86 + 58 
Arterial blood glucose (mg/dl) 105+ 12 137 +15 11649 110+6 9342 
A-V glucose (mg/dl) 0i =e at ee 4 342 Set iT 
Insulin (U/ml) 24+5 41+6 45421 22+6 I2+1t 


* p < 0.02 when compared to preoperative value by rank sum test. 


citrulline, ornithine, histidine, and arginine (data not 
shown). These levels gradually returned to normal by 
POD 5. 

Forearm blood flow was within the normal range (ap- 
proximately 2-4 ml/100 ml - min) in the preoperative pe- 
riod and did not change throughout the study (Table 4). 
Forearm amino acid flux was —1677 + 411 nmol/ 
100ml- min, similar to rates of skeletal muscle amino acid 
release observed in normals. Following operation, forearm 
amino acid release decreased to —422 + 492, about one 
fourth of the preoperative release rate, and then gradually 
increased with time to return to the preoperative level of 
amino acid efflux. The decrease in forearm amino acid 
exchange was related to a generalized decrease in the re- 
lease of all amino acids measured and could not be spe- 
cifically related to a fall in alanine, glutamine, or BCAA 
release. 

Blood glucose and insulin tended to rise following op- 
eration, but the responses were not consistent and, thus, 
the observed changes did not achieve significance. Fore- 
arm glucose uptake was negligible and could not be dis- 
tinguished from zero at any of the time points. 


TABLE 5. Hindquarter Blood Flow and Core Temperature 





(Mean + SEM) 
Normothermic Controls 
ree, E ee Hypothermia 
Barbiturate Fentanyl Fentanyl 
(N = 6) (N = 3) (N = 6) 
Weight (kg) 26.9 + 2.2 22.9402 25.2 + 1,4 
6-hour blood flow 
(ml/min - kg) 32.4 + 6.6 22.2 + 4.5 21.7+5.0 
24 hour blood flow 
(ml/min kg) §2.7+9.8 . 46.7 £3.2 
Mean core temper- 
ature (C) 
T = 0 hour 38.9+0.2 39.3+0.1 27.6+0.5 
T = 2 hours ~ oam 27.5 £0.5 
T = 6 hours 38.8 + 0.2 38.9 +0.1 37.0+0.2 





* Insufficient data. 


+ p < 0.05 different from preoperative values by unpaired t-test. 


Animal Studies 


General. Animal weight was comparable in all groups 
(Table 5). At 6 hours after operation, blood flow to the 
hindquarter tended to be lowest in the hypothermia group, 
but this difference was not significant. There was little 
difference in blood flow between groups at 24 hours. All 
animals survived the operative procedure and the 24-hour 
study period. Intraoperative hemorrhage was minimal in 
all animals studied. There were no apparent long-term 
complications in the dogs undergoing the period of hy- 
pothermia. 

Surface cooling required an average of 2.2 + 0.3 hours. 
The operation lasted 2 hours, and rewarming required 3.7 
+ 0.1 hours. The mean temperature of the hypothermic 
group was 27.6 + 0.5 C, and this temperature was main- 
tained throughout the operation without further inter- 
vention (Table 5). Associated with the hypothermia was 
mild bradycardia (60 + 3 beats/minute vs. 100-120 beats/ 
minute in euthermic animals). Blood oxygen partial pres- 
sure was slightly elevated and pH was normal in all ani- 
mals. 

Nitrogen excretion. During the 24-hour study period, 
total urinary nitrogen excretion tended to be lower in the 
animals that received perioperative hypothermia (Table 
6), although the difference was not statistically significant. 
Urea nitrogen excretion also tended to be reduced in the 


TABLE 6. 24-Hour Urine Volume and Nitrogen Excretion in Animals 








(Mean + SEM) 
Normothermic Controls 
Hypothermia 
Barbiturate Fentanyl Fentanyl 
Urine volume (ml/kg) 431l +83 435446 60.559 
Urea nitrogen (g/kg) 0.41 + 0.02 0,37 +0.01 0.34 + 0.03 
Urea nitrogen production 
(mg/h kg) 15.0 + 0.8" 10.9+0.4 1i.4+1.3 
Creatinine (g/kg) 0.039 + 0.002 0.033+ 0.00! 0.027 + 0.003* 
Total nitrogen (g/kg) 0.50 + 0.02 0.47 + 0.01 0.43 + 0.04 





* p < 0.05 when compared to other two groups by analysis of variance. 
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hypothermia group. However, urea nitrogen production 
was significantly reduced in animals receiving fentanyl 
anesthesia and neuromuscular blockade (p < 0.05), ir- 
respective of body temperature. Creatinine excretion over 
the 24-hour study period was significantly diminished in 
the hypothermic animals. 


Whole blood amino acid concentrations. Total blood 


amino acid nitrogen concentration fell by 6 hours after 
operation in all groups (Table 7). By 24 hours the nor- 
mothermic group had again reached preoperative levels, 
but the hypothermia group continued to lag and was sig- 
nificantly less than control. These changes were reflected 
in the concentrations of two of the major nitrogen-carrying 
amino acids in whole blood, glutamine, and alanine. 
While glutamine fell to very low levels at 6 hours, it re- 
turned to preoperative levels by 24 hours. Alanine, how- 
ever, remained low at this time point, accounting for a 
portion of the delay in return of total nitrogen to normal 
(Table 7). The fentanyl-treated animals demonstrated re- 
sponses that were intermediate in comparison with the 
other two groups. 

Hindquarter flux. Total amino acid nitrogen release 
from hindquarter skeletal muscle was markedly reduced 
at 6 hours following initiation of operation in the hypo- 
thermia group compared to controls (Table 8). This dif- 
ference was accounted for, in large part, by the reduced 
efflux of glutamine and alanine. Arginine, histidine, and 
glycine efflux were also significantly reduced (data not 
shown). Total BCAA flux changed from net muscle release 
in the control group to balance in the hypothermia group. 
The fentanyl-treated animals appeared to be intermediate 
to the other two groups. At 24 hours, all groups had similar 
rates of nitrogen release, although wide variations were 
observed in the control data (Table 8). Glutamine, alanine, 


and total BCAA flux were comparable in all groups at, 


this time point. 

Muscle glutamine concentrations. Intracellular gluta- 
mine fell significantly in response to surgical stress in the 
control group (21.18 + 2.64 mmol/L to 16.65 + 3.20, p 
< 0.05). Glutamine concentrations also tended to decrease 
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TABLE 7. Whole Blood Amino Acid Concentrations (Mean + SEM) 


Normothermic Controls 
Barbiturate Fentany! Hypothermia 
Total amino Pre 4.62 £0.28 4.18+0.20 4.17+0.06 
acid nitrogen 6h 3.7340.10* 3.47+40.16 3.27+0.14* 
(mmol/L) 24h 4.69+0.22 — 3.93+0.11 
Glutamine Pre 712+ 42 626 + 10 630 + 28 
(umol/L) 6h 542 + 46* 630 + 51 379 + 19* 
24h 735454 725 + 53 637 + 33 
Alanine (zmol/ Pre 415435 304 + 34 369 + 20 
L) 6h 247 + 14" 273 e721 307 +17 
24h 312443 — 228 + 18° 


* p < 0.05 when compared with preoperative values by paired t-tests. 


in the hypothermia group, but to a lesser degree (21.36 
+ 1.11 to 17.84 + 2.25, N.S.). The overall change in glu- 
tamine concentration over 24 hours was not different be- : 
tween the two groups. The fentanyl-treated animals re- 
sponded in a similar manner. 


Discussion 


Injury, infection, and major operations are associated 
with increased net protein catabolism and total body ni- 
trogen loss.”!? Coincident with the net breakdown of body 
protein, there is increased amino acid release from skeletal 
muscle** and a fall in the skeletal muscle free amino acid 
pool.** In particular, the two amino acids glutamine and 
alanine are released from muscle and appear to function 
in the transportation of nitrogen to visceral organs. This 
translocation of amino acids from skeletal muscle to vis- 
ceral organs and the utilization of these compounds for 
gluconeogenesis, for synthesis of acute phase proteins, and 
as oxidizible fuels leads to accelerated urea production 
and the loss of nitrogen from the body. 

In this study, patients undergoing major cardiac op- 
erations in the setting of total cardiopulmonary bypass 
and moderate hypothermia failed to develop the char- 
acteristic protein catabolic responses usually observed in 


TABLE 8. Hindguarter Flux Data (umol/min + kg) 


6 Hours 
Normothermic Controls 
Barbiturate Fentanyl 
Total nitrogen —16.67 + 4.10 —~6§,0+ 1.1 
Glutamine —2.35 + 0.93 —0),61 +0.28 
Alanine 1.95 + 0.49 —0.87 + 0.31 
Total BCAA —1.01 +0.26 —0.20 + 0.90 


ad * p < 0.05 when compared to barbiturate controls by unpaired t-test. 


24 Hours 
Hypothermic Normothermic Hypothermic 
Fentanyl Barbiturate Fentanyl 
—2.70 + 0.50* —4.51 +9.08 —4.95 + 1.14 
—0.51 +0.19 — 1.80 + 0.58 —0.77 + 0.26 
-0.62 +0.15* —0.77 + 1.04 —0.93 + 0.18 
+0.13 + 0.07* +0.34 + 1.14 —0.34 + 0.18 
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TABLE 9. Comparison of Nitrogen Balance Following Various Operations and Fasting 


Average 3-Day Cumulative Nitrogen 














Balance (g/patient) 
Operation Reference Food Intake In Out Balance 

Cardiac surgery Present study Oral ad lib. 16.5 23 =9.3 
Hysterectomy 21 Oral ad lib. 14 3] —17 
Laparotomy, gastrectomy, or colectomy 38 IV glucose only 0) 45.1 —45.1 

IV protein only 41.8 62.2 —20.4 

IV glucose + protein 39 59.8 — 20.8 
Esophagectomy 6 IV nutrition by central vein 60 84.3 ~24.3 
Fasting obese subjects 37 Fasting 0 26 ~ 26 





postoperative patients. Three-day cumulative nitrogen loss 
was approximately 26 g, an amount similar to that ob- 
served in unstressed fasting subjects’ and much less than 
that reported following most other major surgical pro- 
cedures (Table 9). Nutrient intake was not kept constant 
during these observations, and nitrogen and calorie intake 
increased gradually to normal by POD 5. The first 3-day 
cumulative calorie intake ranged from 1800-2100 kcal/ 
3 days, comparable to the intake in patients undergoing 
hysterectomy.”! The cardiac surgical patients excreted less 
nitrogen, however, in spite of their more extensive oper- 
ative procedure. 

Nitrogen balance is more difficult to compare between 
patient groups because of the differences in nitrogen and 
calorie intake. However, most patients reported in the 
literature received more, not less, nutritional support than 
those undergoing cardiac operations. This would be ex- 
pected to reduce the negative nitrogen balance. In spite 
of this fact, 3-day cumulative nitrogen balance was less 
in the cardiac surgical patients than in patients undergoing 
other operative procedures, even in comparison with pa- 
tients maintained on fixed hypercaloric intravenous feed- 
ings. Similar findings following cardiac surgical procedures 
have been reported by others.” 

The conclusion that protein catabolism and nitrogen 
loss was attenuated in postoperative cardiac surgical pa- 
tients was supported by determinations of forearm amino 
acid balance. Total amino acid release fell to approxi- 


mately 25% of preoperative values on POD 1 and ap- 
proached 50% of preoperative values by POD 3. Preop- 
erative forearm total amino acid nitrogen flux was similar 
to that measured in normal controls, although the two 
groups were not matched for age. Thus, it is unlikely that 
the postoperative decrease in muscle amino acid efflux 
was a reflection of increased basal protein catabolism in 
these patients. The marked difference in forearm amino 
acid nitrogen flux between patients undergoing cardiac 
operations and those having other major operative pro- 
cedures is illustrated in Table 10. The diminution in 
amino acid efflux observed in cardiac surgical patients is 
comparable only to the response in nonstressed fasting 
humans.” 

Although the clinical observations described in the re- 
port suggest diminished protein catabolism in the cardiac 
surgery patients, comparing data from patients undergoing 
different operations may not be totally appropriate, since 
the catabolic stimulus may not be the same. Therefore, 
in order to standardize the operative stress, we studied 
the effect of a similar anesthetic technique, with or without 
hypothermia, in an animal model. Using laboratory dogs, 
a standardized laparotomy and retroperitoneal dissection 
was utilized both as a reproducible operative stress and a 
means of catheter implantation.” The catheters were 
then utilized to measure amino acid flux across the hind- 
quarter. Earlier studies using this model have shown a 
consistently high rate of amino acid release from skeletal 


TABLE 10. Comparison of Forearm Amino Acid Flux in Surgical Patients and Normal Fasted Subjects 





Amino Acid Exchange* 


Te 








Condition Reference Control Postinjury Change 
Present 
Cardiac surgical patients study — 1667 + 44i —422 + 492 —75 
Esophagectomy receiving IV feedings 6 —284 +79 — 1546 + 444 +444 
Patients undergoing laparotomy—upper abdominal operations 40 ~38 + 12 —97 +22 +155 
Trauma patients Se 581 +197 ~ 3843 + 1383 +561 
Obese fasted subjects 37 —749 + 152 —515+ 108t =31 
* All values are in nmol/100 ml forearm tissue + min except for lap- (umol/min). 


arotomy patients, in whom measurements were made on the whole leg 


+ Following a 72-hour fast. 
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muscle by 6 hours after operation.*°*! In addition, there 
is a high rate of nitrogen excretion (approximately 13 g) 
in the first 24 hours after surgery, and negative nitrogen 
balance persists for approximately 3 days.** Skeletal mus- 
cle glutamine concentrations decrease as occurs in humans 
following operation. 

Total amino acid nitrogen release from hindquarter 
skeletal muscle was reduced to approximately 20% of the 
control value in animals given hypothermic anesthesia. 
Animals that received fentanyl and neuromuscular 
blockade exhibited a decreased nitrogen release rate that 
was intermediate but statistically indistinguishable from 
the hypothermic group. The release rate of the major ni- 
trogen-carrying amino acids, glutamine and alanine, ap- 
peared to be reduced by hypothermia, although only al- 
anine was significantly different compared to controls. 
Total BCAA flux was negative at 6 hours in the control 
groups and slightly positive or in balance in the hypo- 
thermic anesthesia group. Previous work with this model 
suggested that BCAA uptake by skeletal muscle was re- 
lated to an increase in whole blood BCAA concentra- 
tions.*' However, under conditions of hypothermia, net 
uptake occurred while BCAA levels were lower than either 
6-hour control or preoperative levels. 

These findings, coupled with the very low levels of total 
body nitrogen efflux measured in both the human and 
animal studies, indicate that the combination of narcotic 
anesthesia, neuromuscular blockade, and hypothermia 
prevents the catabolic response that normally develops 
after major operative procedures. All flux measurements 
were made following anesthesia and hypothermia, but at 
a time when the subjects or experimental animals were 
euthermic and awake. The persistent decrease in amino 
acid efflux at this time suggests that the “signal” for skeletal 
muscle proteolysis occurred at the time of the surgical 
procedure and that this stimulus was prevented or blocked 
by the anesthetic-hypothermic technique. The benefits of 
this perioperative blockade appear to be long-lasting, sug- 
gesting that catabolic processes are initiated by the op- 
erative procedure and not triggered by usual postoperative 
stress. 

The mechanism for the decrease in nitrogen catabolism 
is unknown but presumably is related to the combination 
of high-dose fentanyl, muscle paralysis, and hypothermia. 
Fentanyl and paralysis may be responsible for some of 
the effects observed, since the response of the euthermic 
fentanyl-treated animals appeared to be intermediate. It 
is known that fentanyl, in high doses, can block the usual 
catecholamine and cortisol elaboration associated with 
intubation and operation,” possibly explaining its action. 
Previous studies have demonstrated that the intravenous 
administration of approximately 0.75 mg/kg of morphine 


x to burn patients reduced oxygen consumption, core tem- 


perature, and urinary catecholamine excretion.** Cate- 
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cholamine blockade in this animal model decreases ni- 
trogen efflux” similar to the response observed in the fen- 
tanyl-treated animals, further suggesting that this may be 
the mechanism of the effect. 

In this study, hypothermia appears to have resulted in 
an additional decrease in the postoperative catabolic re- 
sponse. The effect of hypothermia could have resulted 
from several mechanisms. First, cooling may have directly 
reduced muscle metabolism to such a degree that hor- 
monal and/or inflammatory mediators (lymphokines, 
prostaglandins, or associated factors) could not exert their 
effects. Secondly, the systemic response to cooling may 
have included reduced elaboration of catabolic hormones 
and inflammatory mediators.: Definition of the precise 
roles and interactions between anesthesia, neuromuscular 
blockade, and hypothermia will require further study. 

It has generally been accepted that the stress of oper- 
ation, injury, or infection is accompanied by a protein 
catabolic response. This accelerated proteolysis, which is 
associated with muscle wasting and negative nitrogen bal- 
ance, has generally been resistant to pharmacologic and 
nutritional manipulation. Thus, it has not been possible 
to evaluate the potential adaptive role that skeletal muscle 
proteolysis plays in the host response to stress. The ob- 
servations presented in this report demonstrate techniques 
for controlling net skeletal muscle breakdown following 
operation and thus establish methods for evaluating the 
contribution that nitrogen breakdown makes to the re- 
sponses of the host to infection and wound healing. In 
this study. neither patients undergoing cardiac surgical 
procedures nor animals undergoing laparotomy demon- 
strated deleterious effects when accelerated skeletal muscle 
net breakdown and increased amino acid release were 
prevented. Institution of more vigorous nutritional sup- 
port in this setting might favor even more marked protein 
retention and anabolism. This, in turn, could promote 
more rapid postoperative recovery and improve survival. 
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Dr. BASIL A. Pruitt, JR. (Fort Sam Houston, Texas): This is another 
nice study by Dr. Wilmore’s group, in which they further dissect the 
metabolic consequences of injury and operative trauma. 

The response of nitrogen wasting comes as no great surprise, but it is 
interesting to note that changes in nitrogen balance correlated with 
branched chain amino acid flux. It does seem as if that effect was blurred 
in terms of net change in nitrogen balance over the entire 24-hour period 
in the experimental animals, I wonder whether in both the human and 
animal studies the nitrogen released simply represents the participation 
of nitrogen metabolism in the net reduction of total body metabolic 
activity that one would anticipate with cooling. | would therefore ask 
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the authors what they consider the Q10 effect to have contributed to 
this. Alternatively, I wonder whether the reduced nitrogen loss represents 
a change related to impaired peripheral blood flow in the cardiac patients, 
since their total cardiac output may have been decreased for the first 
several days after surgery. 

As Dr. Wilmore has previously reported, the catecholamines appear 
to be the mediators of postinjury hypermetabolism, and I wonder whether 
the authors measured catecholamine levels in these studies. We have 
found that glucocorticoids and glucagon also influence the postinjury 
metabolic response, and I ask whether you measured alterations in those 
hormones following injury. og 

My last question has to do with just what narcotic was used in these ~ 
patients. Earlier studies at our Institute by Dr. Wilmore demonstrated 
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that industrial doses of morphine can decrease metabolic rate following 
a severe injury such as a burn. It seems possiblé that the administered 
narcotics could have irifluenced the results in your studies. 

I enjoyed the paper, and it certainly does provide us with a suggestion 
as to how the metabolic consequences of injury can be minimized. 


Dr. JOHN R. BORDER (Buffalo, New York): This is a very interesting 
paper. The problem is that none of us quite know how to explain it. 
One of the interesting differences that I see in this paper is the fact that 
what occurs in the dog is not replicated in man. I suggest that in man 
you have chosen a model that has minimal residual necrotic tissue and 
minimal pdin in the extremities; the pain is primarily in the chest, and 
that is fairly easily taken care of. Therefore, it should mirhic much more 
starvation than injury, which I do not think you really see in the dog, 
as I understood the evidence going by in front of me. Do you think that 
is what is happening? I do not have a better explanation. 


Dr. STANLEY M. LEVENSON (Bronx, New York): I think, as Dr. Pruitt 
mentioned and as I am sure the authors know and considered, that the 
decrease in temperature in and of itself, the so called Q10 effect, would 
be a major factor in lessening the stress effect of the injury; that is, the 
injury is less serious because the host’s temperature is low when the 
injury is inflicted. This might be thought of as a dampening effect. It is 
hard to determine exactly how much that in and of itself would be a 
factor. One could attempt to make some calculations from data on hi- 
bernating animals, for example, but you would have to make so many 
assumptions that the calculations might not be worth very much. 

I think it would be important for the.authors to continue the animal 
experiments using a more severe model in terms of evoking metabolic 
stress. Thus, they could determine whether the ameliorating effects seen 
persist longer than the 6-hours postinjury observed and whether, in fact, 
they go on for days, because from the clinical point of view that would 
be critical. 


Dk. ANTHONY BORZOTTYA (Cleveland, Ohio): I wonder if part of the 
explanation for the decreased nitrogen loss from the skeletal muscle after 
operation might be due to the early resumption of oral intake in the 
coronary bypass patients, and secondly whether short-term maintenace 
of relatively low body temperature can reduce proteolysis. 

The authors may be aware of the study by Jones and Clague, who 
studied patients undergoing abdominal aortic surgery for occlusive disease 
or aneurysm and had the patiénts maintained after operation in Clinitron 
beds either at room temperature or at 32 C. They showed, using a total 
body protein turnover technique, that the protein flux rates were reduced 
in the patients maintained at a warmer ambient temperature. Their data 
support a conclusion opposite to yours; would you comment on this? 


Dr. DANIEL J. JOHNSON (Closing discussion): I thank the discussants 
for their interesting comments. 


In answer to Dr. Pruitt’s question, the differences in the nitrogen ex- 
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cretion between the patient studies and the animal studies may be the 
result of differences in cooling methods. The animals were cooled by 
surface techniques, indicating that a gradient exists between surface tem- 
perature and visceral temperature. It 1s interesting to note that there was 
an 84% decrease in skeletal muscle amino acids released in the animals. 
However, there was only about a 25% reduction in the urea production, 
meaning that there was continued ureagenesis in the liver over that time 
period. The total nitrogen excretion in the cooled animals, therefore, 
was not significantly reduced over the 24-hour study period. 

In answer to the second question about blood flow and cardiac output 
in these postoperative patients, blood flow did not change between pre- 
operative values and postoperative measurements, and we do not have 
data on cardiac output or systemic vascular resistance. 

In regard to the Q10 effect, the level of cooling used in these experiments 
clearly reduces the metabolic rate in the tissues studied. However, the 
effect we see in terms of reduction in postoperative skeletal muscle release 
occurs after the subjects were rewarmed in both the patient group and 
the animal studies. This appears to be a carryover effect from this period 
of cooling. 

The question about catecholamines is very interesting since these and 
other catabolic hormones may play a role in this skeletal muscle pro- 
tedlytic response. We do not have catecholamine measurements in thé 
patients, but measurements from some of the animals studied demon- 
strated very high epinephrine and norepinephrine levels at the 6 hour 
time point after rewarming. From this data it is difficult to determine 
whether skeletal muscle is refractory to these high levels or whether cat- 


_ echolamines play little role in establishing skeletal muscle proteolysis. 


The narcotics used in the patient group were both morphine and fen- 
tanyl in varying doses. High-dose narcotics may play a role in decreasing 
the catabolic response by decreasing the hormonal response to surgical 
stimuli. Animals studi¢d under high-dose fentanyl anesthesia without 
cooling demonstrated intermediate catabolic responses, indicating that 
narcotics alone were not responsible for our observations. 

Dr. Border, we do not have a complete explanation for these observed 
results; however, skeletal muscle appears to behave as if there were no 
catabolic stimulus. In regard to the question about postoperative pain, 
we studied some animals with epidural anesthesia to the T4 level and 
blocked the postoperative pain response. We were not able to see the 
same low levels of skeletal muscle protein catabolism that we observed 
in the animal studies I discussed today. 

The question by Dr. Levenson, about whether there should be a stricter 
model of stress, is a very good one. The time point at which we chose 
to study these animals was based on a series of preliminary studies, which 
showéd that there was a very high release rate of amino acids et 6 hours 
after operation. We determined that his catabolic response would be a 
suitable target for various manipulations. 

Finally, in response to the question about oral intake in the cardiac 
surgery patients: The oral intake was actually quite minimal in the first 
2-3 days after operation. The total nitrogen intake was actually quite 
low during the first 5 days that we made these nitrogen balance mea- 
surements. 
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Thirty-three patients with chronic pancreatitis were studied in 
an effort to correlate release of gastrointestinal hormones (GIH) 
with the degree of pancreatic insufficiency. A prospective ex- 
amination was conducted of fat-stimulated release of pancreatic 
polypeptide (PP), cholecystokinin (CCK), and neurotensin. Sev- 
enty-two-hour fecal fat determination, endoscopic retrograde 
pancreatography (ERP), and the bentiromide-PABA test were 
used to correlate the clinical stage of disease. The ERP was 
classified as positive only if the changes were advanced (or 
“marked”’) according to the Cambridge Classification. Five pa- 
tients were defined to have mild disease, 13 moderate, and 15 
severe. Any patient with clinical evidence of chronic pancreatitis 
and ERP changes that were less than advanced and had normal 
fecal fat and bentiromide tests received a grade of mild. Patients 
with one abnormal test were graded moderate, and those with 
two or three abnormal results were graded severe. In the 33 
patients, the integrated 60-minute release of pancreatic poly- 
peptide (PP) was 37.4 + 6.1 ng-60 min/ml in those five patients 
with mild disease, 102.3 + 10.3 ng-60 min/ml in the 13 patients 
with moderate disease, and 7.6 + 2.2 ng-60 min/ml in the 15 
patients with severe disease. The integrated 60-minute release 
of neurotensin was 3.8 + 0.4 ng-60 min/ml in mild disease, 2.0 
+ 0.3 ng-60 min/ml in moderate disease, and 0.2 + 0.1 ng-60 
min/mil in severe disease. CCK release did not correlate with the 
severity of disease. Enhanced release of PP appeared to correlate 
well with moderate stage of chronic pancreatitis, and depressed 
PP release with severe disease. Stimulated levels of PP and neu- 
rotensin appear to be useful in the diagnosis and staging of chronic 
pancreatitis. It is concluded that measurement of fat-stimulated 
release of PP and neurotensin may be useful to assess severity 
of disease in patients with chronic pancreatitis. 


MAJOR PROBLEM In studying patients with chronic 
pancreatitis is the lack of any simple method of 
accurately assessing or predicting the degree of 
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pancreatic dysfunction in patients with mild to severe 
chronic pancreatitis. The correlation between extensive 
pancreatic injury and steatorrhea was recognized by 
Claude Bernard 130 years ago.! Unfortunately, malab- 
sorption of fat reflects an advanced stage of exocrine dys- 
function.” Although students of the disease have assumed 
a correlation between the degree of exocrine and endocrine 
dysfunction and the amount of functioning tissue de- 
stroyed by repeated episodes of pancreatitis, such corre- 
lation 1s often dificult to demonstrate except in flagrant 
cases of far-advanced disease. 

The ability to measure release of gut hormones has 
provided a new opportunity for assessing dysfunction in 
patients with chronic pancreatitis. Insulin and pancreatic 
polypeptide (PP) are two products of the endocrine pan- 
creas with apparently diminished release in patients with 
severe chronic pancreatitis.” '® Cholecystokinin (CCK) is 
released into circulation after meals containing fat and 
protein, and there is evidence from dogs with pan- 
creatic duct ligation'’ and from patients with chronic 
pancreatitis'*'? that levels of CCK become elevated as 
pancreatic tissue is destroyed. Neurotensin, a gut hormone 
present in large quantities in the ileum,'* which is released 
into circulation after a fatty meal,'° has not previously 
been measured in patients with chronic pancreatitis. 
Neurotensin is a stimulant of pancreatic secretion whose 
release by fat is dependent on the presence of digestive 
enzymes in the gut lumen. 

Most tests of pancreatic functional deficits depend on 
direct collection of pancreatic juice from the duodenum. '® 
Numerous indirect functional tests have been introduced 
recently! ™?!; of these, the PABA-bentiromide test, which _ 
measures chymotrypsin activity, appears the most prom- ~ 
ising to us. 
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Most diagnostic tests have successfully detected severe 
dysfunction with sensitivity and specificity, but no test 
has enjoyed similar success in defining patients with earlier 
disease.'’ Previous studies in patients with chronic pan- 
creatitis have evaluated the diagnostic precision of indi- 
vidual tests alone. We have constructed a clinical grading 
system for staging the severity of disease that is based on 
the combined results of the test for fecal fat, the PABA- 
bentiromide test, and endoscopic retrograde pancreatog- 
raphy (ERP). We have correlated these results with pat- 
terns of release of pancreatic polypeptide, CCK, and neu- 
rotensin in an effort to predict severity of disease by study 
of hormone release. 


Methods 
Patients 


All patients admitted to the study had a history of one ' 


or several of the following: recurrent episodes of acute 
pancreatitis, chronic abdominal pain, recent and pro- 
gressive glucose intolerance, recent and progressive diar- 
rhea and weight loss, or other bowel changes suggestive 
of malabsorption. About one third of patients were re- 
ferred after the diagnosis of chronic pancreatitis had been 
made by ERP. After informed consent had been obtained, 
all studies were carried out in the Clinical Research Center 
of the University of Texas Medical Branch. 

The following tests were performed in random order: 
72-hour fecal fat collection, the PABA-—bentiromide test 
combined with a d-xylose absorption study, and oral glu- 
cose tolerance test. Release of PP, CCK, and neurotensin 
was stimulated by a liquid fatty meal. Serial blood samples 
were obtained during each of these stimulations for later 
radioimmunoassay measurement of those hormones. In 
addition, ERP was performed on those patients on whom 
it had not been done before. 

All patients who were taking any form of pancreatic 
enzyme supplement discontinued this treatment 5 days 
prior to the start of our studies. 


72-Hour Fecal Fat 


Patients were placed on a diet with 100 g of fat per day 
4 days prior to the start of the test. A 2-g charcoal marker 
was given by mouth at the beginning of the test and 72 
hours later to end the stool collection. In normal digestion, 
the mean daily excretion of fat should not exceed 7 g/day 
on a 100-g fat diet. Therefore, values greater than 21 gin 
the 72-hour sample were considered to be indicative of 
steatorrhea. 


NBT-PABA Test 


N-benzoyl-L-tyrosyl-p-aminobenzoic acid (NBT- 
PABA) is now available in commercial preparation (Chy- 
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mex®, Adria Laboratories, Dublin, OH). This agent, 
commonly referred to as bentiromide, is used to measure 
chymotrypsin activity with the arylamine, PABA, serving 
as marker. Chymotrypsin selectively cleaves the bond be- 
tween PABA and the tripeptide carrier. PABA is absorbed 
in normal intestine and rapidly excreted in the urine, 
where it can be detected by the Smith modification for 
analysis of arylamine.” Bentiromide (500 mg) is taken 
by mouth, and urine ts collected over the following 6 hours 
during which at least one liter of water is consumed. Pre- 
cautions were taken to avoid interfering agents, particu- 
larly acetaminophen, and basal samples were assayed for 
interference. If more than 50% of PABA is retrieved from 
the urine, chymotrypsin release by the pancreas is con- 
sidered to be normal. 


d-Xylose Test 


In order to exclude intestinal causes of malabsorption 
of PABA due to intrinsic diseases of the gut (such as celiac 
sprue), a simultaneous d-xylose test was performed. One 
hour after the start of the bentiromide test, d-xylose (25 
g) was given by mouth. The final urine sample was si- 
multaneously analyzed for d-xylose levels. Normal intes- 
tinal absorption of d-xylose should result in retrieval of 
greater than 4 g in the urine. 


Endoscopic Retrograde Pancreatogram (ERP) 


All ERP studies were performed under mild intrave- 
nous diazepam (5-10 mg) sedation. The morphologic 
changes were classified according to the Cambridge cri- 
teria,” in which various characteristics are analyzed and 
a grade of advanced (or “marked’’) changes is chosen when 
dilatation or obstruction of the main pancreatic duct is 
extensive, and when irregularity in the side branches and 
parenchymal calcification are present (Fig. 1). This grading 
was performed by two examiners who had no knowledge 
of the results of other studies. 


Liquid Meal Stimulation 


After an overnight fast, each patient was fed a fatty 
meal (Lipomul®, Upjohn Company, Kalamazoo, MJ), 
which consists of 71% fat/weight long chain triglycerides, 
at a dose of 1.5 mg/kg body weight. Serial blood samples 
were collected for later assay of PP, CCK, and neurotensin. 


Severity Grading 


In order to identify subsets of our patients with different 
stages of disease, we chose a positive fecal fat test, positive 
bentiromide test, and Cambridge rating of advanced 
changes on ERP (called “marked” change in the Cam- 
bridge criteria”), as individual markers of grade of disease. 
Patients with ERP-documented disease, not advanced, 
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and normal results on the other two tests were classified 
as mild; any patient with one of the three abnormal find- 
ings (fecal fat, bentiromide, or ERP) was graded moderate. 
If two or all three were abnormal, the patient was graded 
severe (Table 1). 


Patterns of Peptide Release 


We measured hormonal release in response to the fatty 
meal by standard radioimmunoassay methods used in our 
laboratory for PP.“* CCK,” and neurotensin.'? We then 
grouped these hormone-release data into the three clinical 
categories of patients with mild, moderate, and severe dis- 
ease. 


Statistics 


Values of peptide release are expressed as mean + stan- 
dard error of the mean. The integrated hormonal release 
data were calculated?! and compared using the Student’s 
t-test. 


Results 


We have completed studies on 33 consecutive patients. 
Of these, ten are women and 23 are men, with an average 
age of 42 years (range: 19-64), Thirty of the 33 patients 
are known alcoholics; one man had been exposed to toxic 
amounts of an organophosphate insecticide, while the 


TABLE L Severity Index 
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Severity Grade Markers 

Abnormal bentiromide absorption (<S0% in urine) 

Steatorrhea (>21 g fecal fat/72 hrs) 

Cambridge staging of advanced changes on ERP 
Mild disease = none of the above markers 
Moderate disease = | of the above markers 
Severe disease = 2 or 3 of the above markers 
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Fic. |. Pancreatogram (/efp) 
rated as moderate. There is 
moderate dilatation and 
stricture in the midportion 
of the duct. Side branch 
abnormalities are not ap- 
parent. Pancreatogram 
(right) with Cambridge 
grade of marked changes 
with severe dilatation of 
main duct and of side 
branches as well as two 
pseudocysts that commu- 
nicate with the duct. 


other two patients had idiopathic pancreatitis. Using our 
clinical grading system (Table 1), 15 patients were rated 
as having severe disease, 13 patients were rated moderate, 
and five had mild disease. Table 2 lists the number of 
patients with each marker by clinical grade. Each of the 
eight patients with steatorrhea was found to have severe 
disease (but, conversely, only 8 of the 15 severe patients 
had steatorrhea). Every patient graded as severe had an 
abnormal bentiromide test, and 14 out of the 15 severe 
patients had ERP evidence of advanced changes. Perhaps 
of more interest were the 13 patients graded as having 
moderate disease. Five of those patients had an abnormal 
bentiromide test, and eight had advanced changes on ERP. 
By definition, none of the five patients with mild disease 
had any of the markers. All five did have early ERP 
changes consistent with chronic pancreatitis. 


Gastrointestinal (GI) Hormone Release 


Findings on the release of PP, CCK, and neurotensin 
are summarized in Table 3. In the description of various 
patterns of peptide release, we have used the terms de- 
pressed. normal, or enhanced response. The patterns are 
named in relation to one another and, in a general man- 
ner, In Comparison to the patterns of release we have seen 
in normal individuals. Figure 2 illustrates the response of 
PP to a Lipomul meal. PP release after Lipomul was de- 
pressed in 14 of the 15 patients who were graded as severe. 
An enhanced release of PP was found in ten of 13 patients 
with moderate grade. Release of CCK was normal in 13 
of the 15 patients with severe grade, while the other two 
patients had enhanced release. In contrast, seven of the 
13 moderate-grade patients had normal release and six 
were enhanced. In spite of these individual differences. 
there was no correlation between CCK release and severity 
of disease (Fig. 3). Diminished release of neurotensin was 
seen in 13 of 15 patients with severe disease. A similar 
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TABLE 2. Incidence of Each Marker According to Clinical Grade 


Vol. 204 + No. 4 
All Patients 
(33 Patients) 
Positive fecal fat 8 
Positive bentiromide ' 20 
Advanced (“marked”) changes on ERP 23 


response was seen in seven of the 13 moderate-grade pa- 
tients (Fig. 4). All patients with mild disease had normal 
patterns of peptide release (Table 3). 

Consistent with the concept that endocrine insufficiency 
is a relatively late event in chronic pancreatitis, 14 of the 
15 severe-grade patients had abnormal oral glucose tol- 
erance. Abnormal values were also obtained in six of the 
13 patients with moderate disease and in one of the five 
mild-grade patients. 


Discussion 


No single effective diagnostic measure is available for 
the assessment of patients with chronic pancreatitis. Each 
new test has been introduced with characteristic initial 
enthusiasm, followed by gradual disillusionment. We have 
been unable to find any reports in which a combination. 
of diagnostic findings has been used to grade patients with 
chronic pancreatitis. 

The idea that GI hormones may serve as a gauge of 
pancreatic functional deficits had its beginnings in the 
recognition of glucose intolerance and insulin insuff- 
ciency in patients with chronic pancreatitis. This pro- 


gressive loss of pancreatic endocrine function has been ; 


interpreted (we believe correctly) as evidence of glandular 
destruction and concomitant loss of islet tissue. Although 
numerous GI hormones have been examined in chronic 
pancreatitis, the only reported reproducible findings have 
been with another product of the endocrine pancreas, 
pancreatic polypeptide, which acts to inhibit pancreatic 
exocrine activity.4*!!> The most common observation 
of the pattern of release of PP in chronic pancreatitis pa- 
tients has been depressed release in response to a meal 
and to secretin infusion.*!**> We have found a single 
previous report, however, of enhanced release of PP in 
patients with moderate chronic pancreatitis.!> Our obser- 
vations corroborate that finding. We found an enhanced 
release of PP only in patients with moderate grade dys- 
function. We cannot explain this response, but it is sig- 
nificant because, to our knowledge, it is the first response 
that is unique to patients with moderate disease. Previous 
functional tests have shown uniformly abnormal results 
in severe disease with a much smaller percentage of ab- 
normal tests in milder cases. 


1». Levels of CCK in patients with chronic pancreatitis 


have been reported to be elevated, particularly in patients 
with steatorrhea, and this finding has been attributed to 


Severe Moderate Mild 
(15 Patients) (13 Patients) (5 Patients) 
8 0 0 
15 5 0 
14 g 0 


the loss of a putative pancreatic trypsin-dependent feed- 
back mechanism for release of CCK.'*!? A previous study 
from our laboratory that showed increased release of CCK 
in dogs with ligated pancreatic ducts!! supported that 
concept, but the present study does not. Enhanced release 
of CCK was found in eight of 33 patients and was more 
common in patients with moderate than with severe dis- 
ease. A recent report from Japan has demonstrated de- 
pressed CCK levels in seven patients with chronic pan- 
creatitis and steatorrhea.?’ There was no correlation be- 
tween CCK release and stage of disease. 

Neurotensin, a tridecapeptide initially extracted from 
bovine hypothalamus,”® is distributed. chiefly in the distal 
small intestine!‘ and is released into circulation by ingested 
fat.!° Triglycerides appear to stimulate release of neuro- 
tensin only after exposure to pancreatic juice, and diver- 
sion of pancreatic juice results in an absence of triglyc- 
eride-stimulated release of neurotensin but an intact 
oleate-stimulated release (unpublished studies from our 
laboratory). For this reason, we considered neurotensin 
to be a logical choice as a peptide whose release after tri- 
glyceride stimulation might reflect pancreatic exocrine 
function. The results of this study show a correlation be- 
tween severe grade of pancreatitis and depressed release 


-~ of neurotensin (Table 3). 


Insulin insufficiency is considered to be a late finding 
in patients with chronic pancreatitis? and results from 
the glucose-tolerance tests in our study agree. We concur 
that insulin deiicit, although suggestive of advanced pa- 
renchymal destruction, is an unreliable gauge of severity 
of disease. 

The relatively recent developments of ultrasonogra- 
phy,” computed tomography,'’ endoscopic pancreatog- 


TABLE 3. Pattern of Stimulated Peptide Release when Patients Were 


Classified by Grade of Severity 
Grade of 
Chronic (Depressed Enhanced Enhanced Depressed 
Pancreatitis PP PP CCK NT 
Mild 
(5 patients) 0 0 0 0 
Moderate 
(13 patients) ji 10 6 7 
Severe ; 
(15 patients) 14 0 2 13 


PP = pancreatic polypeptide; CCK: = cholecystokinin; NT = neuro- 
tensin. 
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raphy,*?>° and now magnetic resonance imaging!’ have 
permitted better examination of pancreatic morphology. 
ERP has received the most attention and was earlier con- 
sidered to have achieved sensitivity and specificity in the 
range of 85-95% in the diagnosis of chronic pancreati- 
tis.4°! Further experience has shown that advanced pan- 
creatographic changes may be found in patients with ap- 
parently minimal functional abnormalities.**°° The 
committee that compiled the Cambridge Classification 
acknowledged the inability of ERP alone to gauge severity 
of disease.” 


The elaborate tests of pancreatic function that depend . 


on collection of pancreatic juice provide accurate results 
in patients with advanced disease. In common with nearly 
every functional test, they are useful when abnormal; false- 
negative results are not uncommon. !6 172932-3 Since they 
require intestinal intubation, they are not popular with 
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Fic. 2. Lipomul®-stimulated 
pancreatic polypeptide (PP) 
response in patients with 
chronic pancreatitis graded as 
mild, moderate, or severe. 
The columns on the right are 
integrated 60-minute re- 
sponses. 
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‘patients. Indirect methods of measuring pancreatic exo- 


INTEGRATED CCK (ng-80 min ml) 


crine function generally involve a marker bound to a sub- 
strate that is specifically cleaved by pancreatic digestive 
enzymes. Cleavage allows absorption of the marker, which 
can, in turn, be measured in serum, breath, or urine. The 
bentiromide test utilizes PABA bound to a tripeptide, the 
cleavage of which depends on release of chymotrypsin.'*!° 
The present findings with this test are comparable to pre- 
vious reports!’ in which patients with advanced disease 
are clearly delineated, while fewer patients with moderate 
disease had abnormal results. 

The nearly uniform experience that indirect function 
tests accurately defined severe disease, but only sporadi- 
cally recognized moderate disease, led us to combine sev- 
eral diagnostic tests in an effort to improve diagnostic 
precision. We chose both a morphologic (ERP) and a 
functional (bentiromide) modality, and we added the 72- 


Fic. 3. Lipomul®-stimulated 
cholecystokinin (CCK) re- 
sponse in patients with 
chronic pancreatitis graded as 
mild, moderate, or severe. 
The columns on the right are 
integrated 60-minute re- 
sponses. 
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Fic. 4. Lipomul®-stimulated 
neurotensin (NT) response in 
patients with chronic pan- 
creatitis graded as mild, 
moderate, or severe. The col- 
umns on the right are inte- 
grated 60-minute responses, 
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hour fecal fat determination because of its recognized high 
degree of specificity with regard to advanced disease. >! 
We have demonstrated changes in the patterns of stim- 
ulated peptide release, espécially PP and neurotensin, 
which correlate well with these classifications. We may 
find, with further experience, that this is not the best pos- 
sible group of tests, but we are impressed with the use- 
fulness of such a combined grading system: The changes 
we found in patterns of gastrointestinal hormone release 
(that is, increased PP release in patients with moderate 
disease and decreased in severe, and decreased neurotensin 
release in one half of patients with moderate disease and 
in nearly all with severe disease) correlate closely with 
clinical studies. The diagnostic usefulness of PP and neu- 
rotensin release in patients with chronic pancreatitis must 
be further evaluated, but this initial study provides prom- 
ising results. 

On the basis of our findings, we conclude that a grading 
system that combines the results of ERP, bentiromide 
absorption, and fecal fat determination is superior to de- 
pendence on a single test of pancreatic injury, particularly 
when used for the purpose of gauging extent of injury. 
We conclude that measurement of release of PP and neu- 
roterisin will be useful adjuncts to such a system. If our 
present experience is borne out in future studies, these 
hormonal tests may function independently as indicators 
of severity of disease. 
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DISCUSSION 


Dr. R. Scott Jones (Charlottesville, Virginia): I want to compliment 
Dr, Nealon and his associates on this excellently organized, carefully 
conducted study and to tell Dr. Nealon that he presented his work ex- 
tremely well. 

I have three basic questions for the authors. The first concerns their 
patient population. They prospectively studied 33 patients with chronic 
pancreatitis, and I want to ask if any of these patients had had surgery 
on their stomach, pancreas, biliary system, or intestine prior to inclusion 
into this investigation. 

The second question concerns the pancreatic polypeptide and neu- 
rotensin data that demonstrated very clearly the relationship to the clinical 
evaluation of pancreatitis. My question is: Could you tell us how normal 
people (people who do not have pancreatitis) respond when you give 
them Lipomul® and measure neurotensin and pancreatic polypeptide 
in their blood so that we can contrast that to the pancreatitis group? 

My last question: How do you plan to use the findings in the future 
in terms of evaluating the patients with chronic pancreatitis, and how 
do you plan to use this information in proposing therapy or management 
of these patients? 

I think the observations of this study on gastrointestinal or pancreatic 
hormones will provide additional opportunities and avenues for inves- 
tigations in the future. 


Dr. BERNARD M. JAFFE (Brooklyn, New York): This paper represents 
yet another contribution from the Galveston group, which clarifies the 
practical relevance of gastrointestinal hormone physiology to clinical 
disease processes. The authors have shown that hormonal changes cor- 
relate directly with the severity of chronic pancreatitis and that, in the 
assessment of disease severity, some of these hormonal changes are prob- 
ably more accurate and more sensitive than classical studies of pancreatic 
physiology. I will limit my comments to pancreatic polypeptide (PP). 

The data regarding PP changes in pancreatitis suggest strongly that 
these hormone responses may be useful in the diagnosis and assessment 
of chronic pancreatitis. For a number of reasons, the measurement of 
PP levels is quite a practical marker for chronic pancreatitis. First, the 
radioimmunoassay for PP is quite simple. Second, since PP release is 
easily stimulated by both fat and protein, changes in PP may be easily 
detected by the use of test meals. In addition, there are a number of 
reasons to suspect that PP may be an important hormone to measure 
in the evaluation of patients with chronic pancreatitis. While several 
laboratories have previously documented the deficiency in PP associated 
with chronic pancreatitis, new information has appeared that suggests 
that PP may be more than simply a marker of pancreatic disease. 

Studies in our laboratories by Dr. Dana Andersen, the first American 
Surgical Association Foundation Fellow, and his colleagues have indicated 
that PP deficiency may contribute directly to the glucose intolerance 
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seen in severe pancreatitis. Dr. Andersen and his colleagues have dem- 
onstrated that the administration of PP results in a reversal of the ab- 
normal glucose tolerance and of the abnormal hepatic sensitivity to insulin 
observed in both the animal model of chronic pancreatitis and in a clinical 
trial of patients with chronic pancreatitis currently under way in our 
institution. These preliminary studies suggest that PP may function 
physiologically to regulate the action of insulin on the liver, and PP 
deficiency in chronic pancreatitis may therefore be an important hor- 
monal cause of the metabolic abnormalities. I would like Dr. Thompson 
to comment on these observations and explain the augmented PP release 
in patients with moderate disease in the pancreas. 

Finally, since so many of those patients are potential candidates for 
drainage procedures, I am curious to know if some of the patients have 
actually been studied following corrective surgery. It is well known that 
Puestow procedures restore or improve glucose tolerance in patients with 
chronic pancreatitis. | wonder if Dr. Thompson and his colleagues have 
had the opportunity to study PP function after corrective surgery. 


Dr. STANLEY R. FRIESEN (Kansas City, Kansas): | rise to compliment 
young Dr. Nealon on a good presentation; I also congratulate his father, 
who is here and who has a son old enough to present his first paper to 
the American Surgical Association. 

I rise also to confirm the fact that the pancreatic polypeptide response 
to a meal is reduced or flat in patients with severe pancreatitis. In our 
studies we use a big breakfast, not Lipomul?®. 

To show the various responses of pancreatic polypeptide to meals in 
patients with different diagnoses, | want to show one slide. 

(Slide) This slide demonstrates the various kinds of responses. We 
have done a lot of pancreatic polypeptide assays on all types of patients, 
I think that is probably because the peptide was discovered at our insti- 
tution by the late Joe Kimmel, a biochemist. 

Normally, in people without disease there is a response that rises from 
2 to 444 times the basal level. An increased, exaggerated response of HPP 
over 4' or 5 times its basal level is seen in patients with MEAT who may 
be asymptomatic but have islet cell hyperplasia. The basal level, on the 
other hand, is elevated in MEAI patients who have an islet cell tumor. 

On the other side of the coin are a group of patients who have a flat 
response, no response, or, in the terminology used in this paper today, 
a diminished response. These include patients with severe chronic pan- 
creatitis, patients with cystic fibrosis of the pancreas, obese patients with 
diabetes, and in a few obese patients with the Prader-Willi syndrome. 
When a total pancreatectomy is done for severe chronic calcific pancre- 
atitis, the pancreatic polypeptide level in the plasma goes down to un- 
detectable levels. 

It is difficult to explain the diminished or flat response after a meal , 
that represents a diminished endocrine response in an exocrine disease. 
Pure obstruction of the pancreatic duct is accompanied by preservation 
of the islets, as Banting and Best showed years ago. Perhaps, there is 
exocrine and fibrous tissue encroachment of the pancreatitis on the islets, 
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where the PP cells, on the periphery of the islets, are crowded out, I 
suppose, by the exocrine disease. My questions to the authors are: How 
do they explain the diminished pancreatic polypeptide response and the 
diminished insulin response in chronic pancreatitis? Secondly, why don’t 
they just use the abnormal oral glucose tolerance test as a measure for 
the endocrine deficiency in these patients? 


Dr. HAILE T. Deas (Seattle, Washington): I nave been instructed to 
rise and say that this contribution is the most significant since the intro- 
duction of the wheel. It is a beautifully presented paper. I merely wish 
to ask three questions, 

First, evidence has been provided recently that a negative feedback 
mechanism for regulation of pancreatic secretion exists in man; i.e., di- 
minished entry of pancreatic enzymes into the duodenum causes in- 
creased release of CCK. The studies presented this afternoon do not 
support that. I wonder if the authors think that this feedback mechanism 
actually operates in man. 

My second question has to do with pancreatic polypeptide. Since its 
release is critically dependent on cholinergic neurons, is it possible that 
it is not islet destruction but neuronal damage that causes this diminished 
response? 

My third question is: Since neurotensin is an ileal hormone, how is it 
that its release is so drastically impaired in chronic pancreatitis? 


Dr. JOHN M. HOWARD (Toledo, Ohio): Insulin release, of course, is 
markedly diminished with chronic pancreatitis, but the islet cells are 
beautifully preserved histologically. We had thought that the low plasma 
insulin levels reflected perhaps a lack of absorption of insulin because 
of the fibrous encapsulation of the islets of Langerhans. . 

I ask the authors if they have any data they can share with us on 


gastrin release. 


Dr. DAVID L. NAHRWOLD (Chicago, Illinois): The work suggests that 
neurotensin might be the best indicator of the degree of severity of chronic 
pancreatitis. This is logical because the degree to which pancreatic juice 
digests the fat meal will determine the amount of neurotensin that is 
released. 

However, since neurotensin is released from the ileum, Dr. Thompson, 
how do you account for the fact that the maximal neurotensin levels 
were found within 15 minutes of ingestion of a meal? Does the digested 
fat get there that quickly? 

I would also like to know Low you account fer the fact that CCK, 
which is also released by fat, is not a good indicator of the severity of 
pancreatic disease. 

Finally, have you tried the oral fat at different dosages? You have 
shown responses to one dose, but you do not know whether this is a low 
dose, a moderate dose, or a high dose. It could be that the lack of uni- 
formity in the response to the three different hormones results from the 
fact that their release thresholds and their maximal responses to ingested 
fat vary considerably. 

I enjoyed the paper very much and think it is an important contribution 
because it is a way to stage chronic pancreatitis and, as we heard earlier 
this afternoon, the staging of disease makes for easier application of 
various treatments. 


DR. PATRICK O'LEARY (Dallas, Texas): I would like to know if any 
attempt was made to quantify the amount of pancreatic damage (or 
more correctly the amount of remaining functioning páncreas) by the 
rhore conventional measurements of pancreatic function. This might 
include the response of the pancreas by the output of volume, bicarbonate, 
or protein secondary to an intravenous secretin challenge. 


Dr. JAMES C. THOMPSON (Closing discussion): We did in fact measure 
gastrin and secretin, and there were no changes with them, so we did 
not include them. We did a whole series of other studies of exocrine 
function. We did the Lundh test and the secretin test; we tried protein 
meals; none of them gave us information that was worthy of analysis, 
or, at least, we were not smart enough to analyze the data we got, so we 
did not include it. That is a much better way to say it. 

Dr. Nealon has been working on this for more than a year. We have 
initiated studies on several more patients than have been reported; but 
since many of these patients are nomads and they do tend to drink a 
lot, they are not easy to study and some of them leave. These are 33 
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consecutive patients in whom we have completed the studies. The only 
selectivity has been the patients’ feet. If they stay around in the hospital 
we have studied them and we have reported them, and we have riot in 
any other way selected the data. 

We eventually chose three clinical tests. First of all was the test for 
the presence of lipase in the duodenum, that is, the fecal fat test; secondly, 
the test for the presence of a protease, that is, chymotrypsin (that 1s what 
the benteromide test is for); and thirdly, a test for morphological injury, 
which we assess by means of endoscopic retrograde pancreatography. 

Now let me get to the individual questions. 

Dr. Jores asked me if any of these patients had been operated on. 
Eight of the 33 had had previous cholecystectomy, and three of them 
had had previous Puestow operations done in the distant past. We were 
not able to detect any difference in those patients who had and who had 
not been operated on. 

To skip forward to one other question that somebody asked—that is, 
what was the effect of the Puestow operation on these patients—we have 
done one patient whom we have been able to follow completely, and 
that patient after a Puestow operation did convert his negative PP—that 
is, his depressed PP-—response to an elevated response; thus, he converted 
from a severe pancreatic polypeptide response to an indicator o7 moderate 
degret of injury. 

Dr. Jones also asked how our information compared with that on 
normal individuals, That is a particularly difficult question to answer 
because, as Dr. Jones well knows, one of the hardest things to say is how 
normal people do in terms of these endocrine tests. For one thing, the 
tests vary from time to time. Dr. Jones, as nearly as we can tell, the 
intermediate response in every one of these three graphs was very close 
to what we expect to get from normal individuals, and the elevated re- 
sponse was greater and the depressed response was less than normal. 

You asked what we envision the value of this test to be in the future. 
Frankly, we are just waiting around to see what pans out. However, we 
have several ideas in mind. We want to analyze the responss of these 
individuals to surgical procedures. We want to do a longitudinal study 
over time to see how these tests persist, whether they change, whether 
they get better or worse, and we want to see if this will be a worthwhile 
indicator of the progression of disease. 

Dr. Jaffe talked about pancreatic polypeptide, of which his group ts 
one of the major mavens of the western world. We are well aware of the 
beautiful studies of Drs. Andersen and Buonaconti on the role of pan- 
creatic polypeptide dnd the interrelations between glucose and insulin. 

Dr. Friesen, wé greatly appreciate your remarks, and I am greatly 
saddened to learn of Dr. Kimmel's death. He certainly made a major 
contribution to the field we are all working in. 

You asked how to explain the flat pancreatic polypeptide response to 
a meal. We are in the dark. We have made the fairly primitive assumption 
that it is just like insulin; that is, with far-advanced disease you do get 
in fact morphological destruction of the islets as well as of the exocrine 
parenchyma, and that is what causes it. 

Dr. Debas asked about the feedback mechanism of pancreatic poly- 
peptide, and as far as we know there are no data to support the presence 
of that feedback system in man. He asked if this could be due to neuronal 
damage; it certainly could. I know of no way now to dissect that. 

Dr. Debas asked why neurotensin is diminished. Dr. Nahrwold an- 
swered that, I believe that is, with pancreatic destruction you get loss of 
lipase, and lipase is required for the release of neurotensin. 

Dr. Howard asked about gastrin. Gastrin levels are unchanged. 

Dr. Nahrwold asked in interesting question: What is the role of neu- 
rotensin? Since it is present in the ileum and is released by signals from 
the duodenum, how do we explain changes in the release? We do not 
really know. 

Neurotensin is ari interesting agent. It does exist about 95% in the 
ileum, yet when you eat a fatty meal it is released within 5 minutes after 
ingestion of the food. Presumably, a signal goes from the duod2num to 
the ileum. If you do an ileectomy (we have done that), you totally abolish 
that rapid PP release. Thus, whatever the patient with chronic pancreatitis 
has, it probably interferes with that signal, and the interference is probably 
lack of fat absorption. 

We have not tried different doses of fat, Dr. Nahrwold. That is a good 
idea, and we plan to do so. You asked why CCK gives no information. 
We do not know. 

Dr. O’Leary asked if we have tried other tests of endocrine and exocrine 
function. I outlined in the beginning that we have tried almost all of 
them. 
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From 1979 to 1984, 1000 patients with hepatic injuries were 
treated at one urban trauma center. Penetrating wounds were 
present in 86.4% of patients. Simple hepatorrhaphy, use of topical 
hemostatic agents, or drainage alone were the only forms of 
therapy required in 881 patients, and 65 (7.3%) died. Extensive 
hepatorrhaphy or hepatotomy with selective vascular ligation, 
resectional debridement or resection, selective hepatic artery li- 
gation, or perihepatic packing were required, often in combina- 
tion, in 119 patients, and 40 (33.6%) died. Uncomplicated re- 
coveries occurred in 798 of the 918 patients (86.9%) surviving 
greater than 48 hours. In the remaining 13.1% of patients, intra- 
abdominal abscess formation was the most common late com- 
plication (32/918 = 3.5%). Mortality for the entire series of 
1000 patients was 10.5%, with 78.1% (82/105) of all deaths 
occurring in the perioperative period from shock or transfusion- 
related coagulopathies. 


N PATIENTS with abdominal trauma, the liver is the 
most commonly injured organ. As injuries to the 
porta hepatis, hepatic veins, or retrohepatic vena cava 

are rare, even in the busiest trauma centers, the hepatic 
parenchymal injury remains the primary problem for the 
surgeon. 

The management of parenchymal injuries in this 
country has continued to evolve since the early descrip- 
tions of compression of the hepatoduodenal ligament, use 
of mattress sutures, and insertion of gauze packing into 
hepatic lacerations 80 years ago.'~* Certain forms of treat- 
ment that have been popular in the past are now used 
infrequently. Included among these are the use of deep 
mattress sutures, intrahepatic packing, frequent lobec- 
tomy, and hepatic artery ligation. In contrast, techniques 
such as hepatotomy with selective vascular liga- 
tion,*® limited resectional debridement,’ and perihepatic 
packing®” have gained favor. 
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From the Cora and Webb Mading Department of Surgery, 
Baylor College of Medicine, and the Ben Taub General 
Hospital, Houston, Texas 





This is a report of a recent 5.5-year experience with 
1000 consecutive patients with hepatic injuries. All pa- 
tients were treated at the Ben Taub General Hospital, a 
Level I trauma center affiliated with the Baylor College 
of Medicine in Houston, Texas, from 1979 to 1984. 


Methods 


Resuscitation and treatment of all patients with hepatic 
injuries during this time interval were similar.*-!° Symp- 
tomatic patients with blunt trauma to the abdomen, stab 
wounds to the lower chest, anterior abdomen or back, or 
gunshot or shotgun wounds with peritoneal traverse were 
taken to surgery after resuscitation with warm crystalloid 
solutions and type-specific packed red blood cells. 

Asymptomatic patients with blunt trauma to the ab- 
domen and an altered sensorium or head or spinal cord 
injuries were evaluated by the technique of an open di- 
agnostic peritoneal tap and, if necessary, lavage. Asymp- 
tomatic patients with stab wounds to the anterior abdo- 
men that were found to have penetrated the peritoneum 
on local wound exploration were also evaluated by the 
technique of an open diagnostic peritoneal tap/lavage."' 

Intravenous pyelography was performed in stable pa- 
tients with hematuria after blunt trauma to the abdomen 
and in all patients with penetrating wounds to the ab- 
domen. Perioperative antibiotics were given to patients 
with blunt trauma to the abdomen if the surgeon chose 
to do so and to all patients with perforating wounds to 
the intra-abdominal gastrointestinal tract other than the 
esophagus under a rigidly controlled protocol.'” 

In patients who were near death with a massively dis- 
tended abdomen secondary to a hemoperitoneum, either 
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emergency center or operating room thoracotomy was 
occasionally performed to allow for cross-clamping of the 
descending thoracic aorta prior to or concurrent with ce- 
liotomy.'? 

After transfer to the operating room the patient’s an- 
terior trunk was prepared and draped from the chin to 
the knees. A midline incision was used to enter the ab- 
domen, and all blood and fecal material evacuated man- 
ually and by a suction device. If gross hemorrhage without 
fecal contamination was present, a “BRAT” (Baylor 
Rapid Autotransfusion device) has been used in recent 
years to aspirate free blood from the abdomen as the mag- 
nitude of the hepatic injury was assessed. Visualization 
of the injury was improved by division of the round and 
falciform ligaments and insertion of a wide upper abdom- 
inal self-retaining retractor. If the hepatic injury was ex- 
tensive, a Pringle maneuver was applied and manual or 
laparotomy pad compression was used until the anesthe- 
siologist, scrub nurse, and blood bank were prepared for 
a major hepatic operation. 

If minor hepatic lacerations were present, hemostasis 
was generally obtained by use of compression, application 
of topical agents, or suture hepatorrhaphy utilizing O- 
chromic sutures applied in a horizontal mattress or run- 
ning fashion. With major hepatic lacerations, hepatotomy 
by finger fracture with selective vascular ligation or clip- 
ping, as described by Pachter et al., was performed.** He- 
patotomy was also performed by connecting missile en- 
trance and exit sites when active hemorrhage was noticed 
from either. In the last year of the review (1984), the in- 
sertion of omental packs into hepatotomy sites was first 
performed with some frequency.”*!* When large periph- 
eral sections of the liver were devitalized by shotgun 
wounds or blunt trauma, resectional debridement with 
selective vascular ligation or clipping was used. Left lateral 
segmental resection was occasionally necessary for avul- 
sion-type injuries lateral to the falciform ligament; how- 
ever, formal anatomic lobectomy was rarely required. Se- 
lective extrahepatic artery ligation was used only when 
selective intrahepatic vascular ligation could not control 
arterial bleeding in deep lacerations as the Pringle ma- 
neuver was released, but the reapplication of a Pringle 
maneuver appeared to slow the rate of hemorrhage. '*!¢ 
Perihepatic packing with laparotomy pads was used when 
nonmechanical hemorrhage resulted in diffuse oozing 
from hepatic suture lines or raw surfaces or when large, 
nonexpanding, unruptured subcapsular hematomas were 
present.®?!” Perihepatic packs were most commonly re- 
moved at a reoperation 3.7 days after the original oper- 
ation for trauma.’ 

In general, the Pringle maneuver was released just prior 
to closure of the abdomen in order to assess the results 
of the various techniques of hepatic hemostasis. No ad- 
juncts such as intravenous steroids or cooling the liver 
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with iced Ringer’s lactate solution were used to protect 
the liver during the period of Pringle-induced ischemia.® 

Open Penrose drains were inserted after the repair of 
moderate and severe lacerations, after debridement of de- 
vitalized hepatic tissue, or after segmentectomy or lobec- 
tomy. When maior lacerations were repaired or when ex- 
tensive debridement or resection was performed, closed 
suction drains were inserted above and below the injured 
lobe as well. Open Penrose drains were removed when 
drainage ceased, usually between 2 and 7 days. Closed 
suction drains were also removed when drainage ceased, 
usually between 2 and 4 days. 

Postoperative intraperitoneal abscesses were generally 
diagnosed by clinical examination and ultrasound. The 
first attempt at draining such a collection was by reopening 
an old right upper quadrant drain site, if possible. In the 
last 2 years of the review, percutaneous drainage of pe- 
rihepatic fluid collections was occasionally performed by 
invasive radiologists. 

The names of all patients undergoing celiotomy for he- 
patic trauma were recorded in a running log maintained 
by the Department of Surgery at the Ben Taub General 
Hospital. Data reviewed in this study were retrieved from 
this running log and from individual patient charts in 
patients undergoing a “complex” repair (to be described). 


Results 


From January 1979 to July 1984, 1000 patients or 183 
patients/year with hepatic injuries were treated (Table 1). 
Hepatic injuries were seen in 25-30% of all patients who 
underwent celiotomy for abdominal trauma during this 
time interval. The most common mechanism of injury 
was a penetrating wound (86.4%), and gunshot wounds 
or shotgun wounds accounted for nearly 61% (525/864) 
of these (Table 2). Male patients predominated (91.2%), 
as in all trauma series. 

There were 30 patients who arrived in the emergency 
center with profound hypotension or a state of cardiac 
arrest. All of these patients required an emergency center 
thoracotomy for cross-clamping of the descending thoracic 
aorta and, on occasion, internal cardiac massage prior to 
transfer to the operating room. Another 15 patients re- 
quired an operating room thoracotomy at the time of lap- 
arotomy for similar reasons. | 

For purposes of analysis, patients were arbitrarily placed 
into one of two groups, “simple” or “complex” repair, 
depending on the type and extent of the hepatic repair 
required rather than on the extent of the hepatic injury 
itself. This type of analysis was utilized because of the 
present lack of agreement about classification of hepatic 
injuries in trauma centers.°7!®!7 The majority (88.1%) of 
patients in this series was treated by simple repairs, defined 
as suture hepatorrhaphy (640 patients), drainage only (202 
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TABLE |. Injuries per Year 
Year Number (%) 
1979 182 (18.2) 
1980 196 (19.6) 
1981 177 (17.7) 
1982 194 (19.4) 
1983 166 (16.6) 
1984 85 (8.5)* 





* January to July. 


patients), or application of a topical agent (Table 3). In 
37 patients no specific treatment was given for the hepatic 
injury because of the minor nature of the wound or be- 
cause of the magnitude of other intra-abdominal injuries. 
Mortality in the simple repair group was 7.3% (65/881). 

In 119 patients (11.9%) advanced techniques of he- 
mostasis such as extensive hepatorrhaphy or hepatotomy 
with selective vascular ligation, resection or resectional 
debridement with selective vascular ligation, selective he- 
patic artery ligation, or perihepatic packing were required, 
often in combination (Table 4). Included in this group 
were 45 patients with perihepatic packing (22 alone, 23 
with other therapy) and six patients with selective hepatic 
artery ligation (one alone, five with other therapy). 

Pringle times were not accurately recorded during the 
first 3 years of this review. In recent years, Pringle times 
of 30-60 minutes were routine for most patients who re- 
quired complex repairs. Pringle times greater than 60 
minutes were recorded for at least five patients on one 
author’s (DVF) surgical service during the last 2 years of 
the review. Three of these patients survived, while two 
died from hemorrhagic shock. 

The average operative blood replacement in this group 
was 14.8 units. In a subgroup of these patients in whom 
the information was available, the average closed suction 
drainage was 544 ml on postoperative day | and 280 ml 
on postoperative day 2. In contrast, open Penrose drainage 
averaged 155 ml on postoperative day | and 63 ml on 
postoperative day 2. Mortality for the 119 patients in the 
complex group was 33.6% (40/119). 

Isolated hepatic injuries occurred in 277 patients 
(27.7%). Associated injuries to one or two organs occurred 


TABLE 2. Mechanism of Injury 





Mechanism Number (%) 
Penetrating 
GSW 506 | 
SW 339 > (86.4) 
SGW 195 
Blunt 136 (13.6) 


GSW = gunshot wound; SW = stab wound; SGW = shotgun wound. 
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TABLE 3. Simple Repair or Drainage 





Technique Number (%) 
Hepatorrhaphy 640 (64.0) 
Drainage only 202 (20.2) 
No repair 37 (3.7) 
Topical agent 2 (0.2) 
Total 881 (88.1) 





in 418 patients (46.8%), while associated injuries to three 
or more organs (3~9) occurred in 255 patients (25.5%). 
Associated injuries were, therefore, present in 723 patients 
(72.3%) and most commonly were to the diaphragm 
(29.6% of all patients), major vascular channels (20.4%), 
stomach (15.9%), lung (14.9%), and colon (13%). 

Uncomplicated recoveries occurred in 798 of the 918 
patients (86.9%) who survived more than 48 hours. In 
the remaining 13.1% of patients (120/918), intra-abdom- 
inal abscess formation (32 patients or 3.5% of patients 
surviving more than 48 hours) was the most common late 
complication (Table 5). When the group who developed 
intra-abdominal abscesses was examined, hepatorrhaphy, 
the most common type of repair in the series, had been 
performed in 23 of 32 patients (71.9%), drainage only in 
four patients, resection in two, and miscellaneous pro- 
cedures in three others. One long-term survivor developed 
a common bile duct stricture after transfer to another 
hospital and required a biliary drainage procedure. This 
patient had suffered a bilobar gunshot wound, was pro- 
foundly hypotensive both during and immediately after 
operation, and had undergone a common hepatic artery 
ligation in a last desperate attempt to obtain control of 
hepatic hemorrhage. He is the only survivor known to 
have developed this complication related in part to the 
application of a Pringle maneuver. 

Mortality for the entire series of 1000 patients was 
10.5% (105/1000), with 78.1% (82/105) of all deaths oc- 
curring in the perioperative period from shock or trans- 
fusion-related coagulopathies. All 45 patients who had an 
emergency center or operating room thoracotomy per- 


TABLE 4. Complex Repair 





Technique Number (%) SHAL A/C Pack 
Hepatorrhaphy, 

hepatotomy 54 (5.4) 3 5 12 
Resectional 

debridement, 

resection 36 (3.6) 2 5 l1 
Packing alone 22 (2.2) — I = 
Miscellaneous 7 (0.7) 1 l — 
Total 119 (11.9) 6 12 23 





SHAL = selective hepatic artery ligation; A/C = atriocaval shunt; “* 
Pack = perihepatic packing. 
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formed in addition to celiotomy died, thereby accounting 
for 42.9% (45/105) of all deaths. Late deaths occurred in 
23 patients (21.9% of all deaths), 18 of which (78.3%) 
were secondary to renal failure, respiratory failure, or 
multiple organ failure. Included in this group was a 23- 
year-old man who developed extensive hepatic necrosis 
after common hepatic artery ligation, portal vein repair, 
and multiple hepatorrhaphies for a gunshot wound tra- 
versing the porta hepatis and both lobes of the liver. This 
patient, who died on the 47th postoperative day with 
multiple organ failure, is one of only two individuals in 
the series with hepatic necrosis as the major cause of death. 
The other patient, previously described in another pub- 
lication,® died from hepatic necrosis related to attempted 
pack control of a perforation in an intrahepatic vein. 


Discussion 


The approach to hepatic injuries during the 30-year 
period after World War II remained relatively constant. 
Pringle times were limited to 15-20 minutes,'® intrahe- 
patic gauze packing was replaced by large mattress sutures 
for control of hemorrhage,'? major resection was fre- 
quently employed,”’?! and open Penrose drainage was 
mandatory.'*:!? In the last 10 years of this period, selective 
hepatic artery ligation became a popular form of treatment 
as well,!>!6 

As the volume and magnitude of civilian hepatic in- 
juries increased, it became obvious that some of the ap- 
proaches previously described were not scientifically 
sound, did not control parenchymal hemorrhage, or re- 
sulted in excessive morbidity and mortality. For these 
reasons, a significant evolution in therapy has occurred 
during the past 5-10 years. Some of the most notable 
changes include the extension of Pringle times, the use of 
hepatotomy with selective vascular ligation, the insertion 
of omental packs into hepatotomy sites or liver fractures, 
the selective use of perihepatic packing, and decreased 
use of open Penrose drainage. 


Extension of Pringle Times 


Carl Johann Langenbush (1846-1901), one of the most 
noted German surgeons of his time, is referred to by Prin- 
gle in his classical article in 1908.47? In Langenbuch’s 
Chirurgie der Leber und Gallenblase, Volume 2, published 
in 1897, the origins of a limited time interval for clamping 
of the hepatoduodenal ligament are clearly stated: 

In Gluck’s second work. . . the ligation of the porta hepatis caused 

the immediate collapse in rabbits, but if the ligature was released 

within 10 or so minutes then the animals would recover.” 
While Pringle was aware of Gluck’s work, his own ex- 
periments in dogs did not result in the same dismal results. 
* In 1908, Pringle noted the following: 
The (four) animals survived the temporary (one hour) obstruction 
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TABLE 5. Complications in 918 Patients Surviving 


Jor More than 48 Hours 
Complication Number (%) 
Abscess 32 (3.5) 
Bleeding 25 (2.7) 
Sepsis 17 (1.9) 
Pneumonia 17 (1.9) 


Renal failure 15 (1.6) 


of the portal circulation and did not appear to have been in any 

way injured by it.“ 
It is clear that Pringle’s classical article did not establish 
a limited period of time for clamping of the hepatoduo- 
denal ligament in man. Rather, continued experiments 
on animals with portal bacteremia in this country helped 
perpetuate the Pringle myth.***° 

In recent years, careful documentation of prolonged 
Pringle times by trauma surgeons such as Pachter,”* elec- 
tive hepatic surgeons such as Huguet,” and surgeons per- 
forming hepatic transplantation in many centers has made 
the former 15-20 minute time restriction invalid. Also, 
the more frequent use of arteriography after selective he- 
patic artery ligation has demonstrated extensive collateral 
flow to the liver even with the main arterial inflow per- 
manently occluded.*’ The exact role of adjuncts such as 
intravenous steroids and topical cooling for protection of 
the liver during long clamp times in humans is unclear 
at present.® 

In the patients reported in this series, Pringle maneuvers 
were not released to perfuse the liver at fixed time intervals 
during the time of repair. Rather, the Pringle maneuver 
was released only when hepatic hemostasis had been at- 
tained. The hypothermia associated with extensive trans- 
fusion and the excellent collateral flow to the liver if the 
supraceliac aorta is not clamped clearly protect the injured 
liver. As previously noted, only two patients had extensive 
hepatic necrosis as a cause of death in this review. In both, 
other factors, common hepatic artery ligation in one and 
inappropriate packing in the other, were most likely re- 
sponsible. 


Hepatotomy with Selective Vascular Ligation 


As in the previous large review from this hospital, sim- 
ple techniques of hemostasis and drainage were all that 
was required in over 85% of hepatic injuries that were 
treated.” This is undoubtedly a reflection of the large 
number of small caliber missile and superficial knife 
wounds seen in our urban population. When blunt trauma 
is more common, a greater percentage of patients will 
require advanced techniques of hemostasis, as previously 
described.” 

Mattress sutures passed deeply through lobar lacerations 
or around missile tracts are accompanied by two prob- 
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lems. The first is the frequent failure of the sutures to 
control hemorrhage, while the second is the extensive 
amount of hepatic necrosis that occurs underneath the 
tied sutures. This latter problem will, of course, be aggra- 
vated by a simultaneous ligation of the hepatic artery.*° 

Hepatotomy with selective vascular ligation rather than 
the insertion of mattress sutures is now frequently utilized 
to control hemorrhage from deep lacerations or missile 
tracts.°-”°°! With a Pringle maneuver in place, long thin 
retractors can be placed into a lobar laceration to allow 
for exposure of deeply placed bleeding vessels. When mis- 
sile tract bleeding is occurring, the entrance and exit sites 
may have to be connected using finger fracture or another 
blunt technique for division of the hepatic parenchyma. 
Selective vascular ligation can then be performed using 
clips or sutures. In this series, either 2-0 or 3-0 chromic 
or silk sutures were frequently utilized. On occasion, large 
intralobar branches of the hepatic veins can be repaired 
with polypropylene sutures. Failure to control hemorrhage 
from deep lacerations or missile tracts with a Pringle ma- 
neuver in place strongly suggests the presence of injury 
to the retrohepatic vena cava or major hepatic veins be- 
hind the lobe. Proper use of hepatotomy should signifi- 
cantly lower the incidence of major lobar resection in any 
center, though not all agree with this approach.** As noted 
previously, major resection or resectional debridement 
was used in only 3.6% of patients in this series. 


Omental Pack 


The use of a viable pedicle of omentum loosely placed 
into deep lobar lacerations or hepatotomy sites after se- 
lective vascular ligation has gained widespread use since 
its introduction by Stone and Lamb in 1975.'* Without 
the insertion of an omental pack, the surgeon once again 
would have to consider closing lobar lacerations or he- 
patotomy sites with mattress sutures, which would cause 
parenchymal necrosis. Also, postoperative drainage would 
likely be greater from parenchymal surfaces if they are 
not covered in some fashion. As omental packs were used 
routinely only in the last year of this series, their exact 
role in maintaining the low incidence of postoperative 
perihepatic sepsis (3.5%) is unclear. Pachter’s data are 
strongly suggestive of a beneficial effect in patients with 
severe injuries of the liver.® 


Perihepatic Packing 


Since 1975, there have been at least six published re- 
ports on the use of perihepatic packing, primarily with 
dry laparotomy pads, to control nonmechanical bleeding 
from exposed hepatic surfaces or suture lines. 59347 At 
the present time, the major indication for perihepatic 
packing is the presence of transfusion-induced coagulo- 
pathies, while the major contraindication is the presence 
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of active bleeding from large intrahepatic and retrohepatic 
vessels.” 

The use of packs in this series was restricted to only 
the most severely injured patients. In half of these patients, 
diffuse oozing from parenchymal surfaces or suture lines 
after repair was the indication. The remaining half re- 
quired packing as the sole treatment of the hepatic injury 
because of the magnitude of other intra-abdominal in- 
juries, the presence of an early operative coagulopathy 
related to profound shock in the prehospital period, or 
the “irreparable” nature of the hepatic injury. 

Based on an experience with 66 patients with perihe- 
patic packing reported elsewhere, dry laparotomy pads 
appear to create the most effective hepatic tamponade.’ 
When packs are removed at a reoperation 3-4 days after 
insertion, the abdomen should be irrigated, drain sites 
changed, and the injured liver reinspected for satisfactory 
hemostasis. The judicious use of packs in a highly selected 
group of patients with hemostatic failure should lead to 
survival rates of 60-90%.” 


Drainage 


Drainage after hepatic trauma has been controversial 
for over 80 years.’ While routinely practiced after World 
War IL, recent reports have strongly suggested that open 
Penrose drainage or even a closed drainage system is not 
necessary in the majority of patients sustaining minor or 
modest hepatic trauma.*’~*! In the two prospective studies 
reported to date, the incidence of perihepatic sepsis was 
higher in the group that was drained, though neither study 
was perfectly randomized.?*! 

It is doubtful that minor or modest hepatic injuries, 
the most common noted in this large series, need to be 
drained. When larger lacerations are present or a hepa- 
totomy or resectional debridement has been performed, 
closed suction drains will probably eliminate most early 
postoperative fluid collections. As previously noted, these 
drains were most effective in the “complex” group of pa- 
tients in this series; however, open Penrose drainage was 
also used in these patients. This combination in a selected 
group of patients was clearly effective in maintaining the 
low incidence of perihepatic abscesses noted in the series. 


Conclusion 


From a review of the operative treatment of 1000 pa- 
tients with hepatic injuries over a recent 5.5-year period, 
the following conclusions can be drawn: (1) When pen- 
etrating wounds are the most common cause of hepatic 
injuries, simple techniques of hemostasis or drainage suf- 
fice in approximately 90% of patients. (2) Complex hepatic 


injuries not involving the retrohepatic vena cava can usu- = 
ally be managed by hepatorrhaphy, hepatotomy, resec- “w 


tional debridement, or packing. Lobar resection or hepatic 
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artery ligation were required in less than 3.5% of all pa- 
tients in this review. (3) Intra-abdominal abscess forma- 

tion is the most comnion complication after major hepatic 
trauma. (4) Mortality rates for hepatic injuries have sta- 
bilized at approximately 10%, with hepatic hemorrage or 
transfusion-associated coagulopathies accounting for 
greater than 75% of all deaths. (5) Late deaths after hepatic 
injuries are almost always due to single or multiple organ 
failure, often associated with the original state of shock 
and magnitude of injury. 
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eraged 127 liver injuries per year. The Houston team is treating almost 
200 per year. l l 

This manuscript is excellent. Decisions on triage, early therapy, re- 
suscitation, and procedures during operation are well presented. The 
authors’ vast experience highlights the efficacy of proper hepatorrhaphy 
for hemostasis in most injuries. Extrahepatic hepatic artery ligation is 
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reserved for patients in whom hepatotomy and intrahepatic vascular 
control is not feasible. Perihepatic packing is reserved for so-called non- 
mechanical bleeding or intrahepatic hematoma, or when all else fails. 
Proper drainage continues to be advocated for the worst injuries. 

I have two questions. David, you indicated that autotransfusion has 
been used in the more recently treated patients with bad injuries. Our 
uncontrolled data suggest that autotransfusion creates a coagulopathy, 
which you indicated was one of the major causes of death in those patients 
who did die. Do you have any studies on primary and secondary he- 
mostasis before and after you began to use autotransfusion for your 
worst injuries? 

Secondly, we frequently have a patient transferred in with a perihepatic 
pack in place. More recently, | have had the opportunity to see three 
patients with extrahepatic hepatic artery ligation plus perihepatic packing. 
All three patients developed necrosis to the dearterialized segment of 
liver, Presumably, this necrosis was the result in the reduction of the 
intrahepatic tissue perfusion pressure consequent to the hepatic dear- 
terialization plus the placement of the hepatic or perihepatic pack. Theo- 
retically, this makes sense. Consequently, | recommend that, when sur- 
geons are unable to control bleeding, they do not use extrahepatic dear- 
terialization in conjunction with perihepatic packing. Do you have some 
comments on that? 

I enjoyed the opportunity of reviewing this excellent manuscript, and 
I compliment the authors on their work. 

Dr. C. JAMES CaRRICO (Seattle, Washington): I also rise to congrat- 
ulate the authors on a thoughtful analysis of a large and impressive series. 
Of the patients presented, only 119 fell in your category of complex 
injury. That may be related to the fact that you have a predominance 
of penetrating injuries, as you pointed out. I would like to make two 
comments and ask three questions about those patients with complex 
injuries, since they represent the major problem. 

(Slide) My first comment and question have to do with the right hepatic 
artery ligation. We have now had three patients (two of them referred 
to us) with significant hepatic ischemia following selective right hepatic 
artery ligation. They have in common prolonged hypotension and mul- 
tiple transfusions. This represents the picture of one of those patients, 
in whom you can see a distinct line of hepatic infarction, which correlates 
with the blood supply to the right hepatic artery. At autopsy, her whole 
right lobe was, in fact, infarcted. 

My caution is, similar to that of Dr. Lucas, that selective right hepatic 
artery ligation may not be as innocuous as we have been told. My question 
is: in your series did you have any patients with similar long-term ischemic 
injury to the liver? 

My second comment has to do with packing. We agree that “the pack 
is back,” as the guys in Wisconsin say, particularly in the patient who is 
hypothermic, hypotensive, acidotic, and has coagulopathy. Many times, 
the better part of valor, particularly if the large bleeders are stopped, is 
to apply a pack and come back after those abnormalities are corrected. 

My question has to do with the timing of removal of the packs. Do 
you treat all patients the same? Does the patient whom you really have 
not finished but have to stop on have his pack removed at the same time 
as the patient in whom all the mechanical problems are handled and the 
pack simply finishes things off? 

My third question has to do with exposure and with retrohepatic in- 
juries. I realize that these were not part of your report, but at least in 
our hands it is very difficult ahead of time to identify the patients who 
simply have liver trauma and the patients who have retrohepatic vena 
caval injuries. We have largely abandoned the use of the Shrock shunt 
in the severely hypotensive patients and depend on direct pressure to 
stop the bleeding immediately, We move rapidly to a median sternotomy. 
We think that gives us quite good exposure to the hepatic veins, and 
that by moving rapidly rather than waiting until 20 units of blood have 
been given we can directly occlude the cava above and below, mobilize 
the liver, get exposure, and control those veins before the patient is hy- 
pothermic, depleted of clotting factors, etc. 

My question is: In how many of your patients were there retrohepatic 
caval injuries? What is your posture with the Shrock shunt as opposed 
to direct, rapid occlusion of the vena cava? 

Dr. FRANK C. SPENCER (New York, New York): I much enjoyed 
reading this excellent manuscript in detail. It clearly represents a major 
contribution, describing experiences with over 1000 patients over a period 
of 6 years. This represents three to four patients a week, soberly indicating 
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the frequency of trauma in many American cities like Houston and New 
York. The authors generously refer to the work of Dr. Pachter in our 
department. As Dr. Pachter could not be here today, I will present the 
data from the Bellevue~New York University Medical Center. 

(Shde) Data from 126 complex injuries treated over a period of 10 
years are shown on this slide. These were selected from a total experience 
with 281 patients, representing about 50% of the group. By contrast, in 
the Houston data, less than 15% of the total group (119 patients) was 
classified as “severe.” This difference in frequency distribution well il- 
lustrates the difficulty in comparing data from different institutions. Many 
of the differences in our results with mortality and morbidity probably 
arise from the manner of defining a “severe” injury. 

The four basic principles with liver trauma, as with any traumatic 
injury, are hemostasis, adequate exposure, debridement, and drainage. 
With hepatic injuries, these four objectives have been reached by frequent 
use of the finger fracture technique to incise hepatic parenchyma, often 
combined with temporary occlusion of the portal triad for hemostasis. 
Extensive debridement of injured hepatic tissue can then be done, fol- 
lowed by application of an omental pack and drainage. 

The finger fracture technique, popularized by Dr. Pachter, was used 
in all of the 126 complex injuries. It initially seems somewhat crude and 
unappealing but constitutes the benchmark of obtaining adequate ex- 
posure. 

For example, consider a penetrating wound of the liver with entry 
and exit points 4 inches apart. Deliberately fracturing the intervening 
parenchyma to obtain adequate exposure initially seems hazardous, per- 
haps unnecessary, but is essential to obtain exposure for proper debride- 
ment and hemostasis, the essentials in preventing abscess formation. 
This uniform use of the finger fracture method to expose the depths of 
a laceration within the liver is almost surely a major reason why the 
mortality and morbidity in this group of 126 patients is extremely low. 
The mortality rate was 6%, frequency of abscess formation 4%, and fre- 
quency of rebleeding 1%. 

In 56 of the 126 cases, temporary occlusion of the portal triad was 
done as well. In 27 of the 56 patients, the portal triad was clamped for 
longer than 30 minutes and in six for over an hour, the longest 73 minutes. 
No signs of ischemic injury were recognized in any patient. 

Dr. Feliciano similarly has emphasized the safety of occlusion of the 
portal triad for as long as 1 hour. His manuscript clearly documents that 
the Pringle myth did not originate from the classic 1908 Pringle paper 
but from misquotes and unreliable data subsequently reported by others. 
In our 1983 report, a careful review of publications over the preceding 
30 years found not one bit of evidence to indicate that clamping the 
portal triad for 30-60 minutes caused serious harm. How long it can be 
safely occluded after 1 hour is simply unknown. 

The value of the pack of omentum, popularized by Harlan Stone, in 
preventing infection cannot be determined from our data, as it was used 
in the majority of patients operated on. 

Separately, as Dr. Carrico commented earlier, injuries of the hepatic 
veins or vena cava have the highest mortality. We have treated 10 such 
patients. Shunts were employed in the first four with a 50% mortality. 
In the subsequent six patients, extensive finger fracture was used to expose 
the lacerated vessels, which were then digitally compressed and sutured. 
There were five survivors. Lacerations 2-8 cm in length in the vena cava 
were successfully closed without opening the thorax. Whether this can 
be achieved routinely in a larger group of patients remains uncertain. | 
would appreciate knowing the current indications at Houston for the 
use of the atrial—~caval shunt. 

Aortic clamping through an emergency thoracotomy was employed 
in 45 patients in the Houston series to prevent exsanguination, but all 
subsequently died. We have abandoned aortic clamping at Bellevue for 
a similar reason. 

Regarding hepatic artery ligation, this has not been used at Bellevue 
for several years. It was employed in six patients in this report. | personally 
feel that it is an unsound physiologic concept, somewhat similar to trying 
to stop bleeding from an injury in the foot by ligating the femoral artery. 
It arose from fear of incising the liver. With the demonstrated safety and 
efficacy of the finger fracture technique, hepatic artery ligation should 
rarely be necessary. 


In the Houston data, packing of the wound was employed in 45 of 4 (as 


the 119 patients, nearly one third of the cases. This was clearly a valuable 
form of treatment. At Bellevue, packing has seldom been used, principally 





os 


Vol. 204 « No. 4 


because hemostasis has been obtained by the combination of clamping 
the portal triad and widely opening the lacerated liver. In a rare Case, 
however, when packing was successfully used, the liver was radically 
debrided when the pack was removed. Possibly, the high frequency of 
abscess formation when packs have been employed in the past may have 
resulted from inadequate debridement. There is obviously the natural 
reluctance to employ debridement because of fear of rebleeding when 
the packs are removed. Although data are not available, possibly the 
liberal use of radical debridement at the time of removal of a pack would 
substantially decrease the frequency of subsequent formation. 1 would 
appreciate knowing how often debridement has been performed at 
Houston when the packs were removed. 

Dr. JOHN M. KELLUM (Richmond, Virginia): I too would like to 
congratulate the authors on this splendid and thoughtful series. 

We recently reviewed our results at the Medical College of Virginia 
with liver injury over a similar interval. Nine per cent of our patients 
were not amenable to simple suture or drainage. Most of these were 
severe blunt injuries, which is the real problem area in pure liver trama. 

Of the six who had emergency major resections there was a 100% 
hospital mortality rate, Of the seven patients undergoing packing who 
had a similar severity of injury, six or 83% survived to leave the hospital. 
Some of these required repeated repacking. 

We now believe that if a Pringle maneuver and wide hepatotomy and 
suture fail to control hemorrhage, packing is the measure most likely to 
achieve survival, will you please comment on your decision tree in this 


Dr. JAMES H. FOSTER (Farmington, Connecticut): I too enjoyed 
learning from this enormous experience. We see a different patient pop- 
ulation. Most of our mortality is related to the deceleration injury of 
blunt trauma. We lose patients mostly because they have torn the inferior 
vena cava and the hepatic veihs. 

I would like to raise two points relating to the control of the caval- 
hepatic vein injury, When the exploring surgeon lifts up the right lobe, 
the diagnasis is obvious because the blood loss is enormous. Rather than 
proceeding quickly to control that hemorrhage, I think it often is wiser 
to put the lobe back iñ place, push it against the cava, and call several 
friends for help. Fifteen to 30 minutes of tamponade should allow time 
to transfuse, stabilize, increase exposure, and prepare adequately for future 
excitement. 

My second point is about packing. The pendulum seems to be swinging 
back to packing, but I would discourage its use for cayal-hepatic vein 
injury. Tamponade closes the venous injury while packing may keep it 
open. Have you had any problems with this? 

Dr. DAVID V. FELICIANO (Closing discussion): I would like to thank 
Drs, Lucas, Carrico, Spencer, Kellum, and Foster for their comments 
and questions. 


We now use the Baylor Rapid Autotransfusion device ór “BRAT” on — 


major hepatic injuries without gastrointestinal contamination. If one 
chooses to reinfuse this blood, it is important to vigorously wash the 
cells to eliminate the anticoagulant. 

Selective hepatic artery ligation was used only six times in the series. 
Direct intraparenchymal control of bleeders is a more effective form of 
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therapy and should eliminate large central hematomas as well as the 
necrosis that occurs under parenchymal sutures that have been placed 
prior to the hepatic artery ligation. One of the two deaths from hepatic 
necrosis in this series occurred in a patient with a common hepatic artery 
ligation after a prolonged period of shock. 

Perihepatic packing with dry laparotomy pads is reserved for patients 
with nonmechanical hemorrhage occurring on the completion of standard 
forms of therapy. This is usually seen in patients with a temperature less 
than 32 C, pH less than 7.3, and a transfusion requirement exceeding 
10 units of blood. Less commonly, it is used to control parenchymal 
oozing when extensive areas of Glisson’s capsule have been avulsed. 
Packing has been performed i in only 66 of our last 1348 patients (5.3%) 
with hepatic trauma, and we now pack an average of 9.4 patients per 
year (Feliciano D et al. Packing for control of hepatic hemorrhage. J 
Trauma, in press). The timing of pack removal varies from center to 
center but has averaged 3.7 days in the last 28 patients surviving greater 
than 48 hours in our institution. Pack removal is probably best performed 
when the patient is hemodynamically stable, is ready to be extubated, 
and has normal coagulation parameters. Minimal debridement or further 
hemostatic maneuvers can be performed at the reoperation, althoughi 
neither is required often. It is probably worthwhile to irrigate the perihe- 
patic area vigorously and change all dan placed at the first operation. 

Both Dr. Foster and Dr. Spencer have commented on making an early 
diagnosis of i injury to the retrohepatic vena cava or hepatic veins. In our 
experience, massive venous hemmorhage occurring only with mobili- 
zation of a lobe and such hemorrhage from a deep hepatotomy site 
despite the presence of a Pringle maneuyer remain the two most common 
presentations. On rare occasions, a Babcock or Satinsky clamp may be 
placed around or a Foley balloon catheter into an anterior caval perfo- 
ration after lobar mobilization. More commonly, we have extended our 
midline celiotomy incision into a median sternotomy and mserted an 
atriocaval shunt through the right atrium (Schrock T, Blaisdell FE, Ma- 
thewson C Jr. Management of blunt trauma to the liver and hepatic _ 
veins. Arch Surg 1968; 96: 698-704). While survival has been rare in 
our recent experience (4/21 since 1978), there simply is no other way to 
diminish flow through the hepatic veins or retrohepatic vena cava enough 
to permit suturing extensive or through-and-through perforations so often 
seen with penetrating wounds. We do not pack wounds to these structures. 

Our salvage rate after emergency center thoracotomy for patients with 
abdominal trauma occurring alone or in combination with other injuries 
is 3.8%. While this figure is low, the technique is lifesaving for a small 
subset of young patients with abdominal trauma who would otherwise 
not survive the trip to the operating room for celiotomy and definitive 
control of hemorrhage. 

Prior to closing, [ would like to pay tribute to Dr. Leon Pachter at 
New York University for his many contributions to the field of hepatic 
trauma. His landmark presentation before this Association in 1979 
(Pachter HL et al. Recent concepts in the treatment of hepatic trauma: 
facts and fallacies. Ann Surg 1979; 190:423-429) has helped guide many 
of us through the changes that have occurred in the field of hepatic 
trauma. ' 

I would again like to thank the Association for the honor and privilege 


_ of presenting this material. 
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Four hundred twenty-six patients with esophageal atresia with 
or without tracheoesophageal fistula have been primarily cared 
for at the University of Michigan Medical Center since Cameron 
Haight’s initial experience with this entity. Over the period of 
observation, the incidence of new cases as well as the number 
of associated anomalies has remained constant. The long-term 
survival of these patients has steadily improved over the past 
half-century from 36% in the pre-1950 era to 84% during the 
most recent 20 years. Conversely, operative mortality has shown 
a progressive decline from 56% early in the authors’ series to 
6.9% more recently, despite a steady increase in the proportion 
of high-risk neonates seen at the University of Michigan Medical 
Center during this time span. In the last 9 years, there have been 
no postoperative deaths in group A or B risk infants (36 patients), 
while the rate has been 18.2% in group C risk babies (27 patients); 
almost all of these deaths were due to severe associated anom- 
alies. During the last 10 years, the authors have changed their 
technique of anastomosis from a two- to a one-layer method 
while still advocating a primary repair via an extrapleural ap- 
proach. Although this change has resulted in a modest increase 
in the rate of anastomotic leak (17% vs. 6.2%, p < 0.03), the 
leaks have been small and asymptomatic because of the extra- 
pleural approach and, as a result, have been managed conser- 
vatively without any untoward sequelae. Conversely, there has 
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been a significant decrease in the rate of stricture formation with 
the one-layer anastomosis (4.3% vs. 23.3%, p < 0.002). While 
this may in part be explained by the change in anastomotic tech- 
nique, it is felt that the more aggressive diagnosis and surgical 
management of gastroesophageal reflux (seen in 37.9% of our 
recent group) have contributed greatly to this decrease. The 
steady improvement in survival over this 50-year period, in spite 
of the increasing number of high-risk infants, is attributable to 
major improvements in neonatal care before, during, and after 
operation. 


IFTY YEARS AGO, the first attempt at surgical man- 
agement of esophageal atresia (EA) with tracheo- 
esophageal fistula (TEF) was undertaken at our 

institution. Within a decade, Cameron Haight had re- 
ported the successful outcome of primary esophageal 
anastomosis and fistula division.' With few modifications 
in the surgical approach, great strides have been made in 
more recent decades primarily because of improved an- 
esthetic management, appropriate fluid and antibiotic 
management, and developments in neonatal intensive 
care. Drastic reduction in operative mortality and cor- 
responding improvement in long-term survival have ac- 
companied these advances. 

The earliest description of congenital EA is found in a 
report by Durston from 1670 in one member of conjoined 
(Siamese) twins.” A TEF was not present. The first report 
of the more common form of this anomaly (atresia with 
TEF) is credited to Thomas Gibson in his fifth edition of 
The Anatomy of Humane Bodies Epitomized, published 
in 1697.3 Management by nonsurgical means resulted in 
100% mortality over the next 2.5 centuries. 

A surgical approach to this entity awaited the devel- 
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opment of thoracic surgery as a specific discipline in the 
1920s. In 1936, Lanman first attempted a primary repair 
of EA.‘ The first survivors with the anomaly were reported 
independently by Leven of St. Paul and Ladd of Boston 
in patients admitted on successive days in late 1939.56 
Both cases were managed using a staged approach with 
initial gastrostomy, secondary fistula ligation, or division 
with cervical esophagostomy, followed by the creation of 
an antethoracic skin tube conduit from the esophagos- 
tomy to the gastrostomy. 


The first reported patient with EA at the University of | 


Michigan was seen in 1935 and was managed unsuccess- 
fully with gastrostomy alone. In 1939, Haight first at- 
tempted a primary repair. Following four failed attempts 
at achieving survival with primary repair, little enthusiasm 
was present when the next patient with this disorder was 
transferred to the University of Michigan Hospital in early 


1941. The infant was an “unusually robust” 12-day-old - 


child weighing 8 Ib 4 oz at admission. In this patient, the 
first successful primary repair of EA with TEF was ac- 
complished using a left extrapleural approach and a single- 
layer anastomosis. After operation, the patient developed 
an anastomic leak, which was managed without surgery. 
She later developed a stricture at the anastomosis, which 
responded to a single dilatation. No other complications 
followed, and the child ate and continued to grow nor- 
mally. 

In 1943, Haight revised his procedure to a right extra- 
pleural approach, as he felt that better exposure of the 
distal segment was obtained from this side. He also moved 
to a modified two-layer, “telescoping” anastomosis in the 
hope of decreasing the risk of leak. Many of Haight’s initial 
teachings continue to guide our current management of 
the infant with congenital atresia of the esophagus. 

Our current approach continues to fallow the principles 
of primary repair whenever feasible and the use of an 
extrapleural exposure of the esophagus. In the last 10 
years, we have departed from the use of the classic Haight, 
two-layer, telescoping anastomosis in favor of a single- 
layer method. The various advantages of these points of 
management remain a topic of discussion. 

In this report, we update the experience with EA and 
TEF at the University of Michigan and present trends 
observed over the past half century and a detailed analysis 
of our more recent results in an attempt to address current 
controversies in management. 


Materials and Methods 


From March 1935 to September 1985, a total of 428 
patients with EA and/or TEF were admitted to the Uni- 
versity of Michigan Medical Center. Patients initially op- 


«rated on at other institutions have been excluded. Earlier 


reviews of our experience were presented by Haight in 
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1943,! 1957,7 and 1966,8 and by Strodel et al. in 1979.° 
To update the series, we reviewed all charts of patients 
admitted from January 1977 through September 1985 
with a diagnosis of EA and/or TEF. The information ob- 
tained was compared with data from the previous reviews. 

All cases were classified into anatomic type of anomaly 
based on both the criteria described by Haight (groups A 
to G, plus H-type TEF)® and the more condensed clas- 
sification of Gross (groups A to E).'° Infants were also 
assigned to risk groups A, B, or C, as described by Wa- 
terston et al.'!!?; group A—birth weight greater than 2500 
g and otherwise well; group B—birth weight 2000-2500 
g and well or higher weight with moderate associated 
anomalies; group C—birth weight less than 2000 g or 
higher with severe associated anomalies. A severe anomaly 
was defined as one that required operative intervention 
or intensive care management to sustain life. Pneumonia 
was omitted from consideration in the Waterston classi- 
fication as suggested by Louhimo and Lindahl’? and is 
discussed more thoroughly below. 

Patient survival for determination of operative mor- 
tality was defined as a feeding child who was discharged 
from the hospital regardless of duration of stay following 
operation. Overall survival data include analysis of all 
cases in which the anomaly was diagnosed regardless of 
whether the patients were operated on. 


Results 


Sixty-three new cases of EA with or without TEF were 
seen at the University of Michigan, C. S. Mott Children’s 
Hospital, since our series was last compiled in 1976. The 
year-to-year incidence of cases has varied somewhat, but 
over the course of the last 50 years a fairly constant rate 
of eight to nine mew cases per year has been observed. An 
incidence rate of 1 in 4500 births has been estimated based 
on early data fram our series. 

Table | shows the distribution of patients by Waterston 
risk class over the last 2 decades. Overall survival data are 
also given. 

Figure | displays the anatomic type of anomaly based 
on both the Haight and Gross classifications. Currently, 
we find that the more simplified scheme of Gross mini- 
mizes confusion. A proximal blind pouch with distal TEF 
remains by far the most common form. No patient with 
a distal pouch and proximal fistula has been seen at this 
institution. 


Associated Anomalies 


The proportion of patients with associated congenital 
anomalies has not changed significantly over the period 
of observation (Table 2). Cardiovascular and gastrointes- 
tinal malformations are the most frequently seen major 
anomalies, while skeletal and limb defects are the most 
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“TABLE 1. Risk Groups 


1966-1976 


1977-1985 
Waterston % % 
Group No Survival. N Survival 
A 35 97 30 100 
B 20 95 6 83.3 
C 22 59 27 63 
Total 77 86 63 82.5 


common minor types seen. The constellation of defects 
referred to as the “VATER” or “VACTERL” syn- 
drome!*!> was seen in 17.5% (11/63) of patients in the 
most recent group reviewed. The presence of three or more 
anomalies was used as the criterion for this designation. 

The most frequent cardiovascular anomalies encoun- 
tered included patent ductus arteriosus and ventricular 
or atrial septal defects. One case each of tetralogy of Fallot, 
common atrio-ventricular canal, total anomalous pul- 
_ monary venous return, and single ventricle were seen. 
The most frequently encountered gastrointestinal mal- 
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Fic. 1. Classification and incidence of anatomic variants of EA and TEF., 
Both the Haight and Gross schemes are demonstrated. 
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TABLE 2. Severe Associated Anomalies 


1935-1966 1966-1976 1976-1985 
Cardiovascular 44 12 10 
Gastrointestinal 31 8 10 
Neurological 9 l 2 
Genitourinary 4 Í 1 
Orthopedic 0 0 0 
Other 3 l 1 
Total 91 23 22 
Per cent 31.6% 27.3% 34.0% 


formations were imperforate anus, duodenal atresia (with 
or without annular pancreas), and pyloric stenosis. 


Operative Management 


Primary repair of the esophagus was performed in 
90.3% (371/411) of patients for the entire series. In the 
overall series, a staged approach was used in 9.7% (40/ 
411). In the most current group, three patients underwent 
a staged approach. In one infant, this was chosen because 
of the high-risk status of the baby. In the other two, it was 
not possible to perform a primary anastomosis because 
of the great distance between proximal and distal seg- 
ments. These two patients later underwent esophageal 
substitution with colon or stomach. In 14 patients overall 
(5 in the last 9 years), no repair was attempted because 
of the severity of additional defects and their associated 
grave prognoses. These patients were palliated with gas- 
trostomy and sump suction of the proximal pouch to de- 
crease the risk of pulmonary complications. 

A classic Haight two-layer, telescoping anastomosis was 
performed in 87.5% (358/411) of the entire series. Since 
the time of the most recent review, however, a change 
was made to a single-layer technique that appears to have 
gained preference worldwide. Therefore, while a two-layer 
repair was performed on 98% of patients prior to 1977, 
this has been used in only 17% (9/53) of cases since that 
time (all of these were from the earlier years of this update). 

Cases of H-type fistulas (without EA) were considered 
as a separate management group. Simple division of the 
fistula was accomplished without complication in all cases 
either via a thoracotomy or cervical approach (the cervical 
approach was used exclusively in the recent group). 

In the group from 1977 to the present, the median 
length of hospitalization for survivors was 24 days, with 
a range of 9-174 days. 


Survival 


In our most recent group of 63 patients, the overall 
survival was 82.5% (52/63). Five of these patients wer@ 
not operated on because of severe associated anomalies. 
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Survival rates by Waterston risk class are given in Table 
1. Four deaths occurred in the immediate postoperative 


4, period for an operative mortality rate of 6.9%. As seen in 
_ Figure 2, this continues the trend of decline in operative 
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mortality we have seen in the past 50 years. Of the op- 
erative deaths, two were related to the esophageal anas- 
tomosis and two died of complications related to severe 
underlying congenital anomalies. Late deaths occurred in 
two patients, both resulting from pulmonary complica- 
tions that developed at times remote from the operative 
period. 


Complications 


Accurate data concerning complication rates have been 
compiled only during the past 30 years. For that reason, 
our analysis of complications deals only with patients 
treated from 1956 to the present. | 

During the most recent 30-year period (1956-1985), 
the incidence of anastomotic leak was 8.5% (19/224). As 
seen in Table 3, the rate was 17% for those undergoing a 
single-layer repair and 6.2% for those treated with the 
classic two-layer telescoping anastomosis. In all cases, the 
leak remained in the extrapleural space and was almost 


always asymptomatic. Ninety-five per cent were treated | 


conservatively with spontaneous resolution. One patient 
had complete disruption of the anastomosis (which was 
performed under tension despite upper pouch myotomy) 
and underwent cervical esophagostomy, followed later by 
colon interposition. Two patients who developed anas- 
tomotic leaks died in the postoperative period, both sec- 
ondary to recurrent aspiration and resistant pneumonia. 

During the period 1956-1985, the incidence of recur- 
rent fistula was 6.3% (14/224). There was no significant 
difference between the one- and two-layer anastomosis 
groups (see Table 3). 

As mentioned in a previous review of this series,’ the 
incidence of anastomotic stricture was difficult to establish 
precisely because most patients in the earlier years un- 
derwent routine postoperative esophageal “sounding.” For 
purposes of comparison, anastomotic strictures have been 
defined as those requiring more than two dilatations. 
During the past 30 years,.the incidence of stricture has 
been 19% (43/224). There was a significant difference in 
stricture rate between those undergoing one- versus two- 

-layer repair (4.3 ys. 23.2%, see Table 3). All strictures 
responded to esophageal dilatation. 

As noted by several investigators, '©'* gastroesophageal 
reflux (GER) is now recognized as a significant postop- 
erative problem in patients undergoing repair of EA. The 
rate of GER was not documented in prior reports of this 
series. In our present update, the incidence of symptomatic 
GER is 37.9% (22/58). Seventy-seven per cent of these 


22 patients have undergone fundoplication at a median 


age of 4 months. 
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Fic, 2. Trends in OPETANYE mortality and late survival over the 50-year 
period. 
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In the recent group, less frequently occurring compli- 
cations include tracheomalacia in 10.3% (6/58), three of 
whom required aortopexy, and esophageal foreign body 
impaction in 12.1% (7/58). — 


Discussion 


A review of the University of Michigan’s experience 
with repair of esophageal atresia and tracheoesophageal 
fistula over the past 50 years has led to several interesting 
observations. 

Changing referral patterns in our region have led to an 
increased proportion of neonates with severe associated 
congenital anomalies or significant prematurity under- 
going treatment at this institution. In the most recent de- 
cade, we have seen more Waterston group C patients than 
were seen in. the previous decade (41% vs. 26%). In spite 
of this, operative mortality has continued to decline in 
recent years. Continued advances in the perioperative in- 
tensive care management of high-risk neonates account 
for much of this decrease in operative mortality. 

In agreement with Louhimo and Lindhal,'? we have 


TABLE 3. Comptications Versus Type of Anastomosis: 1956-1985 
Type of Repair Leak Stricture Recurrence © 
One-layer 
(N = 47) 8 (17.0%) 2 (4.3%) 3 (6.4%) 
Two-layer 
(N = 177) 11 (6.2%) 41 (23.2%) 11 (6.2%) 
(p < 0.03) (p < 0.002) 
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Fic. 3. The management of EA and TEF. Upper lefi. Lateral roentgen- 
ogram. Small arrows indicate air pouchogram. Arrowhead indicates air 
in distal esophagus. Open arrow indicates air in stomach confirming 
fistula. Upper right. Contrast pouchogram (recommended in all cases). 
Lower left. Sump suction of upper pouch, tube gastrostomy, and upright 
posture as initial therapeutic interventions. Lower right. Division of fistula 
and esophageal anastomosis via extrapleural approach. 


eliminated pneumonia as a parameter for determining 
the Waterston risk category. They emphasized that pneu- 
monia was more a complication of management rather 
than of the underlying anomaly. In fact, in no case did 
preoperative pneumonia or respiratory distress syndrome 
affect the classification or outcome in our present group. 
Our basic scheme for perioperative management (from 
diagnosis to repair) has not changed significantly since 
this series was last reviewed and is summarized in Figure 
3. We continue to stress the importance of urgent gas- 
trostomy tube placement for decompression (performed 
in 95% of patients in our recent group). This allows fistula 
division and repair of the EA to be performed on an elec- 
tive basis after further preoperative preparation and eval- 
uation for associated anomalies has been accomplished. 
It also allows for early enteral feeding after the repair. 
While we have always attempted to perform a primary 
repair in the patient with congenital EA, some surgeons 
prefer routinely to approach certain neonates in a staged 
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fashion. We have found this to be necessary only rarely 
and in very selected infants. Factors that should influence 
one’s decision in favor of a staged approach have been 
emphasized by others!?”° and include: (1) prematurity; 
(2) established pneumonia; (3) severe associated anoma- 
lies; (4) widely separated proximal and distal segments, 
precluding anastomosis; and (5) deterioration of the pa- 
tient in the operating room. Most recent studies have 
found that with current intensive care management, pri- 
mary repair in the high-risk infant carries no more mor- 
bidity or mortality, and probably less, than a staged ap- 
proach. A recent review by Hicks and Mansfield! in which 
all high-risk infants were routinely staged showed an op- 
erative mortality of 27% and overall survival of 45%. 
Comparable figures in our most current group are 18.2% 
and 63% for Waterston group C risk patients undergoing 
primary repairs. 

The choice between a retropleural and transpleural op- 
erative approach has become a matter of debate. The 1964 
survey of the Surgical Section of the American Academy 
of Pediatrics reported by Holder et al.” showed that in 
patients who developed anastomotic leaks, survival was 
better for those who had undergone retropleural dissection 
(60% vs. 32%). Even excluding those who developed leaks, 
they found improved survival with a retropleural ap- 
proach. Other authors have echoed this preference, em- 
phasizing the greater margin of safety afforded by the ret- 
ropleural technique, particularly in cases in which a leak 
develops (10-20% of most series).?”°7? Two recent series, 
however, note that the choice of exposure did not affect 
overall mortality.'*?! With a retropleural approach, the 
leak becomes an easily managed esophagocutaneous fis- 
tula, which in most instances closes spontaneously (95% 
in our series), whereas, if a transpleural approach has been 
used, a leak becomes a potentially life-threatening em- 
pyema, which often requires operative management. 

The type of anastomosis used for the esophageal repair 
has undergone a transition over the past 25 years. While 
Haight used a single-layer technique in his earliest cases, 
he soon adopted his classic two-layer, telescoping method. 
In the 1964 survey of Holder et al., nearly half of those 
polled used a single-layer technique. Their report noted 
a significantly higher leak rate but a lower incidence of 
stricture with a single-layer repair. More recently, Hicks 
and Mansfield?! found a 17 and 18% leak rate with one- 
and two-layer anastomoses, respectively, while they re- 
ported strictures three times more often with a two-layer 
repair. Louhimo and Lindahl’ noted a similar incidence 
of leak with the two types of anastomoses, but no differ- 
ence in the stricture rate when all patients underwent rou- 
tine postoperative dilatation. They favor the single-layer 
technique, however, because it requires less distal mobi- 
lization (thus preserving the vascular supply to this sege 
ment). a point they feel to be important in decreasing the 
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occurrence of all anastomotic complications. We have 
also adopted a single-layer technique since our series was 
last reviewed. The comparison of results with a one- versus 
two-layer anastomosis in our series over the most recent 
30 years is not without bias, as it examines two historically 
different populations. We found that the rate of anasto- 
motic leaks is significantly higher with the more recently 
adopted single-layer repair (17% vs. 6.2%). Our previous 
rate with the two-layer repair, however, was markedly 
lower than that reported in most other series. 

Our experience over the past 30 years shows that sig- 
nificantly fewer strictures occurred with the single-layer 
technique. Part of this may be explained by inherent dif- 
ferences in the anastomoses; however, other factors may 
be involved. A strong association between gastroesopha- 
geal reflux and persistent stricture was pointed out by Pi- 
eretti et al.,!® and the importance of early recognition and 


management of reflux in these patients was further em- ` 


phasized by Ashcraft et al.!° In fact, three of the four pa- 
tients with significant strictures seen at our institution in 
the last 9 years had reflux. That gastroesophageal reflux 
is common in infants following repair of EA is emphasized 
by the incidence seen in our most current group (37.9%). 
A long-term follow-up study of patients at this institution 
showed moderate to severe reflux in over half of those 
studied and significant dysmotility in nearly all an average 
of 15 years following operation.'’ Our tendency toward 
more aggressive management of postoperative gastro- 
esophageal reflux over the past decade is evidenced by 
the 77% fundoplication rate for symptomatic reflux. This 
has undoubtedly contributed to our decreased incidence 
of stricture formation. 

Important to the changing economic environment in 
which we now practice is the fact that the median length 
of hospitalization has continued to decrease. This is, in 
part, due to more intensive parenteral nutritional support 
during the perioperative period, in addition to all the other 
improvements in neonatal care. Interestingly, Haight’s 
first successful patient remained hospitalized for 20 
months following operation, apparently much of this time 
to receive enteral nutritional support. 

In summary, in the last half century, we have seen con- 
genital esophageal atresia transformed from an anomaly 
with 100% mortality to one with an expected survival 
exceeding 80%. This has largely come about through ad- 
vances in both the operative and, more important, the 
perioperative management of the high-risk neonate. A 
plateau has probably been reached so that further im- 
provement in the outcome of these infants will primarily 
depend on improvement in management of the other se- 
vere anomalies that may occur simultaneously. 
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DISCUSSION 


Dr. THOMAS M. HOLDER (Kansas City, Missouri): 1 enjoyed very 
much this paper and extensive experience from an institution that really 
instituted modern care for esophageal atresia and tracheoesophageal fis- 
tula. Prior to Dr. Haight’s primary repair, these children spenat months 
and sometimes even years in the hospital with multiple stage procedures. 
I would like to reinforce many of the things Dr. Coran has said. 

(Slide) Our approach has developed over the past few years. much as 
his has. The healthy baby is repaired primarily. We, as he, use the retro- 
pleural approach and do a gastrostomy. The patient who has pulmonary 
difficulties is treated during the period of time after a gastrostomy. It 
usually takes no more than 2 or 3 days to get the pulmonary probiems 
under control and then do a delayed primary repair. 

The real problems in the patients he mentioned were that they were 
very small or had major associated anomalies. Our approach to this has 
been a gastrostomy and insertion of a simple line for nutrition as the 
initial approach. We learned years ago when we staged patients that the 
baby could be held at this point for days or weeks if necessary. We, like 
Dr. Coran, have not used the staged approach much in recent years. 
Once a patient can be stabilized, then the most urgent problem can be 
approached. Oftentimes, that is not the esophageal atresia. 

(Slide) This is an x-ray of such a patient. This baby was admitted on 
the first day of life with a previous diagnosis of esophageal atresia, intensely 
cyanotic, with a PAO, in the low °20s. Cardiac catheterization revealed 
severe tetralogy. We went ahead with a right shunt on this patient the 
day of admission, using the nght side, because we wanted to keep the 
side opposite the arch (this child had a right arch) for a retropleural 
approach to repair the atresia through the left chest; thus, we did a shunt 
on the right side. We did a Waterson—this was several years ago; today, 
we would use a jump graft from the subclavian to the pulmonary artery. 
A week later we repaired the esophageal atresia, the idea being tc take 
care of the most urgent problem first. The esophageal atresia 1s not nec- 
essarily that problem. 

(Slide) We have had experience with 100 consecutive patients over 
about 12 years, and we have had pretty much the same experience as 
the Michigan group has had. A significant number of them die because 
of their associated anomalies before they can be repaired. The risk from 
the repair is low—in this instance three patients out of the 100. There 
were two patients who died over a month following repair of associated 
anomalies. 

(Slide) That is not the whole picture. Many of these children die in 
Group C later on because of associated anomalies. The overall iong- 
term mortality was a total of 16 patients; 12 of those were due to associated 
anomalies and only four from esophageal atresia. 


Dr. JAY L. GROSFELD (Indianapolis, Indiana): Dr. Coran’s report re- 
flects the general survival of babies with TE-fistula in the current era. 
The development of contemporary, highly sophisticated neonatal inten- 
sive care facilities and pediatric anesthesia has certainly played a role in 
helping this survival along. 

Most major pediatric surgical institutions today have an operative 
mortality of less than 5% and an overall survival of greater than 80-85%, 
as reflected by the recent Ann Arbor experience. 

This report raises a number of questions. A certain number of babies 
were not operated on because of their severe condition. | wonder whether 
come of these babies had chromosomal abnormalities? We have treated 
a number of patients with trisomy 16-18 and 13-15 who have not been 
operated on, especially when they have had multiple anomalies. In ad- 
dition, how many patients had the Vater association? This acronym for 


a concurrence of disorders of a nongenetic basis, where anal, vertebral, 


heart, renal, and radial limb anomalies may all be present in the same 
baby in addition to esophageal atresia and tracheoesophageal (TE)-fistula. 
Ir our series, Vater patients constitute more than 15% of the total cases, 
and surprisingly their survival is quite good. 

I would like to spend a moment discussing some technical problems. 
In this report the leak rate was over 6%, and this has not changed despite 
changing the type of anastomosis. We too perform a one-layer anasto- 
mesis; however, we have had only one leak in the last 14 years. The leak 
rate has been diminished by placing some mediastinal pleura over the 
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tracheal suture line to separate the esophageal suture line from this area. 
Almost all recurrent TE-fistulas occur in patients who have had leaks, 
which is probably related to erosion through the tracheal suture line. 

The incidence of tracheomalacia in the Ann Arbor group was 10%, 
which seems somewhat high. In three cases, Dr. Coran mentioned that 
aortopexy corrected the situation. What about the others? Į believe the 
tracheomalacia that occurs after operation may be a technical problem 
and is due to a weakness in the tracheal wall at or above the TEF site, 
following mobilization of the proximal esophageal pouch, which has to 
be done in a very precise and meticulous way to avoid injury to the often 
adherent wall between the upper trachea and esophagus. Weakening or 
inadvertent entry of this area may result in tracheomalacia. | wonder if 
Dr. Coran’s cases had inadvertent entry above the TEF site? 

Gastroesophageal (GE) reflux is another major problem and occurred 
in 37% of Dr. Coran’s babies, of whom 77% underwent fundoplication 
by the age of 4 months. The incidence of GE reflux 1s certainly more 
than 50% in our cases, but fundoplication has been needed in only 20%. 

The patient with Type A or proximal esophageal atresia without a TE 
fistula and a large gap between the two ends of the esophagus is still a 
clinical problem for most pediatric surgeons. Did the Michigan group 
stretch the pouch by dilating these patients? Have they used esophago- 
myotomy? All of our patients who have had large gap primary repairs 
with either dilatation or myotomy techniques have severe GE-reflux and 
have required fundoplication, We know that TE-fistula patients have 
abnormal esophageal motility. Is motility further affected by fundopli- 
cation? If they have tertiary waves, i$ fundoplication obstructive in some 
of these babies? What effect does esophagomyotomy have on esophageal 
motility? 


Dr. ARNOLD G. CORAN (Closing discussion): Dr. Holder confirmed 
several of the points I made during the talk with his own series from 
Kansas. I think the point he made that should be re-emphasized is that 
esophageal atresia is not really an emergency any more. When the baby 
comes in, the emergency is to get the stomach decompressed if he has a 
fistula, and that should be done within 6-12 hours of admission to the 
hospital. At that point one has a stable patient with a suction catheter 
in the upper pouch, and one can proceed to evaluate the baby properly. 
That means a thorough evaluation by the pediatric cardiologist for as- 
sociated severe cardiac anomalies. The repair can then be done in several 
days or even weeks. All of us have had the experience of having a baby 
with a classical Gross Type C esophageal atresia and tracheoesophageal 
fistula sit in the neonatal intensive care unit with a gastrostomy and a 
sump suction catheter for several weeks before being ready for repair. 
This allows us to eliminate the old staged approach and to use a fresh 
extrapleural space to do our primary repair and division of the fistula. 

in terms of Dr. Grosfeld’s comments and questions, almost all of the 
nonoperative cases had lethal chromosomal anomalies, trisome 13-15 
and 17-18, where we know the survival, no matter what is done, is 
somewhere around 6 months to a year. In those cases, we elected not to 
do anything. 

With regard to the Vater syndrome, more recently described as the 
Vacterl syndrome, our experience is the same as yours. They have very 
good survival. We have operated on all of them. Although they have 
many anomalies that have to be corrected, they are all correctable. 

The leak rate requires a definition. We define a leak as anything that 
was seen by the radiologist on the postoperative hypaque and subsequent 
barium swallow, which we routinely do on the ninth postoperative day. 
Sometimes we see at the anastomosis a tiny little leak, and that is defined 
in the radiologist’s report as a leak. It probably is a contained form of a 
leak but probably is clinically insignificant. That is what was defined as 
4 leak in this series. When we see that, we leave the baby on hyperali- 
mentation or maybe just gastrostomy feedings for a week and repeat the 
study, at which point the leak is usually gone. 

We do not place mediastinal pleura routinely over the suture lines 
because so little pleura is available. We have used a technique we recently 
described in the Journal of Pediatric Surgery for recurrent fistulas, o! 
mobilizing a flap of pericardium to cover both suture lines. This is ¢ 
very effective way to deal with a recurrent fistula or a leak. 

The cause of tracheomalacia is not understood. I do not think tha 
anyone knows what causes tracheomalacia after esophageal atresia repair 
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| think it is related to the dissection of the upper pouch, not to entrance . 


into the trachea or esophagus. In none of the six cases we described was 
there any entry into the upper pouch or the trachea. 

GE reflux is a big problem, and I would bet that if we carefully studied 
all the babies with pH monitoring, most of them would have GE reflux. 

That relates to the question about the managemert of the pure atresia. 
Our approach to that, today, is to put a gastrostomy into the diminutive 
stomach within the first 24 hours of life and then wait 3 weeks for the 
esophagus to elongate, thus decreasing the gap between the two ends. 
We go through the maneuvers of passing the Hurst-Maloney dilators 
into the upper pouch on a daily basis. That makes us feel good; I do not 
think that it does anything for the baby or the esophagus. At 3 weeks, if 
the baby is stable, we do an extrapleural thoracotomy primary anasto- 
mosis. We do whatever it takes to accomplish that, because I am still 
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convinced that having some kind of esophagus there is far better than 
abandoning the esophagus and creating a cervical esophagostomy, and 
then having to replace the esophagus at 6 months or a year of age with 
either colon or stomach, whatever you happen to prefer. That means 
we will do one or two myotomies. We mobilize the distal segment of 
esophagus all the way down to the hiatus through the right chest; we will 
even open the hiatus to bring some of the stomach up into the chest to 
get that primary anastomosis. I think, as a result, that you always end 
up in that group with GE reflux. 

As for esophageal motility, I think all of us recognize that the motility 
in all these babies is abnormal. It was described many years ago in a 
paper from Boston Children’s Hospital as a yo-yo type esophagus. Because 
of that abnormality, the fundoplication should not be too tight or you 
will end up with esophageal obstruction. 
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A Thousand Operations for Ulcer Disease 
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CLAUDE E. WELCH, M.D. GRANT V. RODKEY, M.D. 


A retrospective study of 1068 patients who had operations for 
peptic ulcer disease in the 12-year period from January L, 1974, 
to January 1, 1986, permits these conclusions: (1) The number 
of patients admitted to the Massachusetts General Hospital 
(MGH) has declined steadily in the years of this study—-1974- 
1986. The average number of patients admitted with a diagnosis 
of peptic ulcer disease in precimetidine years—1974, 1975, and 
1976—and in recent years—1982, 1983, and 1984—shows a 
decline of 39.3% in admissions. In the same periods, the average 
number of operations per year has declined from 92 in preci- 
metidine years to an average of 71 (16.5%) recently. The decline 
has been greatest in patients operated on electively for ducdenal 
ulcer. Operations for massive hemorrhage and acute perforations 
and the number of deaths have remained nearly constant. (2) 
The overall mortality rate was 10.3%. The mortality following 
elective operations for pain was 0.5%; for urgent operations, in- 
cluding those for obstruction, 4.5%, and for bleeding other than 
massive, 7.5%; and for emergency operations, including those 
for acute perforation, 20.9%, and for massive hemorrhage, 22.1%. 
The main causes of death were organ failure (most commonly 
of the lungs) and sepsis. (3) Early complications were documented 
345 times and were followed by reoperation in 84 cases, or 7.4% 
of the total. (4) Delayed stomal function was noted in 63 cases 
and required reoperation in 14. It was most common after Roux 
anastomoses and required operative intervention most commonly 
after gastric resection, Billroth I (GRBI). Delay was three times 
as common when vagotomy (V) was added to GR. (5) Early post- 
operative hemorrhage was a serious complication when it oc- 
curred after operations for acute perforations or massive hem- 
orrhage. The incidence was 3.7% after suture of a perforation; 
after operations for acute massive hemorrhage, it was 4.3% after 
pyloroplasty and vagotomy, with or without arterial ligation 
{[PV(L)], and 0.3% after GR, with or without arterial ligation 
{GR(L)}. (6) Late complications led to reoperation in 66 cases 
(6.2%). The most important were recurrent ulceration and al- 
kaline gastritis. (7) Recurrence rates after a minimum follow-up 
of 5 years (based on survivors of initial procedures and a second 
operation, both in the MGH) were 20.5% after suture of a per- 
foration, 6.2% after PV, 2.3% after GRBH, and 0.4% after 
GRVBII. These figures are lower than expected; incomplete fol- 
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low-up and improved medical care are factors. (8) The favored 
elective operation for duodenal, gastric, and anastomotic ulcer 
disease in this hospital in the past 12 years has been GRV, 
chiefly because of the low recurrence rate and the wide dispersal 
of patients. (9) Acute perforations in good risk patients preferably 
are treated by GR, with or without V[GR(V)}, regardless of age, 
provided that operative conditions are favorable. Bad risks, unless 
the perforation is too large to close other than by resection, or 
if it is associated with hemorrhage, a posterior ulcer, or obstruc- 
tion, usually are treated by suture or closure with an omental 
patch. (10) Patients with acute massive hemorrhage preferably 
are treated by GR(V), regardless of age, provided that operating 
conditions are satisfactory. When the ulcer is in the duodenum, 
even though control of bleeding is not as effective by PVL as 
with GR(V), unsatisfactory operating conditions will make PVL 
preferable. (11) Catheter duodenostomy, used in 10.5% of GRBII 
operations, essentially has eliminated problems with the duodenal 
stump. (12) The treatment of alkaline gastritis by Roux anas- 
tomoses has been satisfactory in about half of the cases in which 
it has been used. It is suggested that gastric motility problems 
have been placed in this same category and should be isolated 
as a syndrome; total gastrectomy may be helpful in some of 
these cases. 


PERATIONS FOR peptic ulcer disease have be- 
come less frequent in the past decade. However 
they are not uncommon, and the overall post 

operative mortality rate of over 10% is proof that the sur 
gical problems posed by these patients deserve careful at 
tention. 

This retrospective study is based on 1068 consecutive 
patients who had these procedures in a large municipa 
hospital in which a wide spectrum of individuals is treated 
They either had their original operation in the Massachu 
setts General Hospital (MGH) or were referred from an 
other hospital after an operation for ulcer disease had bee’ 
done there for treatment of a complication in the MGF 
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The study includes three periods. (1) prior to the intro- 
duction of cimetidine (January 1, 1974—-December 31, 

1976), (2) the years of the introduction of H2 blockers 
(1977-1980), and (3) the period in which nearly all pa- 
tients have received one of these drugs (1981-January 1, 


1986). All records were reviewed in detail, except in ap-. 


proximately 3% of cases when the full record was not 
available and data were obtained from computer printouts 
and morbidity and mortality reports (Table 1). 

The original diagnoses in these patients were placed in 
several categories—duodenal, gastric, pyloric, or anasto- 
motic ulcers, or gastritis. Duodenal ulcers or deformities 
were present in about 10% of patients with gastric ulcers; 
they were classified as duodenal ulcers, since their clinical 
course is similar to that of duodenal ulcer. To simplify 
the charts, pyloric ulcers and gastritis have been included 
with gastric ulcers. The discharge diagnosis was accepted 
as the final one, although it must be recognized that ra- 
diologic, endoscopic, and pathologic diagnoses did not 
always agree. 


Changes in the Pattern of Ulcer Disease 


The total number of hospital admissions for peptic ulcer 
disease has decreased by nearly 40% in the past 12 years 
(Tables 1-3). The decline has been noted in admissions 
both for gastric and for duodenal ulcer. However the per- 
centage of patients requiring surgery has increased from 
18.3% in the precimetidine years to 22% in 1982-1984. 

Meanwhile the total number of operations for peptic 
ulcer disease has declined between 15 arid 20% in this 12- 
year period (Fig: 1). Clinical observations indicated that 
the disease of duodenal ulcer was becoining less virulent 
even before the introduction of cimetidine.’ Nevertheless, 
- the decline in the number of duodenal ulcers that require 
operation was accentuated by the use of. cimetidine and 


TABLE 1. Peptic Ulcer Disease (Number of Patients) 


Total l 
Year Admissions Operations (%) 
1974 513 99 (19.3) 
1975 485 82 (16.9) 
1976 514 95 (18.4) 
1977 401 118 (29.4) 
1978 356 85 (23.9) 
1979 226* 98 (43.3)* 
1980 314 100 (31.8) 
1981 356 89 (24.1) 
1982 369 89 (24.2) 
1983 310 74 (23.9) 
1984 239 69 (28.9) 
1985 —t 70 — 
Total 4083 1068 (24.4)t 


#1979 data include only 90% of total admissions. 
t 1985 data on total admissions excluded. 
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TABLE 2. Operations, Deaths, Ulcer Locations, Operative Indications 


Total ies 
Patents Died (%) 
Total surgical patients 1068 110 (10.3) 
Operations 
Original 1068 104 (8.7) 
For late complications 66 6 (9.1) 
Total operations l 1134 119 (9.7) 
Location of ulcer (original) 
Duodenal | 599 64 (10.7) 
Pyloric 62 8 (12.9) 
Gastric 266 33 (12.4) 
Anastomotic 55 4 (7.3) | 
Gastritis 47 1 (2.1) 
Incomplete record 39 0 
Indications for operation 
Pain 371 2 (0.6) 
Hemorrhage, massive 240 53 (22.1) 
Hemorrhage, other 133 10 (7.5) 
Perforation 19] 40 (20.9) 


Obstruction 133 6 (4.5) 


still continues. On the other hand, the number of oper- 
ations for gastric ulcers (including pyloric ulcers and gas- 


tritis) has fallen, but to a much lesser degree. 


The number of patients requiring operation for the Se- 
vere complications of massive hemotrhage and perfora- 
tion actually has increased slightly in recent years. There 
also has been little change in the. number of deaths; this ` 
suggests that the number of poor-risk patients who require 
operation has increaséd during the study period. 
(Figs. 1-3). 

Operations for ulcer disease may be divided into those 
done eléctively (defined roughly as those for which the 
main indication is pain), urgently (for obstruction or rẹ- 


TABLE 3. Peptic Ulcer Disease, Comparison bieen Precimetidine 
and Recent Years (Average Number of Cases per Year) 


Precimetidine Recent 
(1974-1976) (1982-1984) % Change 
Number of patients l : 
Total admissions 504 306 —39.3 
Surgical cases 91 76 —16.5 
Location , i 
Duodenal 55 44 —20.0 
Gastric ` 31 27 —12.9 
Anastomotic e S 5 d 
Indications | 
Hemorrhage-—all cases 27 29 +7.4 
(Massive) >- (19) (21) (+10.5) 
(Other) (8) (8) (0) 
Acute perforation 15 17 +13.3 
Obstruction 11 10 —9.] 
in—all cases 37 24 —35.i 
(Duodenal! ulcer) (18) (11) (—38.9) 
(Gastric ulcer) (19) (13) (—31.6) 
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Fig. 1. Peptic ulcer, Total hospital admissions, surgical cases, and surgical 
deaths 1974-1985. (Note the difference in the ordinates of admissions 
and surgical cases.) 


peated or continuing bleeding that is not massive), and 
those done as emergencies (for severe hemorrhage or acute 
perforation). The decline in the total number of operations 
has been due chiefly to the number of patients operated 
on electively for duodenal ulcer; on average, 18 cases per 
year were operated on from 1974 to 1976, compared with 
11 from 1982 to 1984 (Tables 1-3, Figs. 1-4). 


Surgical Procedures 
Elective Surgical Procedures 


The most frequently used elective operations were gas- 
tric resection (GR) with or without vagotomy. (V). (All 
abbreviations used henceforth in the article are listed in 
Table 4.) As elective procedures, GEV and PGV were 
much less common. 

GR, when done without V, usually referred to removal 
of two thirds of the stomach. When V was added, the 
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Fic. 2. Number of surgical cases by years 1974-1985. DU = duodenal 
ulcers, GU = gastric ulcers (includes pyloric channel ulcers and gastritis), 
AU = anastomotic ulcers. 
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Fic. 3. Indications for operation by years 1974-1985. 


resection usually was an antrectomy or hemigastrectomy; 
they were considered to be synonymous. After resections, 
gastrointestinal continuity was re-established by a BI, BII, 
or Roux anastomosis. The Tanner-19 operation was con- 
sidered to be essentially the same as a Roux. Although 
the choice of procedure was made by the individual sur- 
geon, some general rules were followed. For duodenal ul- 
cers, GRBI was not considered to be advisable unless va- 
gotomy was added. GRVBI was considered to be superior 
to GRVBII when the condition of the duodenum per- 
mitted, since the duodenum would be left in circuit. 
However, GRVBII has been more common, particularly 
when there was severe deformity of the duodenum. For 
gastric ulcers located on the mid-lesser curvature, a 
GRVBI was considered to be satisfactory; however, if the 
ulcer was in the prepyloric area or pyloric channel or was 
associated with gastritis or a duodenal ulcer or deformity, 
V usually was added. 

V, unless otherwise specified, referred to bilateral trun- 
cal V. As a secondary procedure, a transthoracic approach 
often has been used for anastomotic ulcers. Selective V 
rarely was done. PGV either was used alone or, at times, 
with other operations such as hiatus hernia repair. 
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Fic. 4. Indications for operation (1982, 1983, and 1984). 
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Urgent Operations 


; This category, except for a few cases with severe pain, 

was limited to those patients with gastric outlet obstruction 
or hemorrhage that was either intermittent or continuing, 
- but not massive. 


Emergency Operations 


These patients had either acute severe hemorrhage or 
acute perforation. They usually were extremely sick and 
had one of these complications when they already were 
deathly ill from some other disease or operation. The 
mortality rdte rose in this group to approximately 20%. 
Controversies exist concerning the chaice of operations 
in these patients; a comparison of the methods will be 

made subsequently. 


Operations for Complications 

Complications were classified either as perioperative 
(occurring at the time of the operation), early (occurring 
during the original admission or within 2 months after 
discharge), or late. In the entire study complications fol- 
lowed operation in nearly a thitd of the cases. A secondary 
operation was required in 84 (7.4%) in the early postop- 
erative phase and in 66 (5.8%) at a later date (T able 5). 

Perioperative. complications. Iatrogenic complicatioris 
occurring at the time of operation included damage to 


the spleen, esophageal petforations, and damage to the . 


common bile duct. ° . 
Splenectoniy was done in 21 instances; in 19 of these 
, it was iatrogenic and nearly always occurred during 
Wace ont: Three deaths occurred after splenectomy; only 
- one of them could be ascribed to the splenectomy. This 
patient required a total gastrectomy for massive bleeding; 
he died of a pulmonary embolus. 

Esophageal perforation occurred twice; in one case it 
was recognized and sutured immediately. In the other 
case a sécondary operation was done on the following 
day. Both patients survived. 

The common duct was divided once during 4 gastrec- 
tomy. An immediate end-to-end anastomosis was done. 
A secondary stricture occurred, and a choledochojeju- 
nostomiy was done 3 years later. 

Early postoperative complications. They were noted in 
345 instances but actually should have been somewhat 
higher since some records could not be reviewed in detail. 
Reopérations were necessary in 84 cases. The following 
complications were most serious. 

Organ failure. The lung or the heart failed occasionally 
immediately after operation either in the operating room 
or soon thereafter in the intensive care unit. Thereafter, 
"respiratory failure continued to be the most frequent cause 
of death. Renal or hepatic failure was less common. Pa- 
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TABLE 4. Operative Procedures * 

Total 

Name of Operation Opz2rations 
GRVBI = gastric resection, vagotomy, Billroth I 132 
GRVBI = gastric resection, vagotomy, Billroth II 399 
GRBI = gastric resection, Billroth I 27 
GRBI = gastric resection, Billroth I 145 
PV = pyloroplasty, vagotomy 108 
GEV = gastroenterostomy, vagotomy 35 
PGV = proximal gastric vagotomy 30 
Roux = gastric resection, Roux-en-Y 71 

anastomosis 

Vv = vagotomy 26 
T = total gastrectomy 9 
Suture = suture of perforation | 107 
Other = other operation or data incomplete 45 


Total l 1134 


GR(V) = gastric resection, with or without vagotomy; PV(L) = 
loroplasty, vagotomy, with or without arterial ligation; L = ligation of 
artery. 

* Includes 1068 primary operations and 66 second operations for late 
complications. 


tients operated on for massive hemorrhage or late per- 


_ forations were particularly at risk. Too early an extubation 


in a patient who has been in shock appeared to be a factor 
in some of these deaths. 

Sepsis. Postoperative sepsis, encountered in 61 patients, 
was manifested either by peritonitis or disseminated sepsis 
in 22 patients, wound abscess in 16, subphrehic abscess 
in 12, epigastric abscess in eight, and pelvic abscess in 
three. There were 22 operations for sepsis. Almost all of 


TABLE 5. Complications of Operations 


Postoperative 
Complication Perioperative Early Late 
Splenectomy (iatrogenic) (18) I (1) 
Organ failure 

Lung 65 

Heart 24 

Kidney 23 

` Liver l 17 
Sepsis 16 (22) 
Stomal delay 63 (14) 
Bleeding, . . 31 (17) 
Wound dehiscence 13 (7) 
Duodenal stump 

problems 10 (2) 
Jeyunostomy tube leak 6 (6) 

Recurrent ulcer 17; 

-persistent ulcer 9* (26) 
Alkaline gastritis (23) 
Obstruction (8) 
Other (3) 31 (15) (9) 
Total (21) 345 (84) (66) 

(Operations in parentheses. ) 


* One additional patient had total gastrectomy elsewhere and persistent 
bleeding from duodenal ulcer. 
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TABLE 6. Reoperations for Postoperative Hemorrhage 2 Months 
or Less after Original Operation 


Preah ACT 


Original Operation Second Operation 
Site Age Indication Operation Interval Operation Result 
GU 76 MH L id GR Lived 
DU 39 MH T 2d L Died 
DU 60 Perf PY 6d GR Lived 
DU 86 MH PVL 1 wk GR Died 
DU 76 MH GRVBII 1 wk L Lived 
DU 17 Perf PY 2 wk GR Died 
DU 70 Perf S 2 wk GR Died 
DU 61 Perf S | mo GR Ded 
DU 66 MH PVL 2 mo GR Lived 
DU 75 Perf S i mo PV Died 


GU = gastric ulcer, DU = duodenal ulcer; MH = massive hemorrhage; 
Perf = perforation; L = ligation of artery; T = total gastrectomy; PV 
= pyloroplasty-vagotomy; GR = gastric resection. 

* Operation done prior to entry to MGH. 


these complications occurred after operations for acute 
perforation or were done in poor-risk patients. The stan- 
dard treatment of abscesses for many years was by surgical 
drainage. More recently, percutaneous catheter drainage 
by the radiologist has been successful in the majority of 
cases, unless there is a feeding fistula from the stomach 
or small intestine. In the early days of this study, anti- 
biotics frequently were not used prophylactically prior to 
GR. Since the gastrointestinal tract will be opened in 
nearly every instance, we believe that they should be given. 

Delay in stomal function. This delay was documented 
in 63 cases. Some of them were mild and subsided in a 
few days. However, 24 were serious, as judged by the cri- 
terion that the postoperative hospital stay was 30 days or 
more. Reoperations were necessary in 14 cases. Although 
spontaneous resolution took place 42 days after the orig- 
inal operation in two patients, it is apparent that our sur- 
geons prefer to operate if there is no spontaneous reso- 
lution after three weeks of obstruction. 

Delay at the stoma may occur after every type of gastric 
operation. However, it is most common when V is com- 
bined with GR. Thus, when all delays are considered, 
there were eight patients with delay after 172 resections 
without V (4.7%) compared with 45 in 531 patients who 
had an added V (8.57%). When the milder forms of delay 
were excluded and only those patients with a delay of 3 
weeks or more were considered, the difference was more 
marked— 1.3% for resections without V and 4.7% for those 
with V. 

In other words, V added to GR increases the chances 
of serious delay by a factor of 3 or 4. This figure agrees 
with the results reported by Cohen and Ottinger, who 
defined stomal delay as inability to take soft solids 3 weeks 
after operation and found that V increased the chances 
of stomal delay by 2.5 times.’ 

Roux anastomoses carried a high incidence of delay; 
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several factors may have been important. They always 
followed or were combined with a previous V, nearly al- 
ways were secondary operations, and disrupted the normal 
peristalsis of the stomach and small intestine. In 71 such 
procedures, delay was encountered in ten (14.1%) and 
reoperations were necessary in three (4.2%). This finding 
supports the observations of Vogel et al.° 

There was very little difference in the incidence of sto- 
mal obstruction after GRVBI (9 of 132 cases or 6.8%) 
and GRVBII (24 of 399 cases, or 6.0%). However, once 
it developed, the prognosis was much worse for the group 
with GRVBI since six of these nine patients (66.7%) re- 
quired reoperation and conversion to a BH anastomosis. 
On the other hand, only four of the 24 in whom stomal 
obstruction developed after a GRVBII (16.7%) required 
a second operation. ' 

A surgical adage states that a person who has had a 
stomal delay after a gastric resection will have an excellent 
long-term result. Indeed, this did appear to be true because 
in this study only three of the 63 who had stomal delay 
have reappeared in the hospital with recurrent gastric 
symptoms; two required an operation for alkaline gastritis, 
and one had intestinal obstruction due to an obscure mo- 
tility disorder. However, this is not a statistically significant 
figure; the incidence of later reoperation in this group was 
4.8%, contrasted with 66 late reoperations in the entire 
group (5.8%). 

Eight patients demonstrated a more chronic form of 
stomal delay that was marked by intervals of partial ob- 
struction alternating with periods free of symptoms. 
Eventually, after a period of months or years, a revision 
of the stoma or a conversion to a Roux anastomosis was 
carried out. 

Hemorrhage. Bleeding in the early postoperative period 
was a serious complication, particularly when the original 
operation had been for hemorrhage. Many patients had 
predisposing causes, such as the preliminary use of aspirin, 
chemotherapy, heparin, renal dialysis, and reduced clot- 
ting factors due to chronic disease or a recent operation. 
The cases may be divided roughly into three groups. In 
the first, there was further bleeding from the stomach or 
duodenum (23 cases); in the second, the bleeding arose 
from a suture line (4 cases); and in the third, bleeding 
arose from a site outside the upper gastrointestinal tract 
(4 cases). In the latter group, intraperitoneal bleeding, or 
lesions in the small bowel or colon such as ulcerative colitis 
or angiodysplasia, were considered to be the causes. 

Postoperative bleeding from the stomach or duodenum 
other than from a suture line occurred at the same entry 
or within 2 months in 23 instances. It subsided sponta- 
neously on conservative measures in 14. In four cases 
bleeding recurred after operation, but the patients were | 
considered to be terminally ill and unfit for operation. — 
Reoperation was carried out in five cases as indicated in 
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Table 6. A second operation in these patients, already 
extremely ill from a previous emergency operation for 
io either massive hemorrhage or acute perforation, was tol- 
erated poorly. For example, one of the patients had had 
two operations elsewhere, including a total gastrectomy 
for massive bleeding; a bleeding duodenal ulcer that had 
been overlooked was ligated, but the patient died. 

In the four cases with bleeding from a suture line, a 
secondary operation for control was necessary in 2. In- 
traperitoneal bleeding was noted in four patients; three 
operations were required for control. 

In several cases, selective angiography was used to try 
to control the bleeding. Although occasionally it was suc- 
cessful, there is some danger involved in the procedure. 
The patient may deteriorate rapidly in the angiography 
suite. In one of the cases, it was proved at autopsy that 
inadvertent loss of Gelfoam plugs into the hepatic artery 
-P led to massive liver necrosis and death in a few days. 

Thromboembolism. This-complication occurred in 12 
patients, who were treated primarily with anticoagulants 
when peripheral thrombosis was diagnosed; one patient 
also received a vena cava filter. There were two deaths 
from pulmonary embolism. One was in an 82-year-old 
man who was operated on for massive hemorrhage and 
had had a concomitant splenectomy. The other patient, 
aged 75, died after a PV from what was believed to be a 
myocardial infarct but which was proved to be due to 
multiple pulmonary emboli at autopsy. 

Dehiscence of the duodenal stump after BII resections 
or a fistula occurred in nine instances and led to three 
reoperations. An additional patient required replacement 
of a duodenostomy catheter. They will be discussed in a 
later section. 

Acute cholecystitis. Reoperation for acute cholecystitis 
occurred in three cases. Because this complication is 
common 1f gallstones are present, is difficult to diagnose 
after operation, and has a serious prognosis, we advise 
concomitant cholecystectomy at the time of gastrectomy 
if stones are present. In poor risks a cholecystostomy with 
removal of the stones is a reasonable alternative. 

Dehiscence and jejunostomy leaks. Dehiscence of the 
operative wound (7 reoperations) and jejunostomy tube 
leaks (6 cases with | death) were the most common other 
reasons for operations. 

Many postoperative complications did not require sec- 
ondary operations. Single or multiple failure involving 
the lungs (65 cases), heart (24), kidney (23), or liver (17) 
were by far the most important. Pancreatitis occurred in 
14 cases; it subsided in all but one instance without op- 
eration. . 

Late complications. The most serious complications 
that led to late reoperation were persistent or recurrent 
filcer (26 cases) or alkaline gastritis (23 cases). Stomal ob- 

struction occurred at a late date and required operation 
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in eight cases. Two operations were required for bezoars, 
one conversion of a BH to a BI for dumping, two con- 
versions of BII to BI for what were called afferent loop 
syndromes, one Roux for esophagitis after an esophago- 
jejunostomy, one colon replacement for the same reason, 
one total gastrectomy for a motility disturbance, and one 
reoperation for a choledochojejunostomy to repair an in- 
jured common duct. 

Ventral herniorrhaphies or laparotomies for intestinal 
obstruction were not included since it was impossible to 
determine whether other previous or later operations had 
contributed, 

In summary, there were 84 operations required for 
complications in the early postoperative period (7.4%) and 
66 at a later date (5.8%). The total of 13.2% is a surprisingly 
high figure. This figure reflects the serious condition of 
many of the patients who require operation, since few 
complications occurred after elective operations. It is cer- 
tain that attentive surgical care is necessary after any op- 
eration for peptic ulcer. 


Mortality 
There were 110 deaths in the hospital—a patient mor- 


tality of 10.6%. Seventy-eight of the deaths were designated 


as grade IV risks. These poor risks resulted from such 
factors as recent cardiac operations, severe trauma, severe 
neurological disease, terminal cancer, chemotherapy, re- 


cent treatment with prednisone, and renal allografts. Age 


was not considered to be:a factor. It is apparent that, if 
only potentially curable cases were considered, the death 
rate would have been approximately 4%. Substantial hos- 
pital resources were expended in the care of many very 
ill patients, of whom few were expected to survive. 

The postoperative mortality varied considerably de- 
pending on the indication for operation, as shown by the 
following brief summary. The influence of the choice of 
operation on mortality will be discussed in more detail 
in a later section. 


Elective Operations 


There were two deaths in 399 cases (0.5%). One patient 
had survived a GRVBII but died of a jejunostomy tube 
leak after a Roux for bile gastritis. The other died after 
GR for a huge antral ulcer. 


Urgent Operations 


Pain. One patient developed severe pain 1 year after 
suture of a perforated duodenal ulcer; she died after a PV 
for a penetrating ulcer. 

Obstruction. There were six deaths in 133 cases (4.5%). 
Four were grade IV risks before operation and died of 
respiratory, renal, and multiple organ failure. One of the 
good risks committed suicide in the hospital; the other 
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good risk had metastatic cancer of the colon at autopsy 
but had died of acute pericarditis. 

Bleeding, persistent or recurrent but not massive. There 


were ten deaths in 133 cases (7.5%). Five were grade IV 
risks; all died. 


Emergency Operations 


Massive hemorrhage. There were 53 deaths in 240 pa- 
tients (22.1%). This complication not only is the most 
common but carries the highest mortality rate. Respiratory 
complications that progressed to multiple system failure 
and sepsis were the main causes of death. 

The postoperative mortality also has varied somewhat 
with the date of the operation. Thus, in the precimetidine 
years, it was 15.6%, during the years of introduction of 
H2 antagonists, 17.4%, and in the last 6 years, it was 
24.6%. These figures indicate the poor physical condition 
of many of the patients who required operation for a 
complication of peptic ulcer disease. 

A detailed discussion of the influence of other factors 
on mortality follows in a later section. 

Perforation. There were 40 deaths in 191 patients 
(20.9%). Sepsis was the main cause of death. 

Overall, the main causes of death were organ failure 
and sepsis. The lung was the particular organ that was 
involved most commonly, with the heart, kidney, and 
liver following in that order. Death in a number of in- 
stances occurred in the operating room or shortly after- 
ward and at times was associated with intratrachea! ex- 
tubation. 


Controversial Topics 


Surgeons have a wide range of options in the choice of 
Operative procedures they employ in the treatment of 
peptic ulcer and its complications. Undoubtedly, some of 
them are more effective or more dangerous than others. 
Therefore, controversies concerning treatment are certain 
to arise. Several that deserve discussion, for which addi- 
tional data are furnished by this study, are: (1) Which 
procedure should be chosen for the elective treatment of 
peptic ulcer? (2) Which operation should be chosen for 
patients with acute perforations of ulcers? (3) What is the 
preferable operation for patients with acute massive hem- 
orrhage? (4) What methods can be used to prevent prob- 
lems with the duodenal stump after BIT anastomoses? (5) 
What is the recurrence rate of ulcer disease after various 
procedures? (6) Can alkaline gastritis be identified and 
cured by operation? (7) Are motility disturbances com- 
mon after operations on the stomach, and, if so, can they 
be identified and treated by operation? These questions 
will be discussed briefly. 

(1) Which procedure should be chosen for the elective 
treatment of peptic ulcer? The treatment of peptic ulcer 
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by H2 antagonists and antacids has been so successful 
that operative relief, particularly for duodenal ulcer, is 
less a problem now than it was in the early years of this 
study. Gastric ulcer has been less responsive to medication, 
but the addition of sucralfate has helped, and the wide 
use of endoscopy has reduced, though far from eliminated, 
confusion with cancer. Pyloric and anastomotic ulcers do 
not respond well to medical therapy. 

At any rate, surgical therapy still is required electively 
for patients with pain. Anastomotic ulcers are treated sur- 
gically after a Zollinger~Ellison (ZE) syndrome has been 
ruled out by a higher GR and a V; occasionally hyper- 
gastrinemia in the absence of a gastrinoma will indicate 
a total gastrectomy. Gastric ulcers preferably are treated 
by distal gastrectomy; V is added in all cases except for 
mid-lesser curvature ulcers in patients 70 years of age or 
over. The addition of V to GR for the great majority of 
gastric ulcers has become more frequent in the past few 
years. 

An important controversy concerns the treatment of 
the duodenal ulcer that is manifested only by pain. It 
should be emphasized that an ulcer must be demonstrated 
either by endoscopy or radiology; patients with ulcer 
symptoms but no demonstrable pathology do not do well 
after surgery and are hard to restore to a normal semblance 
of health by any series of operations. 

The number of patients with duodenal ulcer operated 
on solely for pain has decreased considerably in recent 
years. In the precimetidine years, an average of 18 patients 
per year were operated on for this reason; the average now 
is 11. At present the controversy concerning the proper 
elective operation for duodenal ulcer in our hospital in- 
volves only about 15% of the total number of operations 
for peptic ulcer disease. In Figure 4 the number of ulcer 
patients operated on for pain is shown; it should be noted 
that approximately half of them had gastric and half had 
duodenal ulcers. 

Whether this group of patients with duodenal ulcers 
should have GRVBI, GRVBII, or PGV is an important 
question. Our choice has varied depending on many fac- 
tors, including the status of the ulcer, the attitude of the 
patient and the surgeon, the sex and build of the patient, 
and the necessity for concomitant operations. In general, 
at the MGH the prime consideration has been to provide 
the patient with the best protection against recurrence, 
i.e., GRV. This is particularly important when patients 
scatter over wide distances and cannot be followed care- 
fully. On the other hand, thin women or men whose com- 
plaint is solely that of duodenal ulcer pain and who are 
devoid of any complicating problems such as pyloric ob- 
struction, bleeding, or prepyloric lesions, are prime can- 
didates for PGV, provided they wish to run the risk of a 
higher recurrence rate than that which follows GRV.“ 
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Postoperative mortality in the hands of skilled surgeons 
will be essentially the same regardless of the operation 
chosen. It should be re-emphasized, however, that this 1s 
a relatively small group; operations today chiefly are for 
the major complications of perforation, bleeding, or ob- 
struction. 

Does bilateral truncal vagotomy introduce certain haz- 
ards that would be eliminated by the use of GR as the 
primary operation to be followed by V when there is re- 
currence? These hazards include esophageal perforation, 
rupture of the diaphragm from a retractor, tatrogenic 
splenectomy, bleeding, increased chances of stomal delay, 
esophageal stricture, and, possibly, accentuation of gastric 
paresis. Although this is a formidable list, they all are rare 
enough that nearly all surgeons agree that V should remain 
an essential part of an operation for duodenal ulcer, chiefly 
because less stomach need be sacrificed and the recurrence 
rate is essentially eliminated. Nevertheless, if the technical 
problems appear to be great when a V is contemplated, 
the surgeon can perform a partial gastrectomy, in which 
he removes about two thirds of the stomach, and expect 
a good result except for a slight increase in the recurrence 
rate in the usual patient; however, caution is necessary 
when a resection at this level is carried out in a thin patient 
or a women. 

(2) Which operation should be chosen for acute per- 
forations of ulcers? There are several options, depending 
on the site of the ulcer. Anastomotic ulcers require a V 
ifit had not been done previously and a higher GR. Gastric 
ulcers above the prepyloric area usually are treated by 
GR. Controversies therefore are limited to the treatment 
of perforated duodenal, pyloric, and prepyloric ulcers. In- 
asmuch as the great majority of so-called perforated gastric 
ulcers actually later appear to be duodenal ulcers, and 
since operative records have not delineated the exact site 
of many gastric ulcers and perforations of those at the 
angulus or above are unusual, in this analysis all perfo- 
rations are included. 

The methods that can be employed include simple clo- 
sure, either by suture or omentum or both, PV, and GR, 
either with or without V. All surgeons employ each of 
these methods, depending on special circumstances. Jor- 
dan has recommended closure and PGV; this was done 
in only one case in this series.* In this hospital, the defin- 
itive operation chosen to prevent recurrence, which is the 
main criticism of simple suture, has been GR, with V 
added when operative conditions permit. Perforations in 
patients with a previous history of ulcer disease, and per- 
forations that are too large to close by any method other 
than resection or that are associated with hemorrhage or 
with induration, suggesting a posterior ulcer as well, will 
do better with a resection, provided that the perforation 
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TABLE 7. Peptic Ulcer (Primary and Secondary Operations) 


Secondary Operations (%) 
Primary ee ee 
Operations # Cases Recurrence* Other Total 
Gastric resection, 

vagotomy, BI 132 0% 5.3% 5.3% 
Gastric resection, 

vagotomy, BII 399 04 | 5.3 5.7 
Gastric resection, 

BI 27 10.0 0 10.0 
Gastric resection, 

BI i 145 2.3 2.1 4.4 
Pyloroplasty, 

vagotomy 108 6.2 0.9 7.4 
Gastric resection, 

vagotomy, 

Roux 7i 2.0 4.2 6.2 
Suture perforation 107 20.5 0 20.5 
Proximal gastric 

vagotomy 30 8.3 3.3 11.6 


* Based on survivors of operation 1974-1980. 


the surgeon is skilled, and operating conditions are sat- 
isfactory. In other circumstances, the surgeon should opt 
for simple closure. A previous history of ulcer disease is 
a strong argument for a definitive operation. 

The data acquired from this study continue to support 
these conclusions. In general, there were 191 acute per- 
forations with 40 deaths (20.9%). Suture was done in 101 
cases, with a mortality of 24/101 or 23.8%. There were 
13 reoperations for persistent or recurrent ulcer, or 16.9% 
of the survivors; these recurrences were treated by GR(V) 
in nine cases with two deaths, and by PV in four cases 
with two deaths. The recurrence rate was 20.5% with a 
minimum 5-year follow-up (Table 7). 

PV was done in 15 cases with six deaths (40%). Two 
patients bled massively from the ulcer early after operation 
and required emergency gastrectomies; one survived and 
one died. 

GR, with or without V, was done in 69 cases with nine 
deaths (13.0%). There were no reoperations for recurrence 
and only one for other reasons (dumping). 

These data appear to give a clear advantage to GR(V). 
However, they might also mean that the surgeons picked 
the proper operations for the patients, choosing the poor 
risks for suture and the good ones for resection. This is a 
valid criticism, and the subsequent discussion should not 
be interpreted to mean that all cases should be treated 
by GR(V). 

However, it is particularly important to ask which pro- 
cedure should be chosen for older patients, who are de- 
fined arbitrarily in this paper as being 70 years old or 
older. It often is said that only the simplest operation 
should be done in these patients. 
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When patients 70 years of age or over are compared, 
the mortality rate for simple closure was 14/38, or 36.8%; 
for GR(V) it was 2/12, or 16.7%; for PV it was 2/5, or 
40%. Again, the advantage appears to be in favor of re- 
section. But clearly the worst cases were treated by suture. 
When the grade IV cases were eliminated from the anal- 
ysis, there were 18 good risks treated by suture with three 
deaths (16.7%), four good risks treated by PV with one 
death (25%), and ten good risks treated by resection with 
one death (10%), There were 30 grade IV patients; 26 had 
suture with five survivors; and four had GR{V) with one 
survivor. From these figures, it appeared that GR dem- 
onstrated a slight advantage in the older patients if they 
were good risks; this advantage disappeared in bad risks. 

We believe that the following conclusions are justified. 
Bad-risk patients should be treated by simple closure, 
provided that the ulcer is not too large to close in that 
fashion and does not have concomitant obstruction, 
hemorrhage, or posterior induration suggesting a posterior 
ulcer with the potential for hemorrhage. On the other 
hand, good-risk patients of any age, particularly if they 
have a previous history of ulcer disease, should be treated 
by an operation with a lower risk of recurrence than su- 
ture, Le., a GR(V), providing operating conditions are 
satisfactory. 

(3) What is the preferable operation for patients with 
acute massive hemorrhage? The most important crite- 
rion—mortality——varied according to the site of the ulcer, 
the condition of the patient, and the operation that was 
chosen for treatment. 

There were 240 operations for massive hemorrhage, 
with 53 deaths, a mortality of 22.1%. There was little dif- 
ference according to the site of the ulcer—21.5% for duo- 
denal ulcer, 20.9% for gastric ulcer, and 21.1% for anas- 
tomotic ulcer. 

The mortality rose greatly when the patient was in poor 
condition. It was 69.4% in the grade IV cases compared 
with 10.8% in the good-risk patients. 

The age of the patient is an important factor. Those 
who were aged 70 or over had a mortality of 41.9% com- 
pared with 10.6% in the younger group. 

The operation chosen for treatment varied by site of 
the ulcer. Anastomotic ulcers preferably were treated by 
V,if it had not been done previously, and a higher GR. 
A total of four high gastric or anastomotic ulcers required 
total gastrectomy for control; there were three deaths in 
this group. To avoid such dangerous procedures, ulcers 
high in the stomach were treated at times by distal resec- 
tion and intragastric suture of the ulcer, provided that 
biopsy had shown that it was benign. 

Duodenal, pyloric, and gastric ulcers as well as gastritis 
were treated preferably by GR and V; if the patient was 
a poor risk the V was omitted. However, PV has been a 
competing operation in many of these patients. It is as- 
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sumed that ligation of a bleeding vessel—usually the gas- 
troduodenal artery in this last group—will be added when 
either a GR or PV is done. 

There has been a great deal of discussion in the literature 
about the treatment of the bleeding ulcer by these two 
competing methods. It is usually taught that GR(V) is 
preferable for patients who are good risks, but bad risks 
and patients over 70 years of age should be treated by 
PVL. The data provided by this study can be summarized 
as follows: 

The overall mortality for GR(V) for massive hemor- 
rhage was 21.9% (35 of 187 cases) and for PV it was 29.8% 
(14 of 47 patients). Though these figures indicate that GR 
is preferable, it does not answer the objection that surgeons 
selected GR for good risk patients and PV for the bad 
risks. Therefore, for purposes of this analysis, the patients 
were divided into four groups as shown in Table 8. 

Actually, the surgeons involved in this study preferred 
to use GR(V) in all age groups and for all risks, good or 
bad. For good-risk patients below the age of 70, 96 were 
treated by GR(V) compared with 16 by PV(L), and in the 
group of good risks 70 years of age or older, by GR(V) in 
47 cases compared with 17 who had PV(L). In the bad 
risks below 70, GR(V) was used in 15 cases compared 
with five by PV(L), and, in bad risks 70 years of age or 
over, GR(V) was used in 20 cases compared with nine by 
PV(L). However, comparison of the mortality figures 
showed no significant difference between the two opera- 
tions in any group. Surgeons’ preference for GR(V) must 
have been based on either traditional teaching or a belief 
that there are theoretical advantages in GR(V) over PV. 

A good test of the comparative excellence of the two 
operations consists of the number of hemorrhages that 
occur from the ulcer after the primary operation (Table 
6). There was only one such recurrence after GRV; this 
patient had a religation of the gastroduodenal artery 2 
weeks after a GR VBII and recovered. After PV for massive 
hemorrhage, there were two further hemorrhages from 
the ulcer bed within 2 months—an incidence of 2/47, or 
4.3% compared with 0.5% for GR(V). It also should be 
noted that two of the 15 patients treated by PV for acute 
perforation, or 13.3%, had a massive hemorrhage shortly 
afterward; the incidence of recurrent bleeding therefore 
was 4/62 (6.5%) after PV had been done for emergency 


TABLE 8. Mortality for GR(V) Compared to PV 
Jor Massive Hemorrhage 


Mortality for Mortality for 


Risk Age GR(V) PV 
Good <70 1/96 (1.0%) 0/16 (0%) 
Good 70 or over 14/47 (29.8%) 4/17 (23.5%) 
Grade IV <70 10/15 (66.7%) 3/5 (60%) 5 
Grade IV 76 or over 14/20 (70.0%) 7/9 (77.8%) 
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operations. In this respect, GR(V) appeared to be the 
preferable operation compared with PV, although the fig- 
ures were too small to be of statistical significance. 

The theoretical arguments for using GR(V) rather than 
PV for massive hemorrhage include the following: (1) sec- 
ondary bleeding from a retained ulcer is less common, 
because ligation of a vessel within the gastrointestinal tract 
is less secure than if gastrointestinal contents are not per- 
mitted to flow over the site of ligation; (2) accompanying 
gastritis or gastric ulcerations are treated more adequately; 
and (3) if the patient recovers, the chances of ulcer re- 
currence are less. Also, advanced age is no protection 
against this type of bleeding, since the patients who bled 
shortly after a PV for emergency operations were 17, 66, 
75, 76, and 86 years old; in fact, the older patients ap- 
peared to be more vulnerable to this complication. 

In conclusion, the choice of operation for acute massive 
hemorrhage from a duodenal ulcer is a matter of judg- 
ment. Although we had believed froni previous experience 
that there was a much higher incidence of recurrent 
bleeding after PV, this problem has been eliminated to a 
great extent by accurate ligation of the gastroduodenal 
artery if it is the source of the hemorrhage. Because of the 
theoretical considerations noted above, we believe that 
GR(V) is superior to PV(L) in all cases, but many other 
factors enter into the decision concerning the choice of 
procedure in individual cases. Relative inexperience of 
the surgeon, a patient unfit to withstand a longer opera- 
tion, and less than optimum operating conditions will 
make a PV(L) the safer procedure. The critical factor is 
not the age of the patierit but the judgment of the surgeon. 

(4) What methods can be used to prevent problems 
with the duodenal stump after BII resections? In the entire 
series of 1134 operations, there were 10 postoperative 
problems with the duodenum. Seven of these patients had 
not had a duodenostomy catheter. In five of the seven, 
complications occurred after an operation for acute per- 
foration; in this group of five, dehiscence of the closure 
occurred 3 times after suture closure with one death, once 
after a PV followed by death, and oncé after a GRBI for 
a giant perforation with death. After BIT resections for 
other indications, one patient developed a temporary fis- 
tula through the site of a Penrose drain and recovered 
without operation; a second patient had a dehiscence of 
the stump after a GRBU and recovered after drainage. 

Three patients had complications from duodenostomy 
catheters. The catheter inadvertently fell out in one patient 
with extensive carcinoma who was being treated with 
prednisone and chemotherapy and had to be replaced a 
day afterward; she died a month later. It is possible that 
duodenostomy contributed to her death. The final two 
problems were delayed closures of drainage tracts after 
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the value of catheter duodenostomy to reduce the early 
postoperative pressure in the duodenum, an important 
contributory factor in the production of duodenal 
leaks.*-’? Consequently our staff has used this method fre- 
quently. It was employed in 57 cases—10.5% of all pa- 
tients with BH anastomoses. If the duodenal closure was 
reasonably but not entirely satisfactory, as it was in 52 
cases, a lateral duodenostomy was made. In the five very 
troublesome cases in which any closure would have been 
likely to have been unsatisfactory, a terminal duodenos- 
tomy was elected. | 

Prior to the use of duodenostomiy catheters, the usual 
statistics showed that the incidence of a duodenal stump 
leak was about 2% aftér GRBI operations and the mor- 
tality was about 50% when it occurred. In this series of 
544 patients who had a GRBI or GRVBI, a minimum 
of ten leaks would have been expected; however, the 
planned system of decompression essentially eliminated 
serious complications. 

Obviously, the insertion of a duodenostorny catheter 
cannot guarantee that a patient will automatically recover 
from a gastrectomy; five patients with duodenostomies 
died, but they were all grade IV patients, and, except for 
the possible case cited above, duodenostomies did not 
contribute to their deaths. Furthermore, a duodenostomy 
catheter does prolong a hospital stay and occasionally can 
lead to continued drainage for a longer period; therefore, 
it should not be uséd if closure of the duodenum is sat- 
isfactory. 

(5) What is the recurrence rate of ulcer disease after 
various operations? There were 26 secondary operations 
for persistent or recurrent ulcers. However, in this study, 
certain limitations must be noted. Recurrence figures were 
lower than expected; it was impossible to follow all patients 
personally since many of them either were referred from 
other localities or had moved and could not be contacted. 
Recurrence figures therefore are based on the performance 
of a second operation for recurrence in the MGH or on 
later notes made in the hospital records. Follow-up notes 
were available for approximately a third of the patients. 

Persistent ulcers were defined arbitrarily by continuing 
ulcer symptoms that required operation within two 
months, and recurrent ulcers were defined as those that 
required reoperation for ulcer after that interval. To in- 
clude essentially all recurrences a 5-year follow-up period 
was desirable. Thus, the 18 patients with persistence or 
recurrence observed from 1974 through 1980 were ana- 
lyzed (Table 7). The only recurrence in the patients who 
had GRY was in a patient with glucagonoma. GRBU, the 
next most popular operation, had 4 recurrence rate of 
2.3%. Suture of a perforation had a 20.5% recurrence rate; - 
inasmuch as there was a high death rate after closure of 
perforations, only the survivors of the original operation 
are listed in the table. One of the patients with recurrence 
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had a gastric ulcer; all other recurrences were after op- 
erations for duodenal ulcers. 

It is difficult to enumerate the number of patients who 
have had symptoms other than those of recurrence. Al- 
though some of them must have been treated in the offices 
of referring physicians, it is probable that those patients 
with severe symptoms usually were referred back to sur- 
geons and secondary operations were carried out. Most 
of these patients were considered to have alkaline gastritis 
or stomal malfunction. The number of operations per- 
formed for late complications other than recurrence give 
a clue as to the frequency of these complaints. There were 
40 such operations in patients who had their first operation 
for ulcer in the MGH—an incidence of 3.7%. Again, 
nearly all occurred in patients with duodenal ulcer. The 
dumping syndrome was not a serious problem; only four 
patients had an operation for that reason, of whom only 
two had a good result. 

It is of interest to compare the figures on recurrence 
with two previous series from this hospital. The first by 
Donaldson and Jarrett in 1970 showed that the recurrence 
rate after operations for acute perforations that were 
treated by suture was 36%.° In a second personal series 
of operations for duodenal ulcers published in 1963, we 
found that GR was followed by recurrence in 7.5% of 
cases and was reduced to 4.5% if 75% resections were 
done.’ Thereafter, the recurrence rate was reduced to less 
than 1% by the addition of V. These patients had all been 
followed personally for at least 5 years. 

A comparison of these two studies with the present one 
shows a marked diminution in the number of recurrences 
in this report. This finding is influenced by incomplete 
follow-up of patients for too short a period but also may 
indicate a diminution in the virulence of duodenal ulcer 
diathesis and better methods of treatment, particularly by 
H2 antagonists. 

There have been many recent reports concerning the 
recurrence rate after PGV: our experience has been too 
limited to permit any definite conclusions. Furthermore, 
19 of these 30 operations from 1974 to 1986 were com- 
bined with other procedures, such as hiatus herniorrhaphy, 
cholecystectomy, or pancreatic surgery: thus, end results 
are difficult to evaluate. After these 30 operations, two 
patients have required reoperation (1 for recurrence, | for 
repeated attacks of vomiting), and a third patient had a 
recurrence demonstrated by endoscopy but was treated 
medically. 

In general, our recurrence rates are comparable with 
those reported in the world literature. Recurrences after 
GRV for gastric ulcers are uncommon.'® Representative 
figures after operations for duodenal ulcer are about 2.5% 
for GR and about 0.5% for GRV.''-!3 Recurrence rates 
after PGV are about 8%, with much higher reported rates 
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in the presence of pyloric obstruction (16%), for ulcers 
not responsive to cimetidine (34%), and for pyloric or 
prepyloric ulcers (32%).4!4+"!6 

(6) Can alkaline gastritis be identified and cured by 
operation? When the late complications other than re- 
currence after operations for ulcer are listed, alkaline gas- 
tritis seems to be the most common. Reoperation for this 
indication was done in 41 cases. Treatment has been by 
means of a Roux anastomosis or a Tanner-19 procedure. 
In both of them, the alkaline duodenal contents are de- 
toured 50 cm below the gastroenterostomy. A V always 
is added, unless it had been done previously. Eighteen of 
these patients had been referred from other hospitals after 
previous operations for ulcer; 23 followed primary op- 
erations in the MGH. There was one operative death due 
to leakage from a jejunostomy catheter. Four patients re- 
quired a second Roux anastomosis after the first because 
of problems with obstruction. 

Many years ago, it was believed that these operations 
would cure nearly everyone with the postoperative com- 
plaints of nausea and vomiting combined with epigastric 
pain if the endoscopist or pathologist made a diagnosis 
of gastritis. Actually, these complaints are common with 
functional abnormalities and probably other ill-defined 
syndromes. For example, in a previous paper from the 
MGH, it was noted that only 57% of patients operated 
on for alkaline gastritis actually had a good result. Fur- 
thermore, nearly the same number of patients who were 
treated expectantly did as well!” 

Hence, if an operation is to be done for what is believed 
to be alkaline gastritis, it would be useful to have a pre- 
operative test that could identify the syndrome. Warshaw’s 
test consists of separate instillations of acid, bile, and alkali 
into the stomach; the test is considered to be positive if 
the patient complains of pain only after the ingestion of 
alkali.'* It has been helpful in a number of these patients. 

Roux operations have been employed for reasons other 
than alkaline gastritis. Herrington et al. have suggested 
that it be used as a primary procedure for peptic ulcer. °? 
In our series, bleeding gastritis, some high gastric ulcers, 
or anastomotic ulcers account for the other major indi- 
cations for Roux anastomoses. They were done in a total 
of 74 cases with a total of four deaths, including the one 
noted after operation for alkaline gastritis. Only five Roux 
anastomoses were made at the time of a primary gastric 
resection: none of the patients on whom this procedure 
was performed have returned with further complaints, 
but the sample is too small to evaluate the value of this 
procedure as a preventive measure for alkaline gastritis. 

Alkaline gastritis also served as a diagnosis in some 
patients who probably had either gastric motility problems 
or late poor emptying of the gastric remnant. The late 


incidence of alkaline gastritis was 2.0% in patients who «, 
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had V at the time of the original operation and 1.7% in 
those who did not have V. However, late problems with 
delayed gastric emptying were found exclusively in pa- 
tients who had had V (2.0 vs. 0%). 

(7) Are motility disturbances common after operations 
on the stomach, and, if so, can they be identified and 
treated by operation? Motility disturbances of the stomach 
are uncommon but in this series appear to form an im- 
portant subset of patients who were believed to have or- 
ganic gastric outlet obstruction but failed to obtain symp- 
tomatic relief by operation. Some of them were diagnosed 
as having alkaline gastritis, and a Roux anastomosis was 
done; however, symptoms continued. 

Recognition of the syndrome is difficult and usually 
has been made because of a poor response to a potentially 
curative operation if the obstruction had been on an or- 
ganic basis. Sometimes, evidence has been obtained by 
the slow evacuation of a barium impregnated meal or a 
radionuclide marker. Slow emptying, either at the gastro- 
jejunostomy stoma or of the jejunal loop proximal to the 
jejunojejunostomy, has been demonstrated.? Some pa- 
tients have had associated motility disturbances of the 
esophagus, such as achalasia, or of the jejunum. Some 
have had a true paresis, which at times is associated with 
diabetes. | 

In this series, 14 patients either had a diagnosis of a 
gastric motility disorder or, in retrospect, had clinical 
courses fairly typical of this syndrome. Only one of these 
patients had diabetes. They responded only moderately 
well to such drugs as bathenecol or metoclopromide. A 
total of 40 operations were done in these patients. Finally, 
nearly all of them had a V, and most of them Roux re- 
sections. Some were helped by GRBII.”° 

What happens to patients who fail to improve after 
these procedures? One patient had a spectacularly good 
result from a total gastrectomy after a failure of GRVBII 
and Roux anastomosis. He had had a partial gastrectomy 
and an accompanying V at age 19 for a duodenal ulcer. 
Thereafter, he had repeated operations for abdominal pain 
and vomiting. They included cholecystectomy for stones, 
repeated GRs, Tanner-19, Roux, enteroanastomoses, and 
lysis of adhesions. After eight of these operations, he was 
left with approximately a quarter of his stornach. When 
he last entered the hospital, he had taken no solids for 3 
years, had been tunable to retain liquids for 3 months, and 
had been on total parenteral alimentation for this last 
period. After a period of hospitalization, barium passed 
readily through the stomach remnant and small intestine; 
however, he continued to vomit all fluids and solids. With 
some trepidation, a total gastrectomy was done as a last 
resort. Convalescence was difficult, because of a leaking 
anastomosis and splenic and subphrenic abscesses. He 


y recovered and then gained nearly 30 lb in 3 months. Four 
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. yeafs later, he had gained from his low of 100 Ib to 140 


Ib, was eating everything he wens and had no abdom- 
inal complaints. 

In general, however, these patients havé had unsatis- 
factory results. We have been reticent to perform total 
gastrectomy in this group, except in this one person, when 
there seemed to be no other course. However, total gas- 
trectomy may be the only way to salvage some of these 
patients, as Woodward and Way and their associates have 
shown.??! | 
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DISCUSSION 


Dr. DAVID FROMM (Syracuse, New York): It was with awe that I read 
the manuscript, heard the presentation, and now remark on this extraor- 
dinary series of 1068 patients with peptic ulcer disease treated at a single 
institution over a 12-year period. While operative series from teaching 
institutions have a tendency to be skewed because of the nature of referral 
patterns, this series from the Massachusetts General Hospital is repre- 
sentative of what appears to be occurring in the United States—a decline 
in elective operations for peptic ulcer but nearly stable operative rates 
for perforation and hemorrhage. This is a tell-it-like-it-is study that is so 
characteristic of the many reports from Dr, Welch’s service. 

The data confirm the low operative mortality for elective operation, 
but the mortality from bleeding that was less than massive was 7.5% and 
almost three times that for massive hemorrhage. In fact, the mortality 
increased from approximately 16% in the precimetidine era to 25% be- 
tween 1981 and 1986. Is this observation statistically significant? If it is, 
did you, because of the severity of the underlying medical condition, 
alter the timing of operation in the cimetidine era? 

The author’s data confirm that patients with a delay in gastric emptying 
in the immediate postoperative period indeed have excellent long-term 
results. However, when vagotomy was added to gastric resection the 
incidence of delayed emptying in the immediate postoperative period 
was threefold greater. Most of us have attributed this to a motility problem 
as a result of the vagotomy; but why should there be an increased delay 
in gastric emptying following vagotomy if the antrum or motor portion 
of the stomach is excised and there is a loss of receptive relaxation in 
the remaining vagotomized stomach? My experience is that the over- 
whelming majority of problems associated with delayed gastric emptying 
in the immediate postoperative period are associated with anastomotic 
edema. As this subsides, emptying improves. 

I have learned much from the previous reports from Drs. Welch and 
Austen about management of the difficult duodenum. In the present 
series, ten problems occurred, and seven of these did not have a duodenal 
catheter, which the authors believe does much to prevent complications 
with the duodenal stump. However, I wonder about the advisability of 
a lateral duodenostomy, which the authors advocate for dealing with the 
reasonable but not entirely satisfactory closure. Acute afferent limb ob- 
struction in the immediate postoperative period as a cause of duodenal 
stump blowout is very rare in my experience. My bias is that the over- 
whelming majority of leaks are due to our technical failures at the duo- 
denal stump. If this is true, then, I do not understand how a lateral 
duodenostomy will prevent failure of stump healing. On the other hand, 
as the authors have pointed out on this and other occasions, a terminal 
or end duodenostomy catheter is an excellent method to deal with the 
stump than cannot be closed satisfactorily. 


Dr. JOHN L. Sawyers (Nashville, Tennessee): It is a pleasure and 
privilege to comment on Dr. Claude Welch’s paper. He was kind enough 
to send me a copy of his manuscript. He and his colleagues have done 
an extensive study of over 1000 consecutive patients operated on at the 
Massachusetts General Hospital for peptic ulcer disease. There is a wealth 
of data in their paper, which deserves careful analysis, and it will be a 
pleasure for those of you interested in the surgery of peptic ulcer disease 
to study this when it is published. 

Dr. Welch listed seven controversial subjects which are addressed in 
detail and for which he makes recommendations based on his extensive 
personal experience. | would like to discuss some of these. 

Dr. Scott, Dr. Herrington, and I have had an interest in the surgical 
treatment of peptic ulcer disease and have been fortunate enough to have 
had an extensive experience with the surgical management of such pa- 
tients at the Vanderbilt University Hospital and its affiliated institutions. 
For 25 years truncal vagotomy and antrectomy was our procedure of 
choice for the patient with duodenal ulcer. Over 3500 patients have been 
under continuing follow-up after truncal vagotomy and antrectomy. This 
operation has been extraordinarily effective in controlling the ulcer di- 
athesis, as recurrent ulcers have occurred in only 0.6% of 3500 patients 
followed now since January 1947. We have also evaluated other operative 
procedures and are currently enthusiastic about proximal gastric vagot- 
omy or, as it is otherwise known, highly selective or parietal cell vagotomy 
for the treatment of patients with duodenal ulcer disease. 
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(Slide) This slide shows results in 109 patients who have had proximal 
gastric vagotomy for duodenal ulcer followed from 6 to 13 years. The 
long-range complications related to postgastrectomy problems have been 
minimal (and this is the great advantage of this procedure), with mild 
diarrhea occurring in only 4.5% of the patients, mild dumping in 1.9%, 
no reflux gastritis, and minimal delay in gastric emptying. The important 
problem has been the recurrent ulcer rate, which in this group is 9.2%. 

(Slide) Dr. Herrington and I have tried to keep in touch with other 
groups who have been proponents of proximal gastric vagotomy for duo- 
denal ulcer. The recurrent ulcer rates from other centers is shown on 
this slide. Generally they are in the range of about 10%. The Johnson 
and Andrup group studies are of interest because when patients were 
operated on by David Johnson himself or by Eric Andrup, the recurrence 
rate was 3%, but when the registrars or other surgeons did the operation 
the recurrence rate rose to 11~14%, indicating that there is indeed a 
learning curve in performing the procedure, and the technical details are 
extremely important to be certain that all vagal fibers to the parietal cell 
mass are divided. 

(Slide) This slide shows our thoughts about the current status of op- 
erations for duodenal ulcer in a patient who has an obstructed duodenal 
ulcer. In the good risk patient, we prefer vagotomy and antrectomy. The 
same is true for patients with massive bleeding from the duodenal ulcer 
who are good risk patients, and I believe this is in general agreement 
with Dr. Welch’s guidelines. For those high risk patients with bleeding 
or obstruction, we recommend truncal vagotomy and pyloroplasty, again 
in line with Dr. Welch’s recommendations. However, we feel that for 
patients with an intractable duodenal ulcer undergoing an elective pro- 
cedure and for selected patients with a perforated duodenal ulcer, prox- 
imal gastric vagotomy is the procedure of choice. 

(Slide) For those who have an acute perforation and are good risk, we 
think closure of the perforation with proximal gastric vagotomy is an 
excellent procedure. In our series of 47 patients, we had no mortality. 
Paul Jordan has almost twice as many patients, with 1.3% mortality rate. 

Dr. Welch emphasizes the prevention of problems with the duodenal 
stump after Billroth H resection and advocates the use of a duodenostomy 
catheter. 

(Slide) This shows an alternative method that we have found to be of 
help in patients who have had duodenal stumps that we have not been 
able to close satisfactonly. A Roux-en-Y jejunal limb is brought up and 
sutured to the end of the duodenum and acts much like a “living sump.” 

Dr. Welch’s paper highlights the changes occurring in the type of patient 
coming to the surgeon for peptic ulcer disease. Not only has there been 
a reduction in the total number of patients, but seldom are patients 
referred for intractability; rather, they have the acute complications of 
bleeding and perforation. Many of these patients are immunosuppressed. 
Unfortunately, this results in a very poor risk patient undergoing an 
emergency operative procedure with a high mortality and morbidity 
rate. I would like to ask Dr. Welch if he has any suggestions to help 
prevent ulcer complications from occurring in these poor risk patients. 


Dr. LLOYD M. NYHUS (Chicago, Illinois): We all agree that profound 
changes have occurred in our approach to patients with duodenal ulcer 
disease in the past decade. Is such a change warranted? I have the impres- 
sion that many surgeons accept the loss of this segment of the patient 
population as inevitable. 

I rise to point to the proven cure of the ulcer diathesis in 99.6% of the 
patients operated on by Drs. Welch, Rodkey, and Gryska, using vagot- 
omy, antrectomy, and either the Billroth I or H anastomosis. This message 
must be repeated again and again so that this fact, cure, is very well 
known. 

The counters to this excellent record are the postoperative side effects 
so often alluded to by our internal medicine colleagues. Here again, Dr. 
Welch and his group help us. Of course there are side effects, but the 
numbers given today seem to me to be much lower than usually quoted. 

Surgeons always have treated the complications of duodenal ulcer 
disease. My plea, along with that of the authors, is to allow us to operate 
on the patients with these complications at an earlier time in the course 


of their disease. Only by this approach can we stop the ever-increasing ~~“ 


numbers of extremely ill patients being presented to us with advanced 
sepsis following perforation, severe fluid and electrolyte abnormalities 
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following chronic pyloroantral obstruction, and repetitive massive hem- 
orrhage. 

Again our gratitude goes to Dr. Welch and colleagues for presenting 
material that should help stem the tide of inappropriate delay in the 
operative treatment of these patients. 


Dr. CLAUDE E, WELCH (Closing discussion): I would like to thank 
the discussants for their very kind remarks. I will try to answer some of 
their questions. 

First, Dr. Fromm, you raised the matter of a rise in mortality from 
severe bleeding. I think we are up against a rather serious problem these 
days, and I do not know exactly how we are going to counter it at the 
moment because many procedural gastroenterologists now try endascopic 
coagulation or laser; the surgeon then sees the patients when they are 
not as good risks as they were at the very outset. Continuous or repetitive 
bleeding does not help these patients a great deal. 

You also raised the question of whether there was edema around the 
anastomosis to contribute to delayed emptying. We have not bad that 
experience. The endoscopic examination of these patients usually has 
revealed a normal stoma. We have had only one case where it has been 


‚possible to pass the endoscope down through the efferent loop and wiggle 


it around where things are a little tight and then have a dramatic relief 
of the obstruction. There have been several similar reports in the literature. 
I think stomal delay usually is due to some adhesions distal to the anas- 
tomasis. 
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Other methods of treating the duodenal stump were suggested by both 
Drs. Fromm and Sawyers. We believe that lateral duodenostomy theo- 
retically does do a great deal of good, because here is a column of fluid 
that goes down to a collecting bottle on the floor and acts as a siphon. 
Thus, there is a negative pressure in the duodenum. Visceral pressure 
outside the stump therefore tends to close the stump. Increased pressure 
in the duodenum tries to force it open. Of course, the same purpose can 
be accomplished in another fashion. One can introduce a tube back into 
the afferent loop ell the way up to the end of the duodenum and secure 
it in that fashion, but catheter duodenostomy has been the simplest 
method we have been able to use. 

Dr. Sawyers, I am sure all of us follow the Nashville experience with 
PGYV with great interest. PGV is working out very well in their hands, 
and we wish them good luck. 

We have not been very happy about extending PGV to the care of 
acute perforatiors because most of these operations are done by the 
residents in the -niddle of the night. We have decided that the most 
important thing s to save a life in bad risks under those circumstances 
and come back another day if you need to do so; we have preferred 
GRY for the gocd risks. 

I am glad that Dr. Nyhus referred to the problem of side effects after 
these operations. We have not found them to be nearly as important or 
common as our medical colleagues apparently believe. We have had 
very few cases operated on late for the dumping syndrome. The great 
majority of patients who have returned to the hospital after GRV have 
forgotten about the operation. It is a past episode in their lives. 
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In 1982, a prospective study was initiated of 52 consecutive pa-. 


tients with proven Zollinger—Ellison syndrome (ZES), involving 
surgical exploration with the goal of removing the gastrinoma 
after an extensive protocol to localize the tumor. Each patient 
underwent ultrasound, computed tomography (CT) with oral/ 
intravenous (IV) contrast, and selective arteriography. Eighteen 
patients had metastatic disease identified by imaging studies and 
confirmed by percutaneous biopsies, and two patients had mul- 
tiple endocrine neoplasia type I (MEN-I) with negative imaging 
studies; therefore, these 20 patients did not undergo laparotomy. 
Each of the remaining 32 patients (3 with MEN-I and positive 
imaging studies) underwent laparotomy, and gastrinomas were 
removed in 20 patients. Preoperative ultrasound localized tumors 
in 20% of patients, CT in 40%, arteriography in 60%, and any 
of the modalities in 70% of patients. Infusion CT and arteriog- 
raphy were 100% specific. In 18 patients with either negative 
imaging (17) or false-positive imaging (1 ultrasound), gastrino- 
mas were found and removed in six patients (33%). Twenty-four 
gastrinomas were found in 20 patients at laparotomy: eight in 
lymph nodes around the pancreatic head, four in the pancreatic 
head, one in the pancreatic body, three in the pancreatic tail, 
three in the pyloric channel, one in the duodenal wall, two in the 
jejunum at the ligament of Treitz, one in the ovary, and multiple 
liver metastases in one patient. If one excludes patients with 
MEN -I or liver metastatic disease, 12/28 (43%) of patients were 
biochemically “cured” immediately after operation. This result 
decreased to 7/23 (30%) with greater than 6 months follow-up. 
No patients with gastrinomas resected have developed recurrent 
gastrinoma on follow-up imaging studies (longest follow-up: 4 
years). This study indicates that 95% of metastatic gastrinoma 
can be diagnosed before operation and that, by a combination of 
careful imaging studies and thorough exploration at surgery, 30% 
of patients with gastrinomas may be curable. 


N 1954, ZOLLINGER AND ELLISON first described a 
syndrome associated with severe peptic ulcer diath- 
esis and pancreatic tumors.’ The syndrome would 

later bear their name, and their initial treatment, total 
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gastrectomy, is still believed by some to be the treatment 
of choice.” However, the ability to control the acid hy- 
persecretion medically initially with cimetidine’ and now 
with more potent H, antagonists* and drugs with different 
mechanisms like omeprazole? has in our experience elim- 
inated the need for total gastrectomy or any other oper- 
ation to reduce acid output. 

With improved ability to diagnose Zollinger—Ellison 
syndrome (ZES) and widespread effective means to 
control gastric acid hypersecretion either by drug 
management*” or total gastrectomy,’ it is apparent that 
the natural history of the malignant gastrinoma has be- 
come the most important determinant of long-term sur- 
vival of patients with ZES. It is believed that 90% of gas- 
trinomas are malignant,° and Zollinger has shown that 
patients with metastatic disease have a 5-year survival rate 
of 42%.’ In addition, preliminary reports suggested that 
surgical removal of the gastrinoma was possible in a 
greater number of patients than previously reported*’ and 
that newer preoperative localization studies such as trans- 
hepatic sampling of the portal venous tributaries for gas- 
trin might further assist in localization.'°'' Based on these 
observations, in 1982 we instituted a prospective study of 
the ability to localize and resect gastrinomas for cure of 
patients with ZES. We reported our initial results on the 
first seven patients in this study previously.'? We now 
present data on 52 consecutive patients with ZES who 
underwent localization studies, of whom 32 subsequently 
underwent laparotomy, while 20 patients were not sub- 
jected to laparotomy because of either metastatic disease 
or Multiple Endocrine Neoplasia-] (MEN-I) without gas- 
trinoma detectable before operation (N = 2). This paper. 
reports the largest series of patients with ZES in whom 
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the goal of surgical therapy is not total gastrectomy but 
tumor resection for potential cure. 


Materials and Methods 


Fifty-two consecutive patients referred to the National 
Institutes of Health from 1982 to the present with a di- 
agnosis of ZES were studied in a prospective manner ac- 
cording to an approved protocol. The diagnosis of ZES 
was initially confirmed in all patients by performing the 
following studies: measurement of fasting serum gastrin 
concentration by radioimmunoassay (Bioscience Labo- 
ratories, New York, NY, using Walsh gastrin antibody 
No. 1611 (lot 4A), which recognizes gastrin-17 and gastrin- 
34 equally), secretin and calcium provocative testing per- 
formed as outlined previously," and basal and penta- 
gastrin stimulated maximal acid output in the absence of 
antisecretory medication, as described previously.™!6 

ZES was established biochemically by the following 
criteria: fasting serum gastrin concentration greater than 
100 pg/ml; basal acid output greater than or equal to 15 
mEq/h if the patient had had no previous gastric surgery, 
or greater than 5 mEq/h if the patient had had prior gastric 
surgery. An abnormal secretin test was defined as an in- 
crease in serum gastrin concentration of greater than 200 
pg/ml following the intravenous (IV) administration of 2 
U/kg of GIH secretin.!? Abnormal calcium infusion test 
was defined as an increase in serum gastrin concentration 
greater than 395 pg/ml following the infusion of 5 mg/kg 
elemental calcium per hour for 3 hours.'* All patients had 
at least two of four described criteria. 

The antisecretory drug dosage requirement was that 
amount of antisecretory medication necessary to suppress 
gastric acid secretion to <10 mEg/h in the final hour prior 
to the next scheduled dosage determined as described pre- 
viously.>!6 If the patient had prior gastric acid reduction 
surgery, then the amount of antisecretory medication to 
suppress acid output to <5 mEq/h was given. A dose of 
antisecretory medication to control gastric acid output as 
outlined above was achieved in all patients. 

All patients (N = 52) underwent upper gastrointestinal 
(GI) series, upper GI tract endoscopy, computed tomog- 
raphy (CT) of the abdomen with and without intravenous 
contrast, abdominal ultrasonography, and selective he- 
patic, gastroduodenal, splenic, and superior mestenteric 
arteriography.*!7-!9 All imaging studies were read pro- 
spectively by one radiologist (JLD). The results were 
available to the operating surgeon. Sensitivity, specificity, 
positive predictive value, and negative predictive value 
were calculated” for the results of ultrasound, CT, selec- 
tive arteriography, and all imaging studies combined. 
Histologically proven gastrinoma from exploratory lap- 


<1 arotomy or percutaneous guided biopsy served as the 
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standard of reference. Patients with metastases that could 
be biopsied percutaneously or laparoscopically (N = 18) 
were excluded. Patients with multiple endocrine neoplasia 
type I (MEN-I) without tumor present on imaging studies 
(N = 2) were not explored. All remaining patients (N 
= 32) underwent percutaneous transhepatic venous sam- 
pling of the portal vein and its tributaries for gastrin prior 
to surgery. The method and results of portal venous sam- 
pling has been previously reported.”! 

All investigations were performed at the National In- 
stitutes of Health (NIH), and the first six patients under- 
went exploration at Walter Reed Army Medical Center 
by one surgeon (JWH). The remaining 26 patients un- 
derwent exploration at NIH by another surgeon (JAN). 
At laparotomy the liver, pelvis, small intestine, pancreas, 
stomach, duodenum, mesenteric, and retroperitoneal re- 
gions in the upper abdomen were carefully explored. The 
pancreas was examined visually and by careful palpation; 
the pancreatic head was inspected after an extended 
Kocher maneuver; the pancreatic body and tail were in- 
spected by opening the lesser sac along the avascular plane 
of the transverse colon, and the inferior border of the 
pancreas was dissected free so the body and tail could be 
palpated between two fingers. The entire duodenum was 
carefully palpated, and any suspicious nodule in the wall 
was better exposed by opening the duodenum. The same 
extensive search was made regardless of the preoperative 
localization information or the operative findings. Any 
suspicious pancreatic, stomach, duodenal, bowel, or peri- 
pancreatic nodule or lymph node was removed for patho- 
logic examination. In the bowel or stomach wall, a sus- 
pected tumor was excised with a full thickness rim of 
normal gut around the tumor. In the pancreatic head or 
adjacent lymph node areas, suspected tumors were enu- 
cleated. In the pancreatic tail, the distal pancreas and 
spleen were resected, except in one patient with MEN-] 
in whom the tumor was enucleated. In the one ovarian 
cyst adenocarcinoma that was producing gastrin, a total 
abdominal hysterectomy and bilateral salpingo-oopho- 
rectomy was performed. If a gastrinoma was not located, 
no gastric resection was performed. 

After surgery, all patients underwent fasting gastrin de- 
termination and secretin-provocative testing prior to dis- 
charge and were discharged on their preoperative antise- 
cretory medication. Patients were re-evaluated at 3 
months after operation and then yearly. If a gastrinoma 
was removed, a complete re-evaluation was performed at 
each follow-up visit, including biochemical testing and 
imaging (ultrasound, CT, arteriogram). Our criteria for 
“cure” of ZES include: (1) normal fasting serum gastrin 
(<100 pg/ml), (2) less than 200 pg/ml nse in serum gastrin 
following the administration of secretin, and (3) no evi- 
dence of tumor on follow-up imaging studies. 
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TABLE 1. Characteristics of 32 Patients with ZES Who 
Were Explored for Gastrinoma 


Symptoms Number of 
Patient Age (Years)/ Previous Gastric 
Number Sex PUD Diarrhea MEN-I Operations 

l 51/M + + N 0 

2 59/M + + _¥ 0 

3 36/M + + N 0 

4 46/F ~ + N 9 

5 35/M + + N g 

6 31/F + + N 0 

7 56/F + ~ N 0 

8 44/M + + N I 

9 38/M + + N 0 
10 66/M “= iaa N I 
li 47/F ~= + N 9 
12 63/M + + N I 
13 55/M + + N 0 
14 23/M + + Y 0 
15 55/M + -- N 0 
16 49/M + + N 0 
17 40/M ~ + N 0 
18 42/M + — N 0 
19 58/M + + N (} 
20 50/F + + N 2 
2i 38/M + — N j 
22 54/F + + N 0 
23 35/M + — N 0 
24 57/M + + N i 
25 54/F = + N 0 
26 29/F + + N 0 
27 49/M + + N J 
28 59/M + + N 2 
29 62/M + + Y 2 
30 36/M + + N 0 
31 61/M + + N l 
32 53/F + + N 0 





PUD = peptic ulcer disease; MEN-I = multiple endocrine neoplasia type I; N 
= no; Y = yes. 

As outlined in methods, all patients were initially considered for surgery, but 
patients with metastatic disease on imaging or MEN-I without localized tumor on 
imaging did not undergo laparotomy and their characteristics are not included in 
the table (N = 20). 


Results 
Clinical Characteristics 


The clinical characteristics of the 32 patients who un- 
derwent exploratory laparotomy for ZES are listed in Ta- 
ble 1. Men predominated, being 72% of the total. The 
mean age was 48 years with a range between 23 and 66 
years. Nearly all the patients (84%) had symptoms of pep- 
tic ulcer disease and indigestion, or diarrhea, or both. Pa- 
tients with MEN-I were prospectively excluded unless they 
had positive imaging studies; thus, only three patients (9%) 
had MEN-I. Thirty-one per cent had prior gastric pro- 
cedures, and three patients had had two prior procedures. 
The clinical characteristics of the 18 patients with de- 
monstrable metastatic disease and the two MEN-I patients 
without demonstrable disease who were not explored were 
similar to those of the operated patients listed in Table 1. 
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Biochemical Diagnosis 


The data necessary to establish biochemically the un- 
equivocal diagnosis of ZES in the 32 operated patients 
are listed in Table 2. All 32 patients had an elevated basal 
acid output and an elevated fasting serum gastrin level. 
All but four patients had a basal acid output/maximum 
acid output greater than 0.6. All but one patient had an 
increase in serum gastrin level greater than 200 pg/ml 
following the intravenous administration of secretin, and 
that patient had a marked elevation in basal serum gastrin 
concentration and acid output consistent with ZES. Pro- 
vocative testing with calcium was the least reliable test to 
discriminate ZES because ten patients did not increase 
their basal gastrin level greater than 395 pg/ml following 
the infusion of calcium. These studies, namely the elevated 
gastrin level and basal acid output (as well as the abnormal 
secretin test in 31 patients), biochemically established the 
diagnosis of ZES in all 32 operated patients. The 20 pa- 
tients who were not explored all had values similar to 
those of the operated patients (data not shown). 


Localization Tests 


The results of all preoperative localization tests are given 
in Table 3 and Figure 1. Of the 20 patients with gastri- 
nomas found, ultrasound was positive in 20%, CT in 40%, 
angiography in 60%, and any of the modalities in 70% 
(Fig. 1). Of the three imaging studies, only ultrasound 
gave a false-positive result (Fig. 1). Ultrasound was the 
least sensitive, infusion CT intermediate, and selective 
arteriography was the most sensitive single test at imaging 
tumors that were found at laparotomy. However, the 
combination of all three studies was more sensitive than 
any one study alone (Table 3, Fig. 1). In general, all im- 
aging studies were very specific, especially CT and arte- 
riogram, which were 100% specific (Table 3). Ultrasound 
was the least specific but was still 92%. The positive pre- 
dictive value for all imaging studies was very good (80% 
for ultrasound and 100% for the other two); this means 
that, if a single study imaged the tumor, there was a high 
likelihood that the imaged tumor would be found. How- 
ever, all of the localization tests had a fair-negative pre- 
dictive value, meaning that even when all of the imaging 
studies were negative, a gastrinoma was found at explo- 
ration 33% of the time (Table 3). 

Table 4 examines the ability of imaging studies to de- 
termine before operation the location and extent of gas- 
trinoma in all 52 patients who presented with ZES. In 18 
patients, the preoperative imaging detected liver metas- 
tases, and percutaneous biopsies confirmed the presence 
of liver metastases in all 18. Only one of 32 patients was 
found to have liver metastases at exploratory laparotomy 


when the preoperative imaging predicted that no liver ` 


metastases would be found. Therefore, preoperative im- 
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TABLE 2. Biochemical Diagnosis of ZES in 32 Patients Prior to Exploratory Laparotomy 


BAO Basal Gastrin 
Patient Number (mEq/h) BAO/MAO (pg/ml) 
l 48 0.92 3999 
2 53 0.88 822 
3 a 0.82 613 
4 61 0.94 1994 
5 47 0.67 331 
6 30 0.90 1131 
7 28 0.64 325 
8 159 1.0 756 
9 24 0.57 487 
10 10 0.53 5650 
1} 62 0.98 7000 
12 56 1.0 917 
13 28 0.35 211 
14 44 0.57 748 
15 26 0.61 324 
16 55 0.63 390 
17 49 0.83 373 
18 40 0.61 113 
19 53 0.94 395 
20 82 1,00 1139 
21 32 0.62 459 
22 76 1.00 5057 
23 36 0.92 460 
24 36 0,76 1197 
25 37 1.00 864 
26 42 0.52 436 
27 42 0.61 195 
28 83 0.80 360 
29 23 0.96 2000 
30 66 0.68 64] 
31 8 0.73 618 
32 25 0.80 268 
X + SEM 485 0.77 + .03 1258 + 302 
Normal levels <15 mEq/h (no prior gastric surgery) <0.6 <100 


<5 mEq/h (prior gastric surgery) 


BAO = basal acid output; MAO = maximal acid output; basal gas- 
trin = fasting gastrin concentration; A secretin = increase in serum gastrin 
concentration over basal after intravenous secretin (2 U/kg); A cal- 
cium = increase in serum calcum over basal after intravenous calcium 
infusion as outlined in methods. 


aging studies correctly localized 18/19 patients with liver 
metastases. In the 20 patients with gastrinomas found at 
exploration, 14 had positive preoperative imaging and all 
14 were located as radiographically predicted. However, 
17 patients had completely negative preoperative imaging 
studies, and one patient (#26, Table 5) had a false-positive 
preoperative ultrasound; thus, 18 patients had incorrect 
imaging before operation, and tumor was found in six. 
Two patients with MEN-I and negative imaging were not 
explored. Therefore, considering that all 52 patients had 
ZES on admission, imaging studies correctly imaged 32/ 
52 (62%) before operation, and exploratory laparotomy 
added six additional patients. Therefore, gastrinoma was 
proved histologically in 38/52 (73%) patients. 


Tumor Location 


Figure 2 diagrams the exact location of 24 gastrinomas 
found in 20 of 32 patients who underwent laparotomy. 


A Secretin 
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As outlined in methods, all patients were initially considered for sur- 
gery, but patients with metastatic disease on imaging or MEN-I without 
localized tumor on imaging did not undergo laparotomy. Their bio- 
chemical results are similar to those of the operated group, but the data 
for the unoperated group (N = 20) are not shown in the table. 


One patient (#22, Table 5) was identified to have liver 
metastases that were too numerous to count; that patient 
also had a primary tumor in the pancreatic head. The 


TABLE 3. Results of Localization Studies in 32 Patients with ZES 
Who Underwent Laparotomy 








Selective All 
Ultrasound Infusion Arteriography Imaging 
(%) CT (%) (%) (%) 
Sensitivity 21 40 60 fi 
Specificity 92 100 100 92 
Positive 
predictive 
value 80 100 100 93 
Negative 
predictive 


value 44 50 60 67 
All numbers shown are percentages. Sensitivity, specificity, and positive 
and negative predictive value are calculated as outlined in methods. 
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Fic. |. Results of various imaging studies in patients with and without 
gastrinomas found. N refers to the number of patients with indicated 
surgical result who had a positive result on the indicated imaging test. 


patient with liver metastases only had biopsy confirmation 
of the diagnosis; all other patients had all gross tumor 
resected, and three additional patients had more than one 
tumor. One patient with MEN-I had a pancreatic head 
primary and adjacent lymph node metastases (#29, Table 
5), and two patients had two gastrinomas in lymph nodes 
around the pancreatic head without obvious primary tu- 
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Fic, 2. Location of gastrinomas found. Twenty-four gastrinomas were 
found in 20 patients, and the location of each 1s indicated. 


mors (#8 and 10, Table 5). Only one of four patients who 
had more than one gastrinoma (#10, Table 5) is biochem- 
ically “cured” with short follow-up. 

Three tumors were found in the wall of the pyloric 
canal and one in the duodenal wall (#5, 17, 18, 21, Fig. 
2, Table 5). These tumors were all less than | cm in largest 
dimension and were all excised with some normal full- 
thickness gut wall around the tumor. Follow-up of these 
patients indicates that only one patient is cured at 35 
months (#5), while one patient has a normal gastrin but 
a positive secretin test at 19 months (#18). 

Eight gastrinomas in seven patients were found in 
lymph nodes around the pancreatic head and duodenum 
(#2, 6, 8, 10, 11, 19, 29, Fig. 2, Table 5). This was the 
most commen location for gastrinomas in this series. Four 
of seven patients were cured at 30, 6, 7, and 19 months. 

Four patients were found to have pancreatic head tu- 
mors, and three of four had their gastrinomas enucleated 
(#1, 29, 30); two patients (#1, 30) are “cured” at 40 and 
6 months’ follow-up. One of the patients (#30) had a 6 
cm tumor in the pancreatic head, which was easily enu- 


TABLE 4. Ability to Localize and Determine before Operation the Extent of Gastrinoma in All Patients with ZES 











Total Metastatic Gastrinoma No Metastases Positive Negative 
# Patients On Imaging On Imaging Preoperative Imaging Preoperative Imaging Total 
52 18/18 (100%) 1/32* (3%) 14/14 (100%) 6/18 (33%) 38/52 (73%) 


result of imaging studies. 
* Two patients with MEN-I had negative imaging and did not undergo 
exploration or percutaneous biopsies. 


Numerator refers to the number of patients with proven tumor either 
evaluated at surgery (N = 32) or by image-directed percutaneous biopsy 
(N = 18), and denominator is the number of patients with the indicated 


af 
+ 
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TABLE 5. Preoperative Imaging Studies and Operative Course in Patients with Gastrinomas Found at Laparotomy 
Combined 
Patient Imaging Operation 
Number Localization Tumor Location and Size Done Follow-up 
1 PH 0.7 cm PH Excision “Cure” at 40 mo 
2 PH 2 cm PH (LN) Excision BD 
5 NEG 0.5 cm tymor duodenal wall Excision “Cure” at 35 mo 
6 PH 1 cm PH (LN) ` Excision “Cure” at 30 mo 
8 _ PH 1.5 cm PH (LN) Excision BD 
0.8 cm PH (LN) i 
10 PB 3 cm Ligament of Treitz Excision “Cure” at 6 mo 
1 cm PH (LN) ' 
11 PH 3 cm PH (LN) Excision “Cure” at 7 mo 
14 PT PT2cm , Excision BD 
17 NEG 0.6 cm pyloric canal Excision BD . 
18 NEG 0.4 cm pyloric canal Excision + secretin; normal gastrin at 19 mo 
19 PH i cm tumor PH duodenal wall (LN) Excision “Cure” at 19 mo 
21 PH 0.6 cm tumor pyloric canal Excision BD 
22 PH Liyer mets Biopsy Progressive liver mets 
5 cm tumer PH 
23 NEG 0.5 cm tumor jejunum wall Excjsion Negative secretin; abnormal basal 
Ligament of Treitz l gastrin at 3 mo 
25 OVARY R ovarian cancer (gastrinoma) TAH BSO “Cure” at 3 mo 
26 PB* 1.5 cm tumor PT Distal pancreas Normal gastrin; positive secretin 6 mo 
29 PH 1.5 cm tumor PH Excision BD 
0.5 cm PH (LN) 
30 PH i 6 cm tumor PH Excision “Cure” at 6 mo 
31 PT 2.5 cm tumor PT Distal pancreas “Cure” after operation 
32 NEG 2.5 cm tumor PT Distal pancreas “Cure” after operation 





This table includes only patients in whom gastrinomas were found at 
laparotomy. Twelve patients with biochemical evidence for ZES under- 
went laparotomy but no tumors were found. Their biochemical param- 
eters did not change following laparotomy. 

' PH = pancreatic head; PB = pancreatic body, PT = pancreatic tail; 
LN =lymph node; Neg=negative; R= right, Mets = metastases; 
BD = biochemical disease only (no tumor on imaging studies); Secre- 


cleated, and that patient remains “cured” at 6 months. 
Two patients presented with tumors in the jejunal wall 
around the ligament of Treitz (#10, 23); one was subse- 
quently “cured” (#10), and one had slightly elevated basal 
gastrin level but negative secretin test (#23). 

Patients who were found to have distal pancreatic body 
or tail lesions had resections, except for one patient with 
MEN-I who had an enucleation (#14). The others (#26, 
31, 32) all had large tumors 1.5-2.5 cm in greatest di- 
mension and underwent distal pancreatectomy and sple- 
nectomy. All three appeared “cured” at initial postoper- 
ative testing, but one (#26) has developed a positive se- 
cretin test at 6 months’ follow-up. The solitary patient 
with a large primary right ovarian gastrinoma (#25) un- 
derwent total abdominal hysterectomy and bilateral sal- 
pingo-oophorectomy and appeared “cured” at 3 months’ 
follow-up. 


“Cure” Rate and Follow-Up 


If one examines the ability to “cure” these patients, as 


-f defined in the methods, the results appear to change with 


length of follow-up. Of the 32 operated patients, tumors 


tin = positive or negative refers to the results of postoperative secretin 
test as defined in methods. Normal or elevated fasting gastrin refers to 
whether after operation fasting gastrin concentrations were in the normal 
range (<100 pg/ml). “Cure” is used as defined in methods, i.e, indicating 
normal fasting gastrin concentration and negative secretin test at the 
follow-up time indicated. 

* This localization was a false-positive. 


were found in 20 patients; and in 12 patients with identical 
biochemical ZES, no tumors were identified at laparot- 
omy. Postoperative follow-up of these 12 patients without 
gastrinoma resections showed that basal gastrin levels, in- 
crement in gastrin concentration following secretin ad- 
ministration, and basal acid output all remained un- 
changed. However, no patient in whom laparotomy did 
not find tumor had subsequently developed detectable 
gastrinoma on sequential imaging studies, and the max- 
imum follow-up was 4 years after operation. Of the 20 
patients with tumors found at laparotomy, 14 patients 
subsequently had normal basal gastrin and/or normal se- 
cretin test results immediately after surgery (Fig. 3). of 
these 14, 12 were believed to be “cured”: that is, they had 
normal basal gastrin and secretin tests and were without 
tumor on imaging studies. Patients 8 and 11 had initial 
abnormal secretin tests (Fig. 3). Interestingly, in one pa- 
tient (#8), secretin test remained abnormal with subse- 
quent follow-up, and, at 2 years after operation, his basal 
gastrin level became elevated (Fig. 3). In çontrast, patient 
#11, who had both abnormal secretin test and elevated 
basal gastrin leyels immediately after operation, subse- 
quently developed normal levels (Fig. 3). Long-term fol- 
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FIG. 3. Fasting Serum gastrin concentrations and secretin test results before and after operation in all patients in whom gastrinomas were resected 
and basal gastrin and/or secretin test subsequently became normal. Number indicates patient number in Tables 1, 2, and 5. Time is in months after 
operation. Dotted line indicates the upper limit of the normal response, which is 100 pe/mi for fasting gastrin and less than 200 pg/ml for secretin 
test. Patients were evaluated before and immediately after operation (<1 mo), ‘at 1-6 months, and then yearly, as indicated in methods. 


low-up will be essential because two patients (#18 and up will be necessary, as it appears that some patients will 
26) have developed abnormal secretin tests, but both still develop biochemically documentable recurrent disease 
have normal basal gastrin levels and no detectable disease with time (Fig. 3). 

at 12 and 6 months, respectively. No patient who had 


tumor resected at laparotomy has subsequently developed Discussion 
recurrent gastrinoma detectable by imaginp, including CT, 
ultrasound, and arteriogram. The management of patients with ZES is evolving. The 


In the operated patients, if we exclude the four patients introduction of cimetidine,’ ranitidine,'® famotidine,” 
with MEN-I or proven metastatic gastrinoma to the liver, and subsequently omeprazole’ has changed the role of 
the “cure” rate immediately after operation is 43%, and surgery in the management of these patients.”'** In the 
it appears to decrease with longer follow-up to 30% ata past, total gastrectomy was the procedure of choice to 
mean 2-year point (Table 6). Careful continued fllow- control the gastric acid output, but potent antisecretory 


TABLE 6. “Cure” Rate 


Time Postoperative No. Patients Who 
Patients Excluding MEN-I and Patients with pe a Subsequently Have Developed 
Metastatic Liver Disease Gastrinomas Found Immediate 3 Mo >6 mo* Tumor i in Imaging Studies 
28 17 12/28 (43%) 9/26 (35%) 7/23 (30%) 0 
* X = 20 mo. patients with either metastatic gastrinoma to the liver (N = 1, patient 
“Cure” is used as defined in methods, i.e., indicating normal fasting 13, Table 5) or MEN-I (N = 3, patients 2, 14, 29, Table 1) were excluded. ~ 
gastrin concentration and negative secretin test at the follow-up time MEN-I = multiple endocrine neoplasia type 1; immediate = within 2 


indicated. Exploratory laparotomy was done in 32 patients and the four weeks after operation. 
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medications have eliminated the need for this procedure. 
Fifty-seven per cent of patients with ZES who had a total 
gastrectomy subsequently died of tumor progression.°4 
Zollinger and Ellison have documented that 60% of pa- 
tients with ZES will develop liver metastases and that the 
5-year survival of patients with liver metastases and lymph 
node metastases is 42%. Our own results indicate that 5- 
year survival of patients with extensive metastatic disease 
is only 20%.*° 

Given this clear potential for metastatic disease and 
tumor progression in patients with ZES, we considered 
the potential role of surgical exploration in patients with 
minimal disease and biochemical documentation of ZES. 
The early diagnosis of medullary thyroid carcinoma 
(MCT) in patients from kindreds with MEN-II by pro- 
vocative testing with calcium and/or pentagastrin and 
measurement of calcitonin” has led to early detection of 
microscopic cancer localized to the thyroid gland, which 
is curable by total thyroidectomy.” Patients with ZES 
have a specific circulating serum marker for the disease, 
gastrin. In addition, the response to secretin is specific 
and leads to a diagnosis with minimal, potentially surgi- 
cally curable, disease. In this study, all patients in the 
operated group had an elevated serum gastrin concentra- 
tion, and all but one (#30, Table 2) had an abnormal 
response to secretin. 

Potential difficulties with an aggressive surgical explo- 
ration for cure of patients with ZES have been de- 
scribed.” ? The gastrinomas are not always in the pancreas 
or any single location so that a simple resection like thy- 
roidectomy for MCT is not possible. The morbidity and 
possible mortality of pancreaticoduodenectomy (Whipple 
procedure) or total pancreatectomy is too great for ZES 
patients who have relatively low-grade, slower-growing, 
possibly benign tumors. Since gastrinomas are often mul- 
tiple in the pancreas or in lymph nodes, resection of one 
tumor does not cure the patient. Gastrinomas can occur 
as metastases to the liver or lymph nodes at the time of 
detection. Interestingly, patients with ZES have been bio- 
chemically “cured” despite having apparently metastatic 
liver gastrinomas,”° and lymph node gastrinomas without 
finding any other primary tumor.®” The biggest problem 
in potential gastrinoma resection appears to be inability 
to find the gastrinoma. In a recent series, approximately 
34-40% of patients with biochemical ZES did not have a 
gastrinoma found at laparotomy.’ In our study, 38/52 
(73%) patients with ZES had gastrinomas found and 
proven histologically either by imaging studies for patients 
with metastatic disease or laparotomy for patients with 
localized disease. This means that 27% of patients with 
biochemically proven ZES did not have gastrinomas 
found, despite preoperative transhepatic portal venous 
sampling, other invasive localization studies, and careful 
exploration. Scarring from previous abdominal surgery 
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or total gastrectomy was not a major problem in this series 
because no patient had total gastrectomy and only 31% 
of our patients had prior gastric procedures. 

In patients with MEN-I, the pancreatic islet cell tumors 
including gastrinoma are always multiple. A careful ex- 
amination of the resected pancreas in patients with ZES 
and MEN-I°? showed that multiple tumors producing 
multiple, different hormones verified immunochisto- 
chemically were present in every patient. In addition, in 
almost all series, patients with ZES and MEN-I have not 
been biochemically cured by simple excision of gastri- 
nomas.?2® However, careful follow-up of these patients 
indicates that the pancreatic islet cell tumors are some- 
times as malignant as gastrinomas in sporadic patients.” 
Patients with ZES and MEN-I may die from metastatic 
gastrinoma. Therefore, in patients with ZES and 
MEN-I, we only explore surgically when imaging studies 
localize a specific tumor mass. Our rationale for removing 
the tumor mass is solely the malignant potential of the 
tumor, We do not expect (nor have we) biochemically 
cured these patients; that is why we excluded them from 
our “cure” statistics. 

A preoperative imaging test that correctly predicted the 
location of the gastrinoma would assist the surgeon in 
finding the gastrinoma at surgery. Localization by imaging 
studies, especially selective arteriography, and infusion 
CT scanning was an extremely reliable predictor of sur- 
gical results, with a positive predictive value of 100%. In 
contrast, in recent studies of selective venous sampling 
for gastrin by some,'°!'?! but not others,*°?! it was fre- 
quently positive when no tumor was found. 

A preoperative localization study capable of consis- 
tently predicting a negative exploratory laparotomy would 
be highly valuable to identify patients who should not be 
explored for gastrinoma. Imaging studies like infusion CT 
and selective arteriogram had a high specificity (100%), 
but they both had a relatively low-negative predictive value 
(50% and 60%, respectively). Similar results were reported 
by Roche et al.” for selective venous sampling of gastrin 
in that 44% of patients with a gastrin gradient of more 
than 50% had no gastrinoma found by the surgeon at 
laparotomy. The failure of the surgeon to find a gastri- 
noma does not mean that selective venous sampling is 
yielding a large number of false-positive localizations, be- 
cause, when Roche et al. performed blind pancreaticodu- 
odenectomies, small, microscopic gastrinomas were found 
by pathologists in all cases.°° This resection had a high 
morbidity and an operative mortality of 37%. In a recent 
study, no patient with ZES who had a negative laparotomy 
died from tumor progression when followed for up to 8.5 
years after operation.” Therefore, with the increased abil- 
ity to control gastric acid secretion medically* and excel- 
lent long-term prognosis,” pancreaticoduodenectomy is 
contraindicated. 
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Imaging studies, especially infusion CT scanning and 
selective arteriography, were able correctly to identify 70% 
of extrahepatic gastrinomas, which were subsequently 
found at exploratory surgery. In addition, selective arte- 
rogram was able to identify 95% of liver metastatic dis- 
ease, and all of these patients were saved a laparotomy to 
make the diagnosis because they were all biopsied suc- 
cessfully percutaneously or with a laparoscope. Only one 
patient was subsequently found at laparotomy to have 
unsuspected multiple liver metastases. Finally, the high 
specificity (100% for both infusion CT and selective ar- 
teriography) allowed us to tell our patients with certainty 
that gastrinoma would be found in patients with positive 
studies. We did not depend on preoperative abdominal 
ultrasound. It was the least sensitive and had one false- 
positive (patient #26, Table 5). If we had to choose a study 
to delete, we would not perform abdominal ultrasound. 

What about the patients with negative imaging studies? 
There were 18 patients with negative imaging studies, and 
in Six patients gastrinomas were subsequently found and 
removed. Four of six of these patients had very small tu- 
mors approximately 5 mm in size, and all were located 
in stomach, duodenum, or jejunal wall. These tumors 
were not visible at exploration and were only detectable 
by careful palpation of these areas. The small size of these 
tumors and the ability to excise them with normal gut 
wall around them gave us the hope that a high proportion 
of these patients would be “cured.” In fact, only one pa- 
tient was “cured” (#5); however, two others (#18, 23) have 
equivocal results, with abnormal secretin tests but a nor- 
mal fasting gastrin, and normal secretin tests but abnormal 
fasting gastrin, respectively. Two patients with negative 
imaging are most worrisome (#26, 32, Table 5); both had 
large tumors in the pancreatic tail at the hilum of the 
spleen. Both patients had histologic features consistent 
with malignant primary gastrinoma. One patient (#32) 
had vascular and perineural invasion of gastrinoma with 
extension outside the pancreas into surrounding tissue; 
the other patient #26 had extrapancreatic invasion into 
the spleen itself. In patients with negative imaging, four 
specific areas appear to be the main possible locations for 
tumors: the stomach, duodenal or jejunal wall, and the 
pancreatic tail. We recommend laparotomy for patients 
without gastrinomas identified on imaging studies, be- 
cause large, malignant tumors were missed on two oc- 
casions and smaller extrapancreatic tumors capable of 
curative resection were also removed. 

The location of gastrinomas resected at laparotomy is 
illustrated in Figure 2. Stabile et al. have recently identified 
the gastrinoma triangle as an area in which tumors can 
be found and potentially removed for cure.’ This is in 
contrast to the original descriptions of Zollinger et al.,°’ 
in which they stated that gastrinomas in the pancreas were 
in a head:body:tail distribution of 4:1:4.’ The anatomic 
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gastrinoma triangle was defined by the junction of the 
cystic and common duct superiorly, the junction of the 
second and third portions of the duodenum inferiorly, 
and the junction of the neck and body of the pancreas 
medially, in other words, the area around the pancreatic 
head. Stabile et al. reported that in 89% of the 32 patients 
in whom gastrinomas were found, the tumors were located 
within the confines of this anatomic triangle.” In addition, 
in five patients who were thought to be cured, the tumor 
was in the anatomic triangle. In our experience, gastri- 
nomas were found in the gastrinoma triangle in 13/20 
(65%) of patients in whom tumors were found and nearly 
half of those patients have demonstrated biochemical 
“cure.” In patients with primary pancreatic tumors, the 
distribution is 4:1:3 (head:body:tail), nearly identical to 
the description in Zollinger’s experience. In the eight pa- 
tients with primary pancreatic tumors, five patients had 
biochemical cure on short-term follow-up, similar to the 
proportion “cured” with extrapancreatic gastrinoma. This 
is different from the results of Wolfe et al., which indicated 
that extrapancreatic, extraintestinal gastrinomas were 
cured more often than pancreatic gastrinomas.® In our 
series, the same percentage of patients who had gastrinoma 
in lymph nodes around the pancreatic head were cured 
as those who had intestinal or pancreatic gastrinomas. 
The ability to “cure” or totally arrest the malignant 
potential of gastrinomas in patients with ZES is the most 
important endpoint. Cure has usually been defined in 
other series as a return to normal basal serum gastrin 
levels. If we examine the ability of surgeons in previous 
series to resect gastrinoma and return basal serum gastrin 
levels to normal, we detect that in the five largest series, 
24/149 patients or 16% of patients with ZES were curable.’ 
However, in all of these series, the surgeon performed 
concomitant total gastrectomy on most patients, except 
for six patients in whom Deveney was able to resect gas- 
trinomas.’ Therefore, these series do not give a true es- 
timate of the possible cure rate by simple enucleation and 
in fact suggest that it would be much lower than 16%, 
because in many of the “cures” the gastrinomas were 
found only by the pathologist and not by the operating 
surgeon. Therefore, “cure” was serendipitous. Our strategy 
of performing no antiulcer procedure and concentrating 
solely on finding and resecting gastrinomas for cure has 
not been tried by any other group and has never before 
been performed in a true prospective study. Our initial 
report of the first seven patients indicated that in three of 
seven patients we were able to return both basal and se- 
cretin stimulated serum gastrin concentration to normal 
levels. This initial data suggested that “cure” may be 
achievable in 42% of ZES patients.'* Subsequently, we 
have explored 32 patients in the exact same manner, and, 


when we exclude three patients with MEN-I (who we and ™ 


others believe are not curable by tumor excision) and the 


Vol. 204 » No. 4 


one patient who was found to have liver metastases, we 
examine 28 patients who are potential candidates for sur- 
gical cure. Surgical cure is defined as normal basal gastrin 
concentration, a negative secretin test, and no detectable 
tumor on imaging studies. Immediately after operation, 
12/28 (43%) were found to meet criteria consistent with 
cure. This is identical to the number predicted (3/7) in 
our initial report.'* However, with increasing length of 
follow-up, true cures were fewer. Figure 3 indicates that 
secretin tests as well as basal gastrin levels must be fol- 
lowed, to accurately assess recurrent or persistent gastri- 
noma. One patient initially had both abnormal fasting 
gastrin and secretin response, which on longer follow-up 
became normal. However, several patients have subse- 
quently developed elevated basal gastrin levels and/or ab- 
normal gastrin response to secretin consistent with re- 
current gastrinoma. This is not surprising when one re- 
members the malignant nature and multifocal location 
of these tumors.” However, this recurrent disease phe- 
nomenon has not been clearly described previously, and 
it underscores the necessity for careful, long-term follow- 
up with both basal and provocative testing. Subsequent 
development of abnormal gastrin levels or abnormal se- 
cretin tests have limited detectable “cure” rates to 35% 
at 3 months after operation and 30% with long-term fol- 
low-up (mean: 22 months). Whether biochemical recur- 
rence will translate into aggressive metastatic or locally 
recurrent gastrinoma is not known, and in a recent study 
no patient with ZES who had a negative laparotomy died 
from tumor progression when followed up to 8.5 years 
after operation.“ We have not yet detected recurrent dis- 
ease or persistent tumor on imaging studies including CT 
and arteriogram when patients had either negative lapa- 
rotomy (12 patients) or all gastrinoma resected (19 pa- 
tients), with maximum follow-up greater than 4 years. 
The solitary patient who had liver metastatic disease at 
laparotomy has progressive disease on imaging studies. 

Despite the apparent usefulness of infusion CT and 
selective arteriography to image gastrinomas that were 
surgically resectable, it must be acknowledged that in the 
current series of 52 consecutive patients, surgical explo- 
ration remained the single most sensitive means of iden- 
tifying gastrinomas. Surgical exploration identified seven 
gastrinomas in locations that were not identified by the 
preoperative imaging studies including liver metastases 
in one patient, four gut wall tumors, and two pancreatic 
tail tumors. In addition, it appears that there may be a 
learning curve in operative identification of gastrinomas, 
as we have identified tumors in the Jast six consecutive 
patients (two patients too recent for inclusion in this re- 
port). 

In conclusion, this analysis of laparotomy and gastri- 


~ ROMA resection in 32 patients with ZES shows that im- 


aging studies, especially CT and arteriography, but not 
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ultrasound, are helpful in predicting the location and ex- 
tent of gastrinoma and should be done before operation 
on all patients with ZES. A negative imaging result should 
not be used to determine whether exploration should be 
done, because in 33% of patients, a gastrinoma will still 
be found at careful exploration. Exploration and gastri- 
noma resection can be performed with acceptable mor- 
bidity and no operative mortality. Long-term “cure” rate 
appears to decrease with time, but these results suggest 
that with our methods a long-term cure rate as high as 
30% may be possible. 
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Dr. STANLEY R. FRIESEN (Kansas City, Kansas): I want to applaud 
these authors for developing a prospective study, hoping to pick up those 
patients in whom tumor excision alone is the object of their study. Un- 
fortunately, this goal is going to exclude patients with hepatic metastases 
and those patients with multiple endocrine tumors of the genetic variety; 
but if it does find patients with localized tumor in the duodenum or in 
the nodes, then the study is worthwhile. 

In the last 10 years since I reported our results to this Association, we 
have also concentrated on those patients with isolated tumors and have 
found 16 patients now in the entire group: ten with duodenal gastrinomas 
and six with gastrinomas found only in the lymph nodes in whom excision 
is all we did. Eleven of these 16 patients were converted to a normal 
serum gastrin state. This is 69%. This means that 30 or 31% must have 
had unrecognized tumor or metastases coming on in the future as a 
recurrence. These recurrences are usually in patients with multiple en- 
docrine adenopathy, Type I. 

I have some concern about their finding that 41% (if I read the abstract 
correctly) had no tumor found at operation in spite of biochemical 
markers suggesting tumor gastrinoma. I am wondering if they are not 
overlooking another source of gastrin in those patients. 

(Slide) There are patients with elevated serum gastrin concentrations 
at rather high levels in whom tumor cannot be found but who have 
antral G cell hyperplasia that is producing their hypergastrinemia. These 
patients can be picked up before operation by demonstrating a normal 
secretin test response and by meal stimulation that produces an exag- 
gerated serum gastrin response. 

(Slide) I have had 28 patients in whom an antral source of gastrinemia 
has been found: you will notice that two of those patients had fasting 
serum gastrin concentrations up around 1000 pg/ml. You would expect 
them to have tumor gastrinomas ordinarily. They even had false-positive 
secretin tests before they came to me. When I repeated the tests, you 
can see that their secretin stimulation did not spike. At operation, no 
tumor was found, and in all 28 patients the gastrin levels came down to 
normal after surgical antrectomy with or without vagotomy. I think that 
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Dr. EDWARD PASSARO, JR. (Los Angeles, California): I greatly enjoyed 
this presentation because it is another step in the evolving saga of the 
gastrinoma. We have seen a disease, which was treated initially by total 
gastrectomy and subsequently managed by H2 blockers, that is now 
being cured, potentially, in about one third of its patients, by proper 
selection. We would agree with the authors that in carefully selected 
patients, ie., those without liver metastases and those without MEA, 
cure should be possible in no less than one third. 

Some time ago we described an area where we can find these tumors, 
and we emphasized that all lymph nodes in that area should be excised, 
hoping to find tumor within small lymph nodes. My questions to the 
authors are: How often have they found tumors within that area? What 
percentage in particular of the occult tumors was found within the area 
of the gastrinoma triangle, as we have elected to call it? And, in particular, 
how many cures were possible by excision of tumor within that area? 

I noticed that, overall, the localization tests they carried out were ef- 
fective in about 77% of the patients, and at operation they found about 
65% of the tumors (14 of 20). If that is the case, how many of those 
tumors were found by virtue of having the preoperative localization test 
done? I think that is really the crux of the problem. How many of those 
tumors would not have been found had the studies the authors carried 
out not been done? 


Dr. JAMES C. THOMPSON (Galveston, Texas): Even though this series 
of patients has largely been presented before, it is worthwhile listening. 
The authors have made important observations, as Drs. Passaro and 
Norton said. If we could actually cure the tumor, then we would be able 
to defuse both of the threats of this disease, one, the hypersecretory 
threat and the second, the threat of dying from neoplasia. 

The question is: Which gastrinomas can we cure? In our experience, 
which I believe is exactly parallel to the one in Gainesville, we have been 
able to cure only those gastrinomas that are both extrapancreatic and 
extra-Gl. 

Dr. Norton showed us several tumors (the excision of which led to 
normal gastrin levels) that were in the gastrointestinal tract alone. I have 
some concern about that, because we have some experience in which 


in those patients in whom a tumor is not found thus, one should do a 
vagotomy and antrectomy on the basis that they may have an antral 
source for their hypergastrinemia. 


excision of similar tumors has led to normal gastrin levels for a long. 
time, but to our great dismay, a year or more later, the gastrins returned * 
and evidence of tumor activity resumed. 
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In one of our patients we found the tumor in his liver. We did an 
extended right hepatic lobectomy; and his gastrin levels returned to nor- 


, mal. We followed him for more than a year and a half. He contracted 


a series of severe inféctions and died with a chlamydial pneumonia and 
at autopsy was found to our great surprise to have a small primary tumor 
in his pancreas. We had done a hemipancreatectomy at the original 
operation. He died with normal gastrin levels, but he did have a residual 
islet cell tumor. 

I would like to ask Dr. Norton about the length of follow-up in these 
patients, and how many of them in fact have shown evidence of increased 
gastrin production after having a long period of normal gastrin. 

The other problem I would like to address is the dismissal by these 
authors of the use of total gastrectomy in their introduction as an yp- 
to-date means of treating this syndrome. I would certainly agree that the 
drugs that are now available are absolutely marvelous. Omeprazole cari 
stop acid secretion in its tracks. However, the problem we have in our 
everyday patients, who live in Conroe and Dime Box, is that they will 
go home, leave the hovering care of their concerned gastroenterologist 
and us, and they will then stop taking their pills. We have problems with 
patient compliance. Since this is a cyclic disease, they often stop taking 
their pills and nothing happens: Thus, they stop taking their pills per- 
manently until they are then faced with the vicissitudes of another com- 
plication of the disease. For this reason, we have found that total gas- 
trectomy is an amazingly effective treatment because it removes the factor 
of patient compliance from the therapeutic equation. 

That has been our experience. I would suggest that these 52 patients 
who are’being seen by this wonderful group of concerned physicians at 
the National Institutes of Health may, in fact, when they return home 
and live in their ordinary environment, stop taking those wonderful 
pills, and, when they do, I suggest that some of them may get into trouble. 
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Dr. JEFFREY A. NORTON (Closing discussion): Specifically in response 
to Dr. Friesen, I think your result of 16 normal postoperative basal serum 
gastrin cases is the highest in the literature and one I would like to achieve. 

Approximately 30% of our pati¢nts did not have histologically proven 
tumor found in 'a combination of laparotomy and radiographic studies. 
These patients did have meal stimulation studies that were negative, and 
they all had positive secretin tests; thus, the biochemical diagnosis was 
still consistent with Zollinger—-Ellison syndrome. 

In response to Dr. Passaro, 65% of the gastrinomas were found in the 

triangle that you reported in the American Journal of Surgery. 
These patients did not have a higher cure rate than other patients. Most 
of these triangle tumors were very small. 

How many tumors would have been found without preoperative lo- 
calization? I was biased by the preoperative localization, and I knew the 
results and where to look. I think I would have fourid all the tumors 
without preoperative localization. There is a learning curve, and I am 
getting better at it. I have found tiimors in the last six consecutive patients. 

Dr. Thompson, we agree that we need long-term follow-up of these 
patients. There were three normal postoperative gastrin levels that in- 
creased with long-term follow-up, and this finding suggests recurrent 
disease. 

We do not totally dismiss total gastrectomy. We have demonstrated 
clearly that total gastrectomy is not necessary. We think that total gas- 
trectomy for the typical patient ig not indicated, because we can control 
ulcer disease medically. If one follows ZES patients very closely, one can 
control acid output with medication aloné. It requires not only seeing 
the patient but measuring acid output. Our gastroenterologists are com- 
mitted to this, They do it very well, and we have not had any problems 
related to ulcers in over 50 patients. Total gastrectomy is another ac- 
ceptable way to control the ulcer disease in patients with ZES. 
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Abdominoperineal resections for rectal carcinoma are being per- 
formed with decreasing frequency in favor of sphincter-saving 
resections. It remains, however, to be unequivocally demonstrated 
that sphincter preservation has not resulted in compromised local 
disease control, disease-free survival, and survival. Accordingly, 
it is the specific aim of this endeavor to compare local recurrence, 
disease-free survival, and survival in patients with Dukes’ B and 
C rectal cancer undergoing curative abdominoperineal resection 
or sphincter-saving resection. For the purpose of this study, 232 
patients undergoing abdominoperineal resection and 181 sub- 
jected to sphincter-saving resections were available for analysis 
from an NSABP randomized prospective clinical trial designed 
to ascertain the efficacy of adjuvant therapy in rectal carcinoma 
(protocol R-01). The mean time on study was 48 months, Anal- 
yses were carried out comparing the two operations according 
to Dukes’ class, the number of positive nodes, and tumor size. 
The only significant differences in disease-free survival and sur- 
vival were observed for the cohort characterized by >4 positive 
nodes and were in favor of patients treated with sphincter-saving 
resections. A patient undergoing sphincter-saving resection was 
0.62 times as likely to sustain a treatment failure as a similar 
patient undergoing abdominoperineal resection (p = 0.07) and 
0.49 times as likely to die (p = 0.02). The inability to demonstrate 
an attenuated disease-free survival and survival for patients 
treated with sphincter-saving resection was in spite of an in- 
creased incidence of local recurrence (anastomotic and pelvic) 
observed for the latter operation when compared to abdomino- 
perineal resection (13% vs. 5%). A similar analysis evaluating 
the length of margins of resection in patients undergoing sphinc- 
ter-preserving operations indicated that treatment failure and 
survival were not significantly different in patients whose distal 
resection margins were <2 cm, 2-2.9 cm, or =3 cm. If any trend 
was observed, it appeared that patients with smaller resection 
margins had a slightly prolonged survival (p = 0.10). This ob- 
servation was present in spite of the fact that local recurrence 
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as a first site of treatment failure was greater in the group with 
<2 cm than it was in the =3 cm category, 22% versus 12%. This 
increased local recurrence rate in the population with smaller 
margins was not translated into an increase in overall treatment 
failure and had absolutely no influence on survival. It is suggested 
that local recurrence serves as a marker of distant disease. Fur- 
ther, patients undergoing sphincter-saving resections fashioned 
with mechanical staples fared as well as those subjected to hand- 
sewn anastomoses. There were no imbalances between the groups 
for Dukes’ class, number of nodes, tumor size, preoperative car- 
cinoembryonic antigen, and type of adjuvant therapy. The data 
provide the first evidence from a randomized prospective clinical 
trial that sphincter-saving resection is not associated with an 
attenuated survivorship or an increased incidence of treatment 
failure and challenge the prognostic significance of the extent of 
margins of resection in rectal cancer. 


T IS A WELL-ESTABLISHED observation that the 
sphincter-saving resection for rectal cancer is being 
performed with increasing frequency and that this 

procedure has made significant inroads into what was once 
the exclusive domain of the abdominoperineal resection. 
Although the circular mechanical stapling devices have 
contributed to the popularity of the sphincter-saving re- 
section, it must be underscored that the retreat from the 
abdominoperineal resection was motivated by issues ex- 
clusive of those related to the anastomotic technique and 
was underway well before the proliferation of the me- 
chanical stapling implements. Despite the increasing 
preference for the sphincter-saving resection, it has yet to 
be unequivocally demonstrated that the use of this pro- 
cedure has not resulted in attenuated disease control and 
survivorship. 
In order to place the current controversy surrounding 


the use of the sphincter-saving procedure into appropriate™ 


perspective, it is useful to trace the evolution and rationale 
for the abdominoperineal resection. In 1908 W. Ernest 
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Miles described an operation that was noteworthy not for 
its technical innovation but rather for its conceptual ap- 
plication.' It is well established that Miles resurrected a 
procedure that had been initially described by Czerny in 
1884 because of his disenchantment with the standard 
operative procedure of the day, namely, the perineal 
method of excision. The abdominoperineal resection rep- 
resented an eloquent reflection of Miles’ biologic under- 
standing of the behavior and dissemination of rectal can- 
cer and was formulated following an analysis of the pelvic 
distribution of locally disseminated rectal cancer in post- 
mortem examinations and in patients with locally ad- 
vanced inoperable disease. Based on these observations, 
Miles concluded that there were three principal lymphatic 
zones of tumor dissemination that had to be addressed if 
the cancer was to be successfully extirpated: (1) the zone 
of downward spread, consisting of the perianal skin, is- 
chiorectal fat, and the external sphincter muscles; (2) the 
lateral zone of spread, comprised of the lymphatic network 
between and including the levator ani muscles and pelvic 
fascia as well as the pelvic peritoneum; and (3) the zone 
of upward spread characterized by the retro-rectal glands, 
pelvic mesocolon, the paracolic glands, the glands at the 
bifurcation of the left common iliac artery, and the median 
lumbar glands. It was Miles’ contention that this latter 
zone of upward spread represented the principal route of 
tumor dissemination because within this zone “secondary 
deposits were always present, visible to the naked eye or 
discernable by the microscope.”? Although the perineal 
method of excision adequately addressed the downward 
and lateral zone of spread, it entirely ignored the putatively 
most important zone of upward spread. With the popu- 
larization of the abdominoperineal resection, Miles for 
the first time applied the principles of en bloc dissection 
to carcinoma of the rectum and brought the operation 
into line with those that had been advocated for carcinoma 
of the breast and carcinoma of the cervix. It is of interest 
that Miles admonished his colleagues that “it is just as 
important to remove the whole of the structure at an op- 
eration for cancer of the rectum as it is to clear the axilla 
thoroughly during an operation for cancer of the breast,’”” 
a feat that could only be accomplished with the addition 
of an abdominal dissection to the perineal excision. Based 
on these principles, over the next 2 decades the abdom- 
inoperineal resection rapidly supplanted (with few notable 
exceptions)’ the perineal method of excision. With the 
widespread application of the abdominal approach to 
carcinoma of the rectum, it is not surprising that attempts 
were eventually made to restore bowel continuity by 
eliminating the perineal component of the operation. In 
1930 Dixon introduced the anterior resection and by the 
time of his address to the American Surgical Association 
‘in 1948 had applied the procedure to 523 patients with 
seemingly remarkable success.* The anterior resection 
clearly violated the hypotheses that were germane to the 
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evolution of the abdominoperineal resection. Although 
the abandonment of the perineal component of the op- 
eration did not necessarily alter the approach to the zone 
of upward spread, significant compromise occurred in ad- 
dressing the zones of lateral and downward spread, thus 
challenging the very basis on which the abdominoperineal 
resection had evolved. Moreover, efforts to preserve the 
anal sphincter were often performed at the expense of the 
traditional 5 cm minimal distal resection margin consid- 
ered optimum in the control of local recurrence of disease. 

Despite numerous retrospective and anecdotal analyses 
attesting to the safety of the sphincter-saving resection, 
the contention that the failure to widely excise the peri- 
neum is associated with attenuated survival and increased 
incidence of recurrence has yet to be definitively assuaged. 
The studies cited in the literature that have attempted to 
compare abdominoperineal resection with sphincter-sav- 
ing procedures are all derived from retrospective studies 
in which the historical control group was not infrequently 
obtained from a nonconcominant data set.*-!® Moreover, 
little effort was made to assure the comparability of the 
two groups in question with respect to the distribution of 
prognostic discriminants such as Dukes’ class and the 
number of positive nodes. 

In an effort to resolve some of the sisi and practical 
disputations surrounding the efficacy of sphincter-saving 
operations, it was considered appropriate to evaluate the 
data from the randomized prospective rectal cancer trial 
of the National Surgical Adjuvant Project for Breast and 
Bowel Cancer (NSABP). This study was primarily de- 
signed to evaluate the utility of adjuvant chemotherapy 
and radiotherapy following curative resection for Dukes’ 
B and C rectal cancer. Although the original specific aims 
of the study were not formulated to compare treatment 
failure and survival in patients treated with sphincter-sav- 
ing resection and abdominoperineal resection, nonetheless 
a large patient cohort was available in whom the two op- 
erations were performed without specific protocol-deter- 
mined selection bias. Despite this limitation, data were 
derived from patients treated with either procedure who 
were entered in a randomized prospective manner albeit 
not specifically for the end points considered in this anal- 
ysis. Accordingly, the principal specific aim of the study 
described herein is to compare local recurrence, disease- 
free survival, and survival in patients undergoing abdom- 
inoperineal resection or sphincter-saving operation fol- 
lowing curative resection for Dukes’ B and C rectal cancer. 
Further, it is the intent of this endeavor to ascertain the 
significance of the length of distal margins of resection in 
those patients in whom the sphincter was spared. 


Materials and Methods 


Data for this analysis were derived from NSABP pro- 
tocol R-O1, a randomized prospective clinical trial de- 
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Fic. 1. Disease-free survival of Dukes’ B and C rectal cancer patients 
treated with abdominoperineal resection (APR) and sphincter-saving re- 
section (SSR). 


signed to determine the utility of adjuvant therapy in pa- 
tients with carcinoma of the rectum. Protocol design and 
patient accession have been described in greater detail 
elsewhere.!? The population employed in this study con- 
sisted of patients with documented Dukes’ B and C rectal 
cancer who were entered following protocol initiation in 
November 1977. Randomization was effected to three 
therapeutic categories: (1) no further treatment following 
curative resection, (2) postoperative radiotherapy, or (3) 
postoperative chemotherapy consisting of 5-fluorouracil, 
MeCCNU (semustine), and vincristine. 

Reference to Dukes’ classification was according to the 
classical criteria described in 1932 for carcinoma of the 
rectum.” Dukes’ B lesions were characterized by exten- 
sion of tumor through the muscularis propria into the 
perirectal adipose tissue without regional lymph node 
metastases; Dukes’ C tumors were exemplified by regional 
node metastases with any depth of tumor penetration. 

This analysis does not include tumors that, because of 
metastatic disease or contiguous involvement, extended 
beyond the scope of curative operative resection. A rectal 
tumor was defined by protocol as any lesion that required 
the opening of the pelvic peritoneum to define the distal 
extent of the tumor. Patients with rectal tumors were 
treated either with anterior resection or abdominoperineal 
resection, with the operative conduct determined by the 
protocol. 

For the purpose of this analysis, 232 patients undergoing 
abdominoperineal resection and 181 patients in whom 
the sphincter was preserved were available for assessment; 
of the latter group, 82 anastomoses were mechanically 
stapled and 99 were hand-sewn. The average time on study 
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was 48 months. The length of the distal resection margin 
was reported by the institution pathologist as was the 
maximum tumor diameter. 

Two varieties of statistical analyses were carried out. 
In the first instance, use was made of the Mantel-Haenszel 
statistic in order to test the differences in disease-free sur- 
vival between two or more groups. In general, when the 
Mantel-Haenszel statistic is discussed, reference is made 
to the two group test, and whenever a p value is provided, 
it is two-sided. Another measure that was used, and may 
be as important as the p value when dealing with prog- 
nostic factors, was the relative risk of treatment failure. 
Whenever the Mantel-Haenszel statistic was used for 
comparison of two groups, the observed and expected 
number of treatment failures were computed. Letting 01 
(E1) and 02 (E2) be the number of observed (expected) 
failures in groups | and 2, respectively, the relative risk 
of group 2 to group | was defined by (02/E2)/(01/E1). If 
this value was equal to one, the two groups had “‘equiv- 
alent” prognoses, whereas a relative risk of greater than 
one indicated that the prognosis of group 2 was worse 
than that of group 1, and a relative risk of less than one 
indicated that the prognosis of group 2 was better than 
that of group |. If the relative risk was two, for example, 
a patient from group 2 was roughly twice as likely to fail 
as a patient from group | (hence the expression relative 
risk of group 2 to group 1). 

Second, the Mantel-Haenszel test also may be used to 
compare the risk of dying as a result of a particular dis- 
criminant while controlling for imbalances due to con- 
founding variables (such as the number of positive nodes). 
This procedure enables the testing of the equivalence of 
treatments while taking into account the effects of other 
covariates. In the analyses presented, correction for Dukes’ 
class, nodal imbalances, and adjuvant treatment has been 
carried out,?!*? 


Results 


Disease-free Survival and Survival in Patients Treated with 
Abdominoperineal Resection or Sphincter-saving Proce- 
dures 


Examination of disease-free survival and survival for 
the combined Dukes’ B and C rectal population (all pa- 
tients) disclosed that there was no significant disadvantage 
for the use of sphincter-preserving operations. Patients 
treated with the latter procedure were 0.82 times as likely 
to die or fail as those in whom the sphincter and perineum 
were sacrificed (Table 1, Fig. 1). An attenuated disease- 
free survival and survival for patients treated with the 
sphincter-preserving operation could not be demonstrated 
despite an increased incidence of local recurrence as a 
first site of treatment failure (anastomotic and pelvic) ob-* 
served for the latter operation when compared to the ab- 
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TABLE 1. Treatment Failure and Survival SSR Versus APR 
APR SSR Relative Risk Relative Risk 
of Failyre of Death 
No. Failed Died No. Failed Died SSR vs. APR p SSR vs. APR p 

All patients 232 103 79 181 10 52 0.82 NS 0.82 NS 
Dukes’ B 86 26 15 60 13 8 0.89 NS 1.14 NS 
Dukes’ C 146 77 64 121 57 44 0.81 NS 0.76 NS 
1-4 nodes 78 32 25 69 28 22 0.90 NS 0.96 NS 
>4 nodes 51 34 29 41 21 15 0.62 07 0.49 0.02 
Tumor diameter l 

<6 CM 124 48 35 126 46 31 1.07 NS 1.05 NS 

>6 CM 77 36 28 37 14 i2 0.71 NS 0.81 NS 


APR = abdominoperineal resection; SSR = sphincter-saving resection. 


dominoperineal resection: 13% versus 5%, p = 0.0002. 
Contrariwise, distant disease as a first site of treatment 
failure was significantly reduced in patients, with sphincter- 


saving resections when compared to those receiving ab- 


dominoperineal resections: 24% versus 39%. 

Although the data were adjusted for the effects of ad- 
juvant treatment, it was considered worthwhile to examine 
the results for-the control group ‘alone. When the same 
analysis was therefore carried out for the group random- 
ized to receive no further treatment following curative 
resection, no significant differences were observed between 
the two operations with respect to treatment failure and 
survival; patients in whom bowel continuity was restored 
were at 0.77 times the relative risk of failing and 0.97 
times as likely to die as individuals treated with the Miles 
operation. Although-the above-described analyses were 
adjusted for imbalances i in Dukes’ class and the number 
of positive nodes, the data were separately examined for 
patients with Dukes’ B and C lesions (Fig. 2) as well as 
those with 1-4 or >4 metastatic lymph nodes (Fig. 3). No 
significant differences were noted in either disease- free 
survival or survival when the results were analyzed ac- 
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cording to Dukes’ class (Table |, Fig. 2). For example, a 
patient with a Dukes’ C tumor (adjusted for the number 
of positive nodes) was 0.81 times as likely to fail and 0.76 
times as likely to die if treated with a sphincter-saving 
operation as compared with an abdominoperineal resec- 
tion. The only significant differences in disease-free sur- 
vival and survival were observed for the cohort charac- 
terized by >4 positive nodes and were in favor of patients 
treated with sphincter-preserving operations. A patient 
treated with the latter procedure was 0.62 times as likely 
to sustain a treatment failure as a ‘similar patient under- 
going an abdominoperineal resection (p = 0.07) and 0.49 
times as likely to die (p = 0.02, Fig. 3). 

Comparison of the two operative procedures was then 
carried out according to the maximum diameter of the 
tumor as well as tumor volume i in order to address the 
contention that larger tumors are more effectively man- 
aged by abdominoperineal resection. No significant dif- 
ferences i in disease-free survival and survival were in ev- 
idehce when the two procedures were examined in patients 
with tumors of maximum diameter of <6 cm or >6 cm. 
Curiously enough, a patient with a tumor =6.cm was only 
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0.71 times as likely to fail and 0.81 times as likely to die 
when treated with a sphincter-preserving operation as was 
a similar patient treated with abdominoperineal resection 
(Table 1, Fig. 4). 

A similar analysis conducted for patients with tumor 
volumes <50 cc and >50 cc (product of three perpendic- 
ular diameters) provided similar results (data not shown). 
The analyses addressing tumor diameter and volume were 
adjusted for protocol treatment, Dukes’ class, and the 
number of positive nodes. 

It should be noted that there were no significant 1m- 
balances observed in the two operative procedures relative 
to age, preoperative carcinoembryonic antigen, or the 
proportion of lumen encirclement by tumor. 


Disease-free Survival and Survival According to Length 
of Distal Resection Margins in Patients Treated with 
Sphincter-saving Resections 


Evaluations were carried out according to three group- 
ings characterizing the distal margin of resection, <2 cm, 
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FIG. 3. Disease-free survival 
according to the number of 
positive nodes for rectal can- 
cer patients treated with ab- 
dominoperineal resection 
(APR) and sphincter-saving 
resection (SSR). 
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2-2.9 cm, and 23 cm. Analysis of disease-free survival 
and survival according to these categories failed to indicate 
significant differences in overall treatment failure and 
survival, Patients with smaller resection margins appeared 
to fare as well as those with more generous lengths of 
tumor clearance (Table 2, Fig. 5). For example, a patient 
with a distal margin of <2 cm was 0.88 times as likely to 
fail and 0.57 times as likely to die as a patient with a distal 
margin of =3 cm. If any trend was observed, it appeared 
that patients with smaller resection margins had a slightly 
prolonged survival (p = 0.10). This observation was pres- 
ent in spite of the fact that local recurrence as a first site 
of treatment failure was greater in the group with <2 cm 
than it was in the =3 cm category, 22% versus 12%. This 
increased local recurrence rate in the population with 
smaller margins was not translated into an increase in 
overall treatment failure and had absolutely no influence 
on survival. 

Although these analyses were conducted adjusting for 
Dukes’ class and the number of positive nodes, further 
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TABLE 2. Treatment Failure and Survival According to Margins of Resection 
Relative Risk Relative Risk 
of Failure of Death 
cm No. Failed Died vs. >3 cm p ys. >3 cm p 

All patients 

<2 45 17 11 0.88 NS 0.57 0.10 

2-2.9 56 21 14 0.81 NS 0.63 NS 

>3 67 26 22 1.00 ~ 1.00 — 
Dukes’ C 

<2 31 ll 8 0.51 0.07 0.44 0.04 

2-2.9 = 42 19 13 0.82 NS 0.62 0.17 

>3 41 21 18 1.00 = 1.00 — 


efforts addressed the significance of resection margins ac- 
cording to Dukes’ class. There were too few patients in 
the Dukes’ B category to allow for meaningful analysis; 
however, examination of the data for patients with Dukes’ 
C lesions further underscored the trends noted for the 
combined population. Whereas the survival advantage 
noted in the <2 cm category only approached significance 
in the overall analysis, in the Dukes’ C category a resection 
margin of <2 cm was associated with a 0.44-fold risk of 
death when compared to the >3 cm group (p = 0.04). 
The data were again adjusted for the number of positive 
nodes. 


Discussion 


The challenge to the abdominoperineal resection, al- 
though principally motivated by the desire to avoid per- 
manent colostomy, has far reaching biological conse- 
quences. If it can be unequivocally demonstrated that 
sphincter-saving procedures are the equal of those in which 
the perineum and anus are sacrificed, the hypotheses on 
which the abdominoperineal resection was evolved must 


» be re-evaluated. The assault on the basis for the Miles 


operation, although not a new phenomenon, has gained 
momentum over the past decade. Efforts to discredit the 
Miles procedure (in those instances when restoration of 
bowel continuity 1s technically feasible’ have taken on 
various forms both direct and indirect. These efforts have 
been oriented toward anatomic and technical themes 
rather than on issues related to the biology of tumor dis- 
semination and metastasis. The indirect methods have 
focused on analyzing and mapping the anatomic distri- 
bution of local pelvic tumor encroachment and contrast- 
ing the findings with those initially put forward by Miles 
and his colleagues. There are ample instances cited in the 
literature to indicate that some of the contentions on 
which the abdominoperineal resection was based are sub- 
ject to serious dispute. The conviction that the “zone of 
distal spread” is of clinical relevance has had a profound 


~yinfluence on the conduct of operations in carcinoma of 


the rectum and has been responsible for the arbitrary se- 


lection of 5 cm as the minimum requirement for the length 
of the distal resection margin. Review of the literature 
relative to this subject will adumbrate numerous studies 
in which the occurrence of distal intramural and retro- 
grade lymphatic spread (below the level of the tumor) is 
an exceedingly rare phenomenon and when it does occur 
is associated with an ominous prognosis, regardless of the 
operative procedure selected (reviewed in ref. 17). In no 
instance has an effort been made to determine whether 
distal intramural involvement or retrograde lymphatic 
permeation are independent prognostic discriminants or 
are simply associated with advanced Dukes’ class or dis- 
ease that has already metastasized. Similar challenges have 
been advanced with respect to the significance of the “zone 
of lateral spread.” Once again studies may be cited in 
which the presence of lateral lymphatic involvement has 
been shown to be an uncommon finding and when present 
serves as a harbinger of disseminated disease. Not even 
the pivotal “zone of upward spread” has escaped the in- 
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veterate gibes of the anatomic critic. Gabriel and col- 
leagues challenged the significance of the paracolic glands 
along the mesenteric border of the pelvic colon.” Lest 
the subtlety of this challenge be lost, all doubt was removed 
by the following statement: “Miles states that the paracolic 
glands situated along the mesenteric border of the pelvic 
colon are often the seat of metastatic deposits. This has 
not been our experience; in fact we have found metastases 
in the paracolic glands only in one case [of 100 exam- 
ined].”” Further, the polemics surrounding the incidence 
and significance of nodes located in the 4 cm region be- 
tween the origin of the left colic artery and the origin of 
the inferior mesenteric artery are well known and need 
not be further belabored, 17774-76 

It is important that these indirect methods of challenge 
of the rationale for the abdominoperineal resection be 
placed into appropriate perspective. The fact that one can 
successfully dispute the basis on which an operative pro- 
cedure was evolved does not necessarily imply that the 
operation is without merit. Although an operation may 
have evolved based on an erroneous premise, it may still 
represent the optimum method of therapy. Accordingly, 
the ultimate test for the utility of the abdominoperineal 
resection must be obtained from a well-controlled trial 
comparing this procedure with those restoring bowel con- 
tinuity. Here too there have been instances in which the 
two operations have been assessed, and, for the most part, 
no striking differences have been observed with respect 
to survival.’ Without exception, these analyses were 
derived from nonrandomized retrospective studies lacking 
a suitable concomitant control. Moreover. the failure to 
adjust for possible maldistribution of important prognostic 
indices may have resulted in imbalances that have a major 
confounding influence on final outcome.” The same crit- 
icisms may be directed towards those studies that have 
evaluated distal resection margins as prognostic discrim- 
inants in anterior resections, 678-737 

The results presented herein represent the first obtained 
from a prospective clinical trial. The data are unequivocal 
in indicating that there was no demonstrable disadvantage 
for the use of sphincter-saving resections utilizing disease- 
free survival and survival as end points. This conclusion 
was apparent in all patient subsets examined as charac- 
terized by Dukes’ class and the number of positive nodes. 
The significant survival advantage observed in patients 
treated with sphincter-saving resection with >4 positive 
regional nodes remains enigmatic. It would be in precisely 
this patient population that one might anticipate a salutary 
effect for the abdominoperineal resection were Miles’ hy- 
potheses correct. In patients with many positive nodes, 
one can argue that there is a greater likelihood of leaving 
nodal disease behind if the zones of lateral and downward 
spread are not adequately extirpated. The fact that no 
such disadvantage is noted for sphincter preservation in 
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the >4 nodal cohort represents a strong challenge to the 
biologic and therapeutic bases for the abdominoperineal 
resection. 

Tumor size and volume have often been cited as useful 
discriminants in selecting the type of operative procedure 
to be performed. It has been argued that optimum disease 
control in larger tumors will be more readily effected by 
including the perineal component of the operation. The 
results obtained in this study do not support this conten- 
tion. Tumors with maximum diameters of >6 cm ar vol- 
umes = 50 ce did not demonstrate an increased treatment 
failure rate when treated by sphincter-saving resection as 
compared to similar tumors treated by abdominoperineal 
resection. The findings also support the conclusions from 
a previous NSABP analysis in which it was demonstrated 
that tumor size was not a major prognostic discriminant 
in Dukes’ B and C adenocarcinoma.!?*? 

It has been argued that variations in the height of the 
tumor for the two treatment options can introduce a 
source of bias. Measurements of the height of rectal tumors 
were not presented in this analysis because the large vari- 
ability associated with the methods employed in the multi- 
institutional setting makes this information cumbersome 
to standardize. Of far greater importance is the consid- 
eration of whether a comparison of the two operations 
based on height of tumor from the dentate line represents 
a valid analysis. The majority of tumors for both abdom- 
inoperineal resection as well as sphincter-saving proce- 
dures falls within the “mid rectum.” This leaves small 
sample sizes at either extreme, ie., the upper rectum or 
lower rectum (distal 5 cm). Accordingly, an analysis based 
on tumor height may have merit when postoperative mis- 
adventures are assessed, but it is to be condemned when 
disease-free survival and survival are measured, unless 
extremely large populations are available. Accordingly, 
this analysis does not address the specific situation of rectal 
resections requiring coloanal anastomoses. 

Perhaps the most intriguing challenge to the therapeutic 
rationale for the abdominoperineal resection is forthcom- 
ing from the analysis of length of distal margins of resec- 
tion. Protocol R-O1 provided an opportunity to address 
the postulate that attenuated resection margins result in 
an increased incidence of local recurrence and decreased 
disease-free survival and survival. The data clearly do not 
support this hypothesis. Patients with resection margins 
of <2 cm were not at a disadvantage when compared with 
patients with more generous margins of clearance. Al- 
though the <2 cm margin group demonstrated an in- 
creased incidence of local tumor recurrence as the first 
site of treatment failure, there was a complementary de- 
crease in distant disease as the first site of treatment failure, 
indicating that local recurrence probably serves as a 
marker of distant disease. Further, the increased incidence“ 
of local failure in this group was not translated to a de- 
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creased survivorship; if anything, patients with shorter 
resection margins had a better survival that reached sta- 
tistical significance for the Dukes’ C cohort. Parentheti- 
cally, it might be added that the type of anastomosis per- 
formed, i.e., hand-sewn or stapled, had little influence on 
local or distant recurrent disease. The average margin of 
distal clearance was identical in the hand-sewn and stapled 
patient groups.” 


It may therefore be concluded that the data provide 
the first evidence from a randomized prospective trial that 
sphincter-saving resections are not associated with atten- 
uated survivorship in those patients in whom such an 
operation is technically feasible. Further, the prognostic 
significance of the extent of margins of resection is refuted. 
The findings raise serious questions as to the validity of 
the biologic and therapeutic rationale on which the ab- 
dominoperineal resection was based. There are unmis- 
takable parallels between the evolution of the operative 
strategy of carcinoma of the rectum and that of breast 
cancer. One cannot help but wonder whether Miles’ efforts 
to bring his operation in line with the en bloc operations 
of his contemporaries will not meet the same fate as the 
radical mastectomy. 
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DISCUSSION 


DR. JEROME J. DECOSSE (New York, New York): Ihave two questions, 
Dr. Wolmark, regarding your interesting presentation. First, have you 
demonstrated differences in abdominal-perinca! reseetion versus 
sphincter saving resection only for that subset between 5 and 12 cm from 
the anal verge, for that is all that really counts in making a comparison? 

Second, would you tell us what that distal margin means? Is that a 
margin in the operating room, is it a margin with the specimen in your 
hand, or is it a margin with the specimen in formalin? 


Dr. PAUL TARTTER (New York): Some years ago I looked at differences 
in survival between patients who had low anterior resections and those 


who had abdominal-—perineal resections, and I found results very similar 
to what we have heard today. The problem was that, after controlling 
for the distance from the anal verge, I found that the higher the lesion 
was in the rectum, the better the prognosis. I went back to the literature, 
and several other examiners had found the same thing. I wonder if Dr. 
Wolmark has looked at distance from the anal verge as a prognostic 
factor in these patients. 


Dr. WANEBO (Charlottesville, Virginia): Dr. Woimark, I have one 
question, and it concerns the problem about selection. The selection of 
surgical procedure APR versus anterior resection was not randomized, 


and one wonders if there could still be some disparity. That is, the larger 


lesions might have been more likely handled by an APR by the surgeons 


Vol. 204+ No. 4 


in the trial than by a sphincter-saving procedure. Thus, even though you 
do attempt to balance this statistically, I wonder if in real life such factors 
as local adherence and size of tumor might have had an impact on se- 
lection of the operative procedure that you may not be able to measure? 
In regard to that, were size and grade also examined in your analysis? 


DR. MICHAEL E. LOTZE (Bethesda, Maryland): Norm, | thought your 
talk was erudite and well presented. You can, however, derive no virtue 
by association with a prospective randomized trial, since this was not a 
comparison between these two procedures. In fact, I think the surgical 
selection of the procedure probably represented the biggest determinant 
in terms of your described results. 

The most important question is that of local recurrence. It occurs in 
breast carcinoma, and it certainly occurs in the setting of rectal carcinoma. 
Although you demonstrated increased local recurrence in patients un- 
dergoing the sphincter-saving operation, you claim that there was no 
difference in overall survival. Although survival is perhaps the most im- 
portant determinant, the value of local control especially in this setting 
to prevent patients from having a bleeding. infected, local wound is an 
important question. 

Finally, in terms of your broad experience with the National Surgical 
Adjuvant Breast Project, 1 would like to ask about the role of nodal 
dissections in this and other diseases. As surgical oncologists, we continue 
to evaluate the role of nodal dissections. I think the problem with rectal 
operations is that one does not have the easy opportunity to go back and 
recover nodes, as one can in breast cancer and in melanoma. The question 
is whether you can salvage any of the patients with local recurrence in 
nodes with less than APRs and whether regional nodal dissections prolong 
survival, 


Dr. NORMAN WOLMARK (Closing discussion): Relative to Dr. De- 
Cosse’s comments alluding to the importance of tumor height in our 
study, it is my opinion that many of the previous analyses that have 
attempted to control for this variable have done so in an inappropriate 
manner. It is clear that the majority of cancers in the rectum fall into 
the so-called midrectal area, namely, the region between 5 and 10 cm 
from the dentate line. As a consequence, one has relatively small subsets 
at either extreme: the 10-15 cm region as well as the distal 5 cm. From 
a statistical standpoint, one can question the propriety of performing an 
analysis utilizing tumor height unless extremely large patient populations 
are available. Certainly, this is one of the areas that we examined and 
decided not to analyze the data relative to this discriminant. To analyze 
the data according to small patient subsets, particularly outside the mid- 
rectum, is fraught with danger. On the other hand, Dr. DeCosse’s point 
relative to the so-called colo-anal anastomosis is well taken. It should be 
emphasized that this analysis in no way addresses the propriety or utility 
of that procedure. We have not analyzed that particular patient subset, 
and, accordingly, no conclusions ought to be made relative to colo-anal 
anastomoses from this analysis. 
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Concerning the question relative to the measurement of the distal 
resection margins, these margins were measured in the fresh specimen 
by the institution pathologist and reported as such. 

As for Dr. Tartter’s comments, in which he implies that the higher 
the lesion, the better the prognosis, I believe that this assertion is entirely 
speculative. The studies that have examined the prognostic influence of 
tumor height in the rectum have failed to control for potentially con- 
founding influences of other prognostic discriminants and covariate ef- 
fects. If one controls for these potential imbalances, I believe that tumor 
height within the rectum does not fall out as an overwhelmingly strong 
prognostic discriminant; accordingly, it is my impression that height per 
se does not have a significant influence on the interpretation of the data 
or the conclusions that have been made. 

In regard to Dr. Wanebo’s comments about the problem of selection 
and tumor size, I think the implication being made (if I may.take the 
liberty of paraphrasing him) is that patients with larger tumors are going 
to fare better with abdomino-perineal resections because the dissection 
can be carried out in a more efficacious manner. We have examined our 
data concerning maximum tumor diameter as well as tumor volume. 
For those lesions with a maximum diameter of greater than 6 cm, there 
was no difference between the abdomino-perineal resection and the 
sphincter-saving resection relative to disease-free survival and survival. 
Moreover, we repeated the same analysis for tumor volume, examining 
tumors larger and smaller than 50 cc. Here too, there was no disadvantage 
for the sphincter-saving resection; as a matter of fact, there was a slight 
trend in favor of the sphincter-saving operation for tumors greater than 
50 cc. 

Concerning Dr. Lotze’s comment, I make no apologies for the fact 
that this is not a direct randomized prospective trial comparing abdomino- 
perineal resection to sphincter-saving procedures. I think that such a trial 
cannot be done in this country or anywhere else for that matter. Given 
this limitation, I think that our study represents the next best approach 
to such a comparison in that the data are derived from a randomized 
prospective study albeit performed to address other specific aims. There 
may have been a bias on the part of the individual surgeon in the selection 
of one operation over that of another; however with 70 participating 
institutions, I believe that this bias is fairly well distributed and is not a 
factor influencing the interpretation of our data. 

Relative to local recurrence not being translated into an attenuated 
disease-free survival or survival, I do not find this observation particularly 
surprising. Certainly, it is important to control local recurrence, most 
notably in patients with sphincter-saving operations. However, the higher 
rate of first local recurrence was associated with a complementary decrease 
in distant disease as the first site of treatment failure. I think that a more 
important analysis is one in which distant disease-free survival is assessed 
regardless of whether it occurs as a first site of treatment failure; this has 
not as yet been performed. I believe that our data suggest that local 
recurrence is simply a harbinger of distant disease. 

lam not certain that I can adequately address the remaining questions 
in view of the time constraints that are apparent, and I thank the As- 
sociation for the privilege of the floor. 





The First Open Heart Corrections of 


Tetralogy of Fallot 
A 26-31 Year Follow-up of 106 Patients 





C. WALTON LILLEHE!, PH.D., M.D. 
RICHARD L. VARCO, PH.D., M.D. 
MORLEY COHEN, PH.D., M.D. 


Tetralogy of Fallot became a correctable malformation on August 
31, 1954, and from that date through 1960, 106 patients (ages 
4 months-45 years) who underwent open repairs at the University 
of Minnesota and were discharged, have been followed (99% 
complete) until death or for 26-31 years (mean: 23.7 years, 2424 
patient years). The purposes of this study were to determine 
survival, morbidity, hemodynamics, educational/employment 
attainments, and relation of these to surgical technics. Operations 
were done by cross circulation (6 patients) and bubble oxygenator 
(100 patients). This group had the first uses of patch ventricular 
septal defect closure, outflow root, infundibuloplasty, atresia 
correction, ischemic arrests, and pacemakers among other in- 
novations. Twenty-one (of 105 patients) have died during the 
followup: eight deaths in the first 10 years, 12 between 10 and 
20 years, and 1 >20 years. The causes of death were sudden (5), 
accidental (4), congestive failure (2), reoperation (2), suicide (2), 
and other (2). Actuarial survival at 30 years was 77%. Late com- 
plications were ten reoperations, five arrhythmias, and one en- 
docarditis. Actuarial freedom from reoperations at 30 years was 
91%. Cardiac recatheterizations in 62 patients disclosed only 10 
with residual shunts. Peak right ventricular systolic pressures 
were <40 mmHg (34 patients), 41-60 mm (2 patients), 61-70 
mm (4 patients), >71 mm (4 patients). Thirty-four patients (32%) 
completed college, ten of these completed graduate school (5 
masters degrees, 2 M.D.’s, 2 Ph.D.’s, 1 lawyer). Fifteen others 
attended college, and nine received technical school diplomas. 
Forty patients (18 men, 22 women) had progeny, with 82 (93%) 
live births and six major cardiac defects (7.3%). In summary, 
complete repair gave excellent late results in this group cared 
for very early in the open heart era. Survivors led productive 
lives without restrictions in education and employment. Many 
of the deaths/complications that occurred are now easily pre- 
ventable, which augurs extremely well for this generation. 
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ETRALOGY OF FALLOT (TOF), a common form of 
cyanotic heart disease in infants and children, 
became a correctable malformation on August 

31, 1954, when open cardiotomy with extracorporeal cir- 
culation by controlled cross-circulation was utilized. The 
first operation by these methods was successful, and the 
patient is living an active, normal life as a professional 
musician 31.5 years after operation.’ 

The corrective procedures consisted of closing the ven- 
tricular septal defect and relieving the pulmonary stenosis. 
The intracardiac operation was, at that time, a significant 
departure from the palliation afforded by systemic—pul- 
monary artery shunts and thus provoked considerable 
discussion at the time of our first report of a series of ten 
patients in April 1955.7 As noted in that presentation, we 
were sufficiently impressed by the well being of those early 
patients to make the intracardiac corrective operation our 
method of choice, with very few exceptions, for all TOF 
patients referred for surgical treatment from that time on. 

The purposes of this study were to determine survival, 
morbidity, hemodynamics, child bearing, educational and 
employment attainments, and the relation of these to sur- 
gical techniques. Operations were done by controlled cross 
circulation? (6 patients) and DeWall-Lillehei bubble 
oxygenator’ (100 patients). This patient group had the 
first uses of patch ventricular septal defect (VSD) closure, 
outflow roof, infundibuloplasty, atresia correction, isch- 
emic arrest, and pacemakers among other innovations. 


Patients and Methods 


The patients reported herein were all of those who had* 
intracardiac repair of their TOF defects from August 31, 
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1954, through December 31, 1960, at the University of 
Minnesota and Variety Club Hospital, and who were dis- 
charged from the hospital after their operation. 

The patients’ ages at the time of operation ranged from 
4 months to 45 years (Table 1). Both the youngest operated 
on as an emergency (now 31% years old and a general 
surgeon) and the oldest (a grandmother now 75 years of 
age) are long-time survivors currently living active normal 
lives. 
_ All patients have been followed either until death or 
for a minimum of 26 years (to December 31, 1985) and 
a maximum of 31% years. | l 

A total of 2424 patient years were observed after op- 
eration, and the mean period of follow-up was 23.7 years. 

The hospital mortality, while not a part of this study, 
ranged from four patients (40%) for the first ten patients 
operated on in 1954 and early 1955? to 14.9% for tho 
operated on in 1960. ` 


Definition of Tetralogy of Fallot 


All patients reported in this study had a cardiac mal- 
formation in which there was a ventricular septal defect, 
as defined below, and a pulmonary stenosis with specific 
characteristics. 

The septal defect was large, that is, of a size approxi- 
mating that of the aortic orifice. Its location was nearly 
always high, i.e., close beneath the aortic valve. 

All patients had an infundibular pulmonary stenosis. 
More than one half had an additional valvar stenosis. A 
much smaller number had complete atresia of the right 
ventricular outflow tract. The pulmonary stenosis was suf- 
ficiently severe that the peak pressures in the two ventri- 
cules were similar at rest or with exercise. 

Patients with this general malformation who had mild 
pulmonary stenosis were not included in our series as 
TOF. Also not included were several patients with severe 
infundibular pulmonic stenoses associated with very small 
ventricular defects (<5 mm). Both of these malformations 
differ from TOF in their clinical manifestations and also 
present simpler lesions for surgical treatment. 


Patient Follow-up 


As noted, 106 patients comprised the entire group, and 
direct contact has been established with 105 (99%) by one 
or more of the following methods: personal interview and 
examination, a detailed questionnaire filled out by the 
patient, telephone interview with patient supplemented 
by questionnaires, reports from the patients’ personal 
physicians. Death information was obtained from the 
family and was supplemented in 100% of the patients by 


~* reports from the physicians in attendance. Autopsy in- 


formation was available for 12 of the 21 late deaths (57%). 


TETRALOGY OF FALLOT 


491 
TABLE 1. Tetralogy of Fallot—26~31 Year Follow-up 

Age at Operation Patients (N) 
Under 2 yr (youngest 4 mo) 11 (10.4%) 
2-5 yrs. 18 
5-15 yr 63 
Over 15 yr (oldest 45 yr) 14 (13.2%) 
Total 106 





In approximately three fourths of these patients, contact 
had been maintained over the years by annual reports. 


Operative Procedures and Technics 


In the beginning, corrective surgical treatment for TOF 
patients faced two formidable problems. 

First was the need to develop methods that would per- 
mit intracardiac exposure of the cardiac interior in a rel- 
atively bloodless field for a sufficient length of time to 
repair technically complex malformations. The first six 
patients in this study, operated on between August 31, 
1954, and April 12, 1955, had extracorporeal circulation 
by controlled cross circulation.” A 30-year follow-up re- 
port on all these patients has been made recently.! The 
subsequent 100 patients all had extracorporeal circulation 
utilizing the DeWall-Lillehei bubble oxygenator.®* 

Second was the need to learn to recognize the extremely 
wide spectrum of pathologic anatomy comprising this di- 
agnostic category and to devise methods for satisfactory 
repair . | 
Some of the major technical milestones that proved so 
valuable in achieving effective results are worthy of brief 
mention here as they illustrate very well the evolution of 
the technical innovations that have had a profound influ- 
ence on operative and long-term survival. 


Patch Closure of Ventricular Septal Defects 


By April 1955, we had realized that the ventricular de- 
fects of tetralogy were typically larger and more muscular 
than other ventricular defects, so that stitches with a patch 
of synthetic material began to be used.? This technique 
reduced the risks of incomplete closure and injuries to 
the conduction system. 


Ischemic Cardiac Arrest 


Also, in the earliest tetralogies operated on in 1954- 
1955, selective aortic occlusion was introduced and found 
valuable for improving visualization without harm to the 
myocardium.”* 


Pulmonary Atresia Correction 


One of the patients operated on in the first series of ten 
patients was an infant who unexpectedly had a complete _ 
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atresia of the origin of the pulmonary artery. We were 
able successfully to anastomose the main pulmonary ar- 
tery directly to the newly constructed outflow trail of the 
right ventricle. 

The ability to deal with this more complicated variety 
of tetralogy was very reassuring at the time. The technique 
that was used was successful in several other patients in 
1955, and its applicability was further broadened by the 
introduction of the concept of the outflow roof in 1956. 


Right Ventricular Outflow Roof: Subanular or Transanular 


The introduction of this concept immediately improved 
significantly the surgeon’s ability to deal effectively with 
the severe degrees of hypoplasia that are often a part of 
the tetralogy malformation. It has proved enormously ef- 
fective in dealing immediately with the very severely ste- 
notic outflow tracts associated with hypoplasia, but also 
the long range results have been good because of the 
growth that can occur under the roof. When it has been 
properly used, there have been very few deleterious effects 
on the myocardium over the many years these patients 
have now been observed. 

The lack of serious long-term effects on the myocar- 
dium from valvular insufficiency 1s quite understandable 
in the light of the physiological studies on myocardial 
work done by Sarnoff and coworkers.’ The latter showed 
that approximately 80-85% of ventricular work is pressure 
work (static energy), necessary to open the outlet valve, 
and only about 15-20% is volume work (kinetic energy). 
Sarnoff’s group’ and Braunwald” have showed that ven- 
tricular stroke volumes (kinetic energy) can increase sig- 
nificantly, even double, with only barely measurable in- 
creases in overall ventricular work (oxygen consumption). 

Since regurgitation increases stroke volume, which adds 
to the kinetic energy fraction, it 1s clear why even quite 
sizeable amounts of regurgitation have only a small overall 
effect on ventricular work. 

This then is the physiologic basis for what clinicians 
have noted over many years in these patients, namely, 
that the regurgitation that may be induced by an outflow 
roof, even if transanular, is very well tolerated. The coun- 
terpart is that relief of pressure work (obstruction) is very 
important to the myocardial integrity. 

The initial use of an outflow roof on April 27, 1956, 
was transanular and was a matter of expediency. 


The patient had had a closed Brock-type procedure as an emer- 
gency at the age of 3 years in 1952. Some temporary palliation was 
achieved, but by 6 vears of age he needed help again. After he was 
put on cardiopulmonary bypass, his ventricular defect was closed, 
and we were faced with a small main pulmonary artery with a very 
firm fibrous ring at its origin. There was no pulmonary valve visible. 
We were unable to dilate this ring effectively, and there was no 
tissue to excise. Hence, the artery and ring were laid open, and a 
transanular patch of compressed polyvinyl sponge was sewn into the 
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outflow tract. We were impressed at the time that his recovery was 
so uneventful. (This first patient is a 30-year survivor with no ex- 
cercise limitations whatsoever.) 


Infundibuloplasty 


This valuable technique for widening the outflow track 
evolved gradually over several years and became the 
mainstay of the methods at the surgeon’s disposal for relief 
of pulmonic stenosis. 

Infundibuloplasty creates a widening of the right ven- 
tricular outflow track by mobilizing the crista supraven- 
tricularis (CS) away from the anterior ventricular wall. 
This allows the CS to drop down from the anterior ven- 
tricular wall, thereby enlarging the ventricular outflow 
passage. At the same time, this uncoupling of the CS dis- 
places it downward as a flap toward the ventricular septal 
defect, aiding both in the exposure and closure of the 
latter. The technical details for infundibuloplasty have 
been described previously. !® 

Infundibuloplasty is applicable in most patients with 
TOF and is done first. Then excision of obstructing mus- 
cle tissue, if feasible, is performed, and finally an outflow 
roof is utilized as deemed necessary. 


Complete Heart Block and the Development of Pacemaker 
Treatment 


An unexpected bonus from the development of open 
heart surgery was the discovery of a revolutionary new 
concept for the treatment of complete heart block by use 
of myocardial electrodes and a pulse generator (pace- 
maker). This treatment dramatically reduced the high 
hospital mortality from complete heart block that oc- 
curred prior to the first clinical use of this new method 
on our service on January 30, 1957. Obviously, this 
method has had enormous value extending far beyond 
open heart surgery patients. 

In the early intracardiac procedures for ventricular sep- 
tal defects, tetralogy, or atrioventricular canal defects per- 
formed during 1954-1955, permanent complete heart 
block occurred in about 10% of the operations (7 patients 
out of the first 70 operations). With the then existing 
treatments for complete block by positive chronotropic 
drugs (epinephrine, ephedrine), atropine, or electrodes 
applied to the surface of the chest, there were no post- 
operative survivors, all died in the hospital before dis- 
charge. t"? 

After we started use of the new drug isoproterenol (Is- 
uprel®)* in August 1955, there were seven out of 13 pa- 


* Developed for the treatment of bronchospasm, it was found to have 
potent positive ionotropic and chronotropic effects on the heart without 
appreciable effects on the blood pressure. These actions made it the most ™ 
effective drug then available for the treatment of complete heart block. 
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tients with complete block (54%) who were postoperative 
survivors and were discharged from the hospital,'2"3 

Spurred by these adversities and the still high mortality, 
even with Isuprel, the problem was taken to the experi- 
mental laboratory where Lillehei and Weirich'*'5 found 
in 1956 that a myocardial electrode connected to a pulse 
generator producing repetitive electrical stimuli of small 
magnitude (5-10 milliamps) gave very effective control 
of the heart rate and was imperceptible to the animals 
and patients. 

After clinical treatment of complete heart block with 
myocardial electrodes and external pacemaker was insti- 
tuted in January 1957, 17 of the next 19 patients (89%) 
were hospital survivors.'* It was found that when patients 
could be kept alive with a pacemaker, about 50% or more 
reverted to sinus rhythm, but this reversion rarely occurred 
after 30 days. 

The next very important lesson took several more years 
to learn, namely, that the late mortality rate in postsurgical 
chronic complete heart block patients was extremely high 
even though most patients clinically appeared to be doing 
very well until their sudden fatal Adams-—Stokes attack. 

Several of the late deaths in this series were part of that 
learning experience. The evidence became conclusive that 
all patients in complete heart block must have permanent 
pacing. This latter became eminently more practical with 
the development of an effective implantable unit by 
Chardack and Greatbach.!” 


Results 


An overview of this patient group is provided in Table 
2. Of particular interest in this follow-up study are the 
causes of late death and the quality of life of the long- 
time survivors. 


Survival and Late Mortality 


In the 26-31 year period since these 105 patients were 
discharged from the hospital, there have been 21 deaths 
(20%). Their causes and times after operation have been 
detailed in Table 3. 

Their actuarial survivals were 92.5% at 10 years, 80% 
at 20 years, and 77% at 30 years. (Fig. 1). Of the 21 deaths, 
13 (62%) were clearly cardiac in origin and, interestingly, 
eight (38%) were from causes (trauma, suicide, or cancer) 
that appeared unrelated to either their birth malformation 
or their subsequent treatment. 

The commonest cause of late death (5 patients, Table 
3) was a sudden and unexpected event in patients who 
appeared to be doing well. These all occurred beyond the 
first decade after operation (Table 3), adding further cir- 
cumstantial evidence for arrhythmias as a primary cause. 
< However, a very careful analysis of all of our operative 
and postoperative data on these particular patients has 
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TABLE 2. Corrective Operations for Tetralogy of 
Fallot— 26-31 Year Follow-up 
Total no. discharged after operation 


(1954 through 1960) 106 patients 


Follow-up complete 105 (99%) 
Alive (1986) 84 (80%) 
Late deaths 21 (20%) 


Total follow-Up: 2424 patient years (mean: 23.7 yr) 





failed even in retrospect to uncover any common etiologic 
factors. The possible sudden onset of complete heart block 
remains a theoretical possibility, but there has been little 
supporting evidence for this mechanism. 

Of the five patients in the group, two had had a tem- 
porary period of complete heart block at the time of op- 
eration: 


One, a 22-month-old infant operated on in 1955 before the de- 
velopment of the pacemaker, had this arrhythmia noted for 10 
minutes immediately postpump. Then sinus rhythm resumed. His 
sudden death occurred 14 years later. 

The other patient, 10 years old at open operation in 1959 (a 
closed Brock operation had been done in 1952), had pacemaker 
treatment for 1 week before sinus rhythm resumed. Sudden death 
was 19 years later. 


However, many patients who are doing well today had 
similar histories. 

The difficulty of proving arrhythmias as the cause of 
these deaths, by conventional data, is well exemplified by 
two other sudden-death patients who had very complete 
follow-up information, including normal postoperative 
heart catheterization and complete autopsies. 


One was a man 18 years of age in 1958 at the time of correction 
by patch closure of his ventricular defect and infundibulectomy. 
One year after operation he had had a near normal right heart 
catheterization with no shunts and an outflow gradient of 9 mmHg. 
In the years following surgery he had obtained a Ph.D. degree (Di- 
vinity). He was found dead in his office 27 years after operation at 
age 45 years. At autopsy a definite cause of death was not identified. 
A moderately severe degree of coronary artery disease was found, 


TABLE 3. Late Deaths 





Years Postoperative 





Causes 10 10-20 20 Totals 

Sudden/unexpected 
{arrthymias?) _ 4 l 5 
Complete heart blocks 4 — _ 4 
Accidents i 3 ei 4 
Suicide oe 2 oe 2 
Reoperations | l —_ 2 
Heart failure 2 oem _ 2 
Brain tumor — 1 ~— j 
Murdered es | ~— l 
12 l 21 


Totals g 
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Years After Corrective Operation 


Fic. 1. Actuarial survival of 105 patients discharged from the hospital 
after repair of tetralogy of Fallot defects. 


but no acute changes were seen. Review of his operative notes in- 
dicated no episodes of even transitory heart block. During his im- 
mediate hospital convalescence, Pronestyl® was administered for 
tachycardia (of unspecified nature). This was discontinued before 
discharge. 

The other patient was a boy 9 years of age when his ventricular 
septal defect was closed by primary suture and an infundibulectomy 
was performed. There were no abnormal arrhythmias, even tran- 
sitory in the operating room or after operation. One year after op- 
eration he had a completely normal right heart catheterization 
without shunt or pulmonary gradient. His right ventricular pressure 
was 28/0 mmHg. In July 1970, at age 21 years, he was brought to 
the emergency room of the local hospital. His heart was in ventricular 
fibrillation, and there was no satisfactory response to resuscitation. 
He had been working as an automobile mechanic and had no re- 
strictions of any kind on his physical activities. For several weeks 
prior to death, he had complained of dizzy spells but did not seek 
medical attention. At autopsy, including gross and microscopic ex- 
amination of the brain, a cause of death was not found. There was 
no residual pulmonary stenosis nor septal defect. The area of the 
VSD closure was calcified. The heart specimen was subsequently 
sent to Dr. Jesse Edwards, a cardiac pathologist, for detailed ex- 
amination. He also was not able to identify a specific cause of death. 


Accidental/traumatic 


There were five patients in this category. Four died after 
operation of accidents and one was murdered 16 years 
after operation during a gas station holdup. He had had 
a normal postoperative heart catheterization. 

Two of the fatal accidents involved automobiles 12 and 
17 years after operation. Ironically, both had had normal 
postoperative right heart catheterizations. Also, the patient 
who died 17 years after operation had been one of the 
first patients operated on as an infant, with normal he- 
modynamics measured 9 months later.'® 

A third patient died in a fall 8 years later. The fourth 
accidental death was bizarre. The victim, 15 years post- 
operative, had by then become a lawyer. He was basking 
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in his backyard swimming pool when a nearby accident 
caused high voltage wires to fall into the pool electrocuting 
him. He also had had a normal postoperative heart cath- 
eterization. 


Complete Heart Block 


Four patients had late deaths from this complication, 
7 months, 9 months, 6 years, and 8 years after operation. 
For all of them, the onset of complete block was evident 
immediately after they came off bypass. All four initially 
were treated successfully by a pacemaker and myocardial 
electrodes. All were weaned from their pacemaker and 
appeared at discharge to be doing very well clinically de- 
spite their slow rates. As already mentioned, these patients 
were the ones who taught us that every patient remaining 
in complete block must have a pacemaker.'® 


Reoperations 


Two patients died following reoperation: 


The first patient had had corrective surgery on April 5, 1955, 
utilizing cross-circulation. At reoperation on August Íl, 1965, to 
correct residual septal and pulmonic stenosis defects, the left anterior 
descending coronary artery arising anomalously from the right cor- 
onary artery and crossing the right ventricular outflow tract was cut 
during the ventriculotomy. The artery was buried in adhesions and 
was not visible. The heart could not be restarted. 


This vessel had been seen and avoided at the first op- 
eration but had not been charted in her records, a policy 
that was instituted thereafter. 


The other patient was reoperated 3 months after the corrective 
procedure to close a residual ventricular septal defect with a large 
shunt and congestive failure. The closure was uneventful, but he 
remained in congestive failure and succumbed 2.5 months later. 
At autopsy, the ventricular defect was seen to be completely closed, 
and there was a normal-sized pulmonary outflow tract. However, 
microscopie examination of the lungs showed a diffuse, very severe 
occlusive intimal proliferation involving virtually all of the arterioles 
in every section. 


This lesion was first described by Rich in 1948,'" and 
we have encountered it in other tetralogies. 


Congestive Heart Failure 


Two patients died from this cause 3 months and 5 years 
after operation, respectively. 


The first patient, a boy aged 17 years, died 3 months after cor- 
rection, He had had a right-subclavian pulmonary artery anastomosis 
10 years earlier. The recurrence of cyanosis and absence of a shunt 
murmur resulted in a diagnosis of a “closed shunt,” and it was not 
dissected out at operation. At autopsy, it was evident that the upper 
end of the ventricular septal defect patch had come loose, causing 
a defect 9 mm x I4 mm. There was an excellent correction of the 
pulmonic stenosis, and the previous shunt was wide open. 


Obviously, all of these contributed to his cardiac failure~ 
This patient should not have died. The open shunt should 
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TABLE 4. Cardiac Reoperations in 105 Survivors* 


Years after VSD 
Operation . VSD RVOTS +RVOTS 
<5 2t — — 
5—15 ~~ — 2t 
>I15 —_ 3 — 


Tricuspid 
Regurgitation 


Right Ventricular 
Aneurysm 


l — = 


a eee 


* Total = 10 in 9 patients; 1 patient had 2 reoperations. 

ft One patient died 2.5 months postrepair due to diffuse obstructive 
pulmonary arteriolar disease.” 

t One patient died at reoperation due to transected anomalous major 


have been recognized, and the breakdown in communi- 
cations after.discharge was inexcusable. 

The second patient, who was 10 years old at operation, 
died 5 years after operation at her home in Europe. No 
details have been available. 


Suicide 


In the two patients, both young women, who commit- 
ted suicide 17 and 19 years after operation, depression 
from cardiac problems did not appear to be an issue since 
both were asymptomatic from their cardiovascular stand- 
point. Also, one had had a normal postoperative cathe- 
terization. In one, the family claimed that foul play was 
involved, but the final police report was suicide. 


Nonfata] Late Complications 


Nonfatal late complications are discussed as either: 
cardiac-related or noncardiac in origin. 


Cardiac Reoperations 


There have been ten reoperations on nine of the 105 
patients followed (Table 4). As indicated already under 
late mortality, there have been two fatalities, which have 
been discussed there. With the exception of one other 
patient, described below, who had had two reoperations, 
these reoperations have resulted in normal functional 
anatomy confirmed by recatherization studies in all 
but one. 


Residual Ventricular Defects 


Both of the reoperations for ventricular defects occurred 
relatively early (less than 5 years) because of the deleterious 
effects of large L-R shunts without protection from pul- 
monic stenosis. 

One patient, a young boy who was reoperated after 
only 3 months because of congestive failure, had an un- 
usual, but not unknown, condition. He had widespread 
~< pulmonary arteriolar obstructions, and this complication 


7 has been discussed above under late mortality. 


coronary artery. 
VSD = ventricular septal defect. 
RYOTS = night ventricular outflow tract stenosis. 
ASD = atrial secundum defect. 


The other patient was reoperated after 4 years at age 13. She was 
in no distress, but recatherization had shown a 70% L-R shunt and 
a pulmonary pressure elevated to 70 mmHg. At the original oper- 
ation, her VSD was found to be moderately large (2.5 cm) and 
located high underneath the septal leaflet of the tricuspid valve. A 
comment was made in the operative note at that time that the 
exposure of the upper portion of the ventricular defect was difficult, 
although it was thought that a complete closure had been obtained. 
At reoperation in 1964 the exposure was excellent via a right atri- 
otomy with temporary detachment of the septal leaflet insertion.” 


Residual Ventricular Defects and Outflow Stenosis 


Of the twa patients with these defects (Table 4), one 
died and has been discussed already. 

The other patient had a 60% L-R shunt with mild to 
moderate pulmonic stenosis (gradient: 30 mmHg). Al- 
though this patient had no discernible symptoms, he was 
only 15 years old and better hemodynamics were desired. 
The original outflow roof placed 10.5 years earlier (in 
1957) was intact but was replaced by a wider terry cloth 
Teflon® prosthesis,” and the residual. leak along the VSD 
patch rim was repaired with four stitches. His convales- 
cence was uneventful. 


Tricuspid Regurgitation 

The reoperation for tricuspid regurgitation done 15 
years later represented repair of an iatrogenic injury. 
Atrial Septal Defect 


The atrial secundum defect closure was performed 21 
years after the primary repairs for a lesion that had been 
overlooked. 


| Right Ventricular Outflow Tract Stenosis (RVOTS) 


Three patients were found to have this residual defect 
(Table 4). One of them was also the patient who had the | 
right yentricular outflow tract aneurysm and has had two ~ 
reoperations. All three of these cases are informative and 
are discussed in more detail below: 

An infant was operated on on October 26, 1955, at age 8 months 
as a semiemergency because of daily syncopal and convulsive sel- 
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zures. His ventricular septal defect was closed by stitches over poly- 
vinyl pledgets. The pulmonary stenosis was treated by infundibu- 
lectomy without an outflow roof. The pulmonary valve was bicuspid 
but not stenotic. At his first postoperative catheterization in early 
1958, he was 3 years old. A closed ventricular defect was found, 
but a residual pulmonary gradient of 53 mmHg was measured. In 
subsequent heart catheterizations in 1965 and 1972, this gradient 
progressively increased to above 100 mmHg at rest, and the patient 
showed decreased exercise tolerance along with an enlarging right 
ventricle. At reoperation on June 18, 1973, the pulmonary valvular 
orifice was only 5 mm, and a valvotomy was necessary along with 
resection of a subvalvar fibromuscular ring to relieve stenosis. No 
outflow roof was deemed necessary because of the good-sized pul- 
monary artery. Recatheterization 4 years later found no shunts and 
a small outflow gradient (17 mmHg). 


Comment. At the initial postoperative heart catheter- 
ization in 1958, the patient was just 3 years old and had 
a moderately severe outflow stenosis. We have found that 
with such a significant degree of stenosis at such a young 
age outflow does not keep pace with body growth. Without 
a significant gradient (less than 20 mmHg), adequate 
growth of the outflow tract does occur. (Physiologically, 
the most potent stimulus to the growth of arteries is flow.) 

The next patient is this category of severe residual out- 
flow stenosis had her corrective surgery on February 1, 
1956, at the age of 26 months (also before the outflow 
roof concept). 


At the original operation the ventricular defect was closed, and 
the outflow stenosis was severe at both the infundibular and valvar 
levels. The pulmonary valve was noted to be very thick and nodular. 
The stenoses were dealt with by the technics then available. At 
reoperation 17 years later, the stenosis was at the site of this very 
thick nodular valve and was easily relieved by an outflow roof of 
terry cloth Teflon.” 


Comment. Clearly, this patient would have benefited 
by an outflow root at the first operation. 

The third patient has had a complicated history and is 
the only one in this entire group of 105 patients with a 
guarded prognosis. 


This patient was 11 years old at the time of the correction of his 
TOF lesions in 1960 by patch closure of his septal defect and a 
transanular outflow roof of woven Teflon. At reoperation 7 years 
later (1967), the ventricular defect closure was intact, but there was 
a large aneurysmal sac originating in the outflow tract. This was 
excised along with more infundibulum. A new outflow rocf of woven 
Teflon was inserted, There was no sign of a pulmonary valve. The 
patient recovered and was asymptomatic until a sudden cardiovas- 
cular collapse occurred in 1984, apparently due to a ventricular 
arrhythmia. Recatheterization at that time disclosed residual pul- 
monary stenosis, severe pulmonary regurgitation, and a coarctation 
of the right pulmonary artery. At reoperation in 1984 (patient now 
aged 35 years), the right pulmonary artery coarctation was repaired 
by arterioplasty, more infundibulum was excised, and a St. Jude 
prosthetic valve was inserted (without a conduit) at its anatomic 
site. 


Comment. He has had no more arrhythmias and works 
full time in a strenuous job (foreman in a meat packing 
plant). However, recatheterization in 1985 with electro- 
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physiologic studies disclosed chronic atrial fibrillation, 
easily induced ventricular tachycardias, and residual right 
ventricular hypertension (85 mmHg). There was no gra- 
dient over the outflow tract (and valve). However, the 
proximal right pulmonic arterial pressure was 85/25 and 
distal right was 50/18 mmHg. This moderate pulmonary 
hypertension appears to be due to high vascular resistance. 


Electrocardiographic Findings and Late Arrhythmias 


After correction, each patient has shown a pattern of 
complete right bundle branch block. Because of its pres- 
ence, we could not diagnose electrocardiographically 
coexistent ventricular hypertrophy. Occasionally, T waves 
showed a pattern of elevated right ventricular systolic 
pressures. Since we have not routinely performed 24-hour 
continuous electrocardiogram monitoring in these pa- 
tients, we do not have that type of information regarding 
possible arrhythmias. Left hemiblock has been present in 
several patients and has not been an ominous finding to 
date. 

In addition to the third patient described above under 
reoperations for RVOTS, there have been four others who 
have had arrhythmias sufficiently severe to require treat- 
ment. 

Three of them had tachycardias of various types (su- 
praventricular/ventricular) that have responded well to 
treatment. One was the patient with tricuspid regurgitation 
requiring reoperation. It is of interest that the other two 
showed none of the incremental risk factors that some 
have implicated as causes of arrhythmias, such as older 
age at operation, residual right ventricular hypertension, 
or previous Potts shunts.” 

Both were operated on at 7 years of age, had not had 
prior palliative surgery, and had had an uneventful con- 
valescence. Also, both have had routine right heart cath- 
eterizations approximately | year after operation and had 
no residual shunts. Right ventricular outflow gradients 
were measured at 8 mmHg and 14 mmHg respectively. 
Their arrhythmic symptoms came on later in life for no 
identifiable reasons and have not limited their life styles 
in any way. One of these two patients is a woman and 
has had one pregnancy with a normal delivery and child. 

The fifth patient in this category is the only one in this 
series known to have had the late onset (18 years) of com- 
plete heart block with an Adams-—Stokes event. This car- 
diac arrest occurred in September 1975 in her doctor’s 
office where she had gone because of the recent onset of 
some unusual symptoms. Resuscitation was successful 
without sequelae, and she has had an implanted pace- 
maker now for [1 years. 


Her prior history is of interest. Corrective surgery was performed | 
on August 25, 1957, when she was 10 years old. Her ventricular ~ 
defect was closed with a patch. Pulmonary valvotomy and infun- 
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TABLE 5. Late Noncardiac, Nonfatal Complications Observed 


Age at 
Date of Operation 
Patient Sex Operation (Yr) Complication 
1 F 12/3/57 15 Breast cancer 
2 M ' 7/26/60* 21 Thyroid cancer 
3 F 8/21/57 3 Multiple sclerosis 
4 F 10/14/58 5 Diabetes mellitus 
5 F 4/21/60 34 Diabetes mellitus 
6 M 3/28/60 tł 9 Urinary obstruction 


* Previous subclavian—pulmonary artery shunt in 1945. 


dibulectomy corrected the outflow stenosis. No outflow roof was 
necessary. Complete heart block was noted in the operating room 
immediately postpump, and she was treated by a pacemaker with 
myocardial electrodes for 3 days, after which sinus rhythm returned. 
Recatherization { year after operation disclosed no shunts and a 
2 mmHg gradient across the outflow tract. She subsequently married 
and had two normal children by normal deliveries in 1966 and . 
1973. Another recatheterization in 1975 (2 months after the pace- 
maker) again showed excellent hemodynamics (no shunt and out- 
flow gradient of 16 mmHg). me 


Comment. Currently, she leads a very active life, en- 
gaging in tennis, golf, and horseback riding regularly. 


Bacterial Endocarditis 


Only one patient in this series is known to have had 
this complication, which occurred 3 years after his surgery 
at the age of 9 years. Treatment was successful. Interest- 
ingly, his routine heart catheterization | year after oper- 
ation disclosed excellent findings (no shunt and outflow 
gradient of 10 mmHg). 


Noncardiac, Nonfatal Late Complications Observed 


These have occurred in six patients, and details are cat- 
egorized in Table 5. The occurrence of two cancers seems 
high, and the radiation received could be a factor, partic- 
ularly since both organs are in the most likely exposed 
areas. One of these patients also had a previous shunt at 
the age of 6 years.t Neither of these patients had any 
postoperative complications that would have augmented 
the usual radiation exposures. 


Postoperative Hemodynamic Studies 


Beginning with the first patients surgically treated, an 
effort has been made to urge all patients to return a year 





+ Performed in 1945 by Dr. A. Blalock at Johns Hopkins Hospital, 
Baltimore, Maryland. 
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Age at Onset 
(Yr) Treatment Current Status 
41 Mastectomy with Free of cancer at 3 yr 
implant 
37 Thyroidectomy Free of cancer at 10 yr 
30 Symptomatic Housewife and mother 
of 3 children 
19 Controlled Working full time as 
store manager 
55 Controlled Working full time as 
i commercial artist 
24 Transurethral No recurrence 
resection 





t Previous subclavian—pulmonary artery shunt in 1953. 


or more after operation for a routine right heart cathe- 
terization. As a result, 62 of these 105 patients (59%) have 
undergone one or more hemodynamic studies done dur- 
ing this follow-up (Table 6). 


TABLE 6. Classification of Results of Intracardiac Repair According 
to Postoperative Hemodynamic Findings 


Patients 
Classification Hemodynamic Results N(%) 
RVP: <40 mmHG 
and 
RV-PA gradient: <20 mmHG 
and 


No ventricular shunt* 
RVP: 40-60 mmHg 


Excellent 34 (55) 


Good 20 (32) 


OT 
RV-PA gradient: 20-40 mmHg 


or 
Small L-R ventricular shunt 


Qp: Qs <1.5:1 
RVP: 60-70 mmHg 


Satisfactory 4 (6.5) 


or 
RV-PA gradient: <50 mmHg 


or 
< Small L-R ventricular shunt 
Qp: Qs <1.5:1 
RVP: >70 mmHg 
RV-PA Gradient: >50 mmHg 


or 
L-R ventricular shunt 


Qp: Qs >1.3:1 
or 
Pulmonary vascular disease 


Unsatisfactory 4 (6.5) 


Total 62 (100.0) 





* Forty-seven of 62 patients (76%) had no shunts; another five patients 
(8%) had a ventricular shunt detectable only by radioisotope technics 
(shunt is less than 20%). 

RVP = right ventricular pressure. 

PA = main pulmonary artery pressure. 


i 
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TABLE 7. Pregnancies, Live Births, and Incidence of Congenital Heart Disease 
Children with 
Tetralogy Live Births Cardiac Defects 
Correction* N Pregnancies N(%) N(%) Type of Lesions 
Mother 22 48 43 (89.5) 3 (7) 2 VSD, | tetralogy 
Father 18 40 39 (97,5) 3 (7.7) 2 pulmonic stenoses f, 
| 1 VSD 
Totals 40 88 82 (93.2) 6 (7.3) 





* There were no couples in which both spouses had operations, 


We have classified these results as: Excellent, Good, 
Satisfactory, or Unsatisfactory, as detailed in Table 6. 
When patients have had more than one postoperative 
heart catheterization, their last study has been utilized for 
their classification (this applies also to patients reoperated 
and then recatheterized). If the patient was not recathe- 
terized after reoperation, the preoperative heart catheter- 
ization data were used for classification. 

Fifty-five per cent, or 34 patients, have been classified 
Excellent; ie., they have normal or close to normal he- 
modynamics (Table 6). In addition, another 32%, or 20 
patients, are classified Good with a near-norma! hemo- 
dynamics measured. Thus, 54 patients, or 86% of the total 
studied, have had hemodynamics consistent with a normal 
or very close to normal life expectancy. Even the Satis- 
factory group of four patients (6.5%) do not warrant re- 
operation but are being observed more closely over the 
years to detect any signs of cardiac dysfunction. In general, 
the Unsatisfactory group needs reoperation when feasible. 
One other patient in the group has been reoperated but 
has not been recatheterized. The other two are doing so 
well clinically with a residual ventricular septal defect and 
a counterbalancing pulmonic stenosis that they are being 
observed at present. 

Seventy-six per cent (47 of 62) of these patients have 
no residual shunts, and another 8% (5 patients) have he- 
modynamically insignificant shunts (Table 6). 

The information about the right ventricular outflow 
tract derived from serial catheterization has indicated un- 
equivocally that the pulmonary outflow tract growth has 
kept pace with body growth in the absence of residual 
stenosis. For example, when recatheterization in an infant 
or young child disclosed an outflow gradient of 50 mmHg 
or more, that gradient invariably increased to 100 mmHg 
or more by the early teens. On the other hand, similar 
patients with an initial gradient of up to 20-25 mmHg 
have showed no progression over time. 

The hemodynamic observations in this patient cohort 
confirm a previous study of ours on 69 TOF patients 
catheterized 1-7 years after operation.” In that presen- 
tation, we also discussed the relevancy of certain aspects 


t Both from same family. 
VSD = ventricular septal defect. 


of surgical technic to good hemodynamic results. Only 
one patient in this present group has had evidence of 
serious pulmonary regurgitation. However, inserting a 
well-functioning St. Jude prosthetic valve in this patient 
did not alter his hemodynamic findings appreciably. 

Lastly, we found a poor correlation between pressures 
measured at the time of operation and the ultimate longer- 
term measurements. This should not be surprising because 
of the many factors influencing cardiac output, either up 
or down, in the immediate postpump interval. 


Quality of Life among the Long-term Survivors 


We believe that the quality of life of these patients can 
be accurately assessed by looking carefully at three aspects 
of their lifestyles, namely, pregnancies and parenthood, 
educational attainments, and occupational achievements. 


Pregnancies and Children 


There were 40 patients who married and had children 
during this 26-31 year follow-up. There were 88 preg- 
nancies recorded with 82 (93.2%) live births. Among the 
live births, there were six infants with congenital cardiac 
lesions (7.3%), as noted in Table 7. 

This incidence of cardiac defects was considerably 
higher than the expected occurrence in the normal pop- 
ulations of about 1%. However, conversely, 92.7% of the 
infants were born with normal hearts, and all of the six 
cardiac lesions observed in this series were of the easily 
repairable types. There appeared to be surprisingly little 
difference between which parent had had the corrective 
surgery (Table 7). 

The correction of TOF defects produced a vast im- 
provement in the incidence of live births, 89.5% in this 
series, when compared with mothers with untreated TOF 
who had only 42% live births.” The proportion of live 
births was increased to 72% after palliative shunts.” Also, 
the incidence of congenital heart disease in babies from 
TOF mothers either untreated or treated by shunts was 
14% of the live births.” This 14% figure compared with 
the 7% observed in this study. Also, the development after 
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birth of the infants from these TOF mothers (untreated 
or treated by shunts) was seriously impaired, even when 
no cardiac defects were present.”* 


Educational Attainments and Occupational Achievements 


Among the 105 patients initially followed, all who were 
eligible by age and survival finished high school or its 
European equivalent (Table 8). Nine patients received di- 
plomas from technical schools, and 15 attended college 
but did not graduate. Thirty-four have graduated from 
college, and ten of them went on to complete graduate 
degrees, including two physicians (one a surgeon who also 
was the youngest patient operated on at the age of 4 
months), two Ph.D.’s, and one lawyer. The five patients 
receiving masters degrees represented such fields as 
chemistry, education, psychology, and speech pathology. 

Some attained more than one graduate degree, such as 
the young man who received a B.S. in Aero Engineering 
(Iowa), then Master of Science in Aero Engineering 
(Stanford), and finally a Ph.D. (Purdue). 

In completing Table 8, we have avoided duplication 
by counting only the highest degree received. Generally, 
and as expected, there has been a correlation between 
educational attainments and employment positions. The 
patient mentioned above with the advanced degrees in 
aeronautical engineering is now 47 years old and heads a 
large research division in this country’s largest manufac- 
turer of civilian and military aircraft. However, there are 
also some notable exceptions, such as one former patient 
who now owns a large midwest restaurant chain. He went 
to work immediately after finishing high school. 

Current employment information has been available 

about 76 patients (Table 9). In addition to the professional 
and managerial/executive positions listed, 12 patients are 
in teaching, nursing, or music (as entertainers or teachers). 
Ten former patients list positions in sales, supervisory, or 
secretarial work, and another ten are homemakers. The 
11 skilled and advanced technical positions include lab- 
oratory technologist, dietitian, hydrologist, commercial 
artist, plumber, and computer programmer and repair. 
Semiskilled laborers include carpenters, electricians, 
farmers, and manual laborers. Only one individual was 
unemployed, but not for health reasons. 


Discussion 


This is a late study of a number of important parameters 
in a group of 105 patients who 26-31 years ago were 
among the first to have intracardiac correction of the 
complicated malformation of TOF. We believe that these 
data present an accurate portrayal, because of the 99% 


_Aollow-up and the time and care taken to collect this in- 


formation. 
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TABLE 8, Educational Status—Highest Level Beyond High School 
Former Patients 
Technical school diplomas 9 
College (1-4 yr) 15 
S apa a 32% of 105 survivors 


(Masters = 5, M.D. = 2, 
Ph.D. = 2, LL.B. = 1) 


Total 58 


Survival 


The actuarial figures for late survival of these patients— 
80% at 20 years and 77% at 30 years—-were most en- 
couraging. The relatively small attrition in their third de- 
cade, is also noteworthy (Fig. 1). 

Almost 40% of the late deaths were due to noncardiac 
factors such as trauma, suicide, and cancer, which are 
equally applicable to the general population. These sta- 
tistics appear to confirm that these patients have moved 
into the mainstream of the “normal risks of life.” It has 
often been noted that the most common cause of death 
in the United States from ages 1 to 40 years is trauma 
from accidents. Of the 13 cardiac-related late deaths that 
have occurred (Table 3), almost half can now be prevented 
by the advances in knowledge and technology. In this 
context, we refer to those deaths due to heart block and 
certainly some of those due to congestive failure and re- 
operation. 

The relatively large group of five sudden and unex- 
pected deaths remains an enigma. Our studies have not 
disclosed any real clues as to who might be vulnerable. 
Stress electrocardiography and/or routine Holter moni- 
toring might be starting points for a more aggressive in- 
vestigation of the electrophysiologic mechanisms respon- 


sible for triggering late fatal arrhythmias. 


Reoperations 


In this studied group, the actuarial freedom from re- 
operations of 97.5% at 10 years, 92.5% at 20 years, and 


TABLE 9. Employment Status 


Former Patients 

Occupational Classification 

Professional 6 
Managerial, executive 15 
Teaching, nursing, music 12 
Sales, supervisory, secretarial 10 
Homemaker 10 
Skilled/advanced technical 11 
Semiskilled labor 12 
Total 76 
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Years After Corrective Operation 


Fic. 2. Actuarial freedom from peoperions after repair of tetrology of 
Fallot defects. 


91% at 30 years has been a very satisfying finding (Fig. 
2). These observations, along with the survival observed 
and the favorable postoperative hemodynamics measured, 
are all important tests of the degree to which the technical 
demands of these operations have been recognized and 
fulfilled. 


Another important factor, one often overlooked by 


others, contributing to this low incidence of later reop- 
erations is the fact that we have never used pericardial 
patches for septal defect closure or outflow roofs. A peri- 
cardial patch always undergoes an aseptic necrosis with 
subsequent healing by scarring and cicatricial retraction 
of an unpredictable amount. Such shrinkage contributes 
to the possibilities for recurrent pulmonic stenosis or for 
the pulling out of stitches in septal defect patches. Also, 


during the aseptic necrosis phase, this tissue is weakened, ` 


and, if pressure differences are unfavorable, they predis- 
pose the patches to tears (in septal defects) or to the for- 
mation of aneurysms (in the outflow tract). 


Postoperative Hemodynamics 


A significantly larger percentage of our patients have 
had postoperative hemodynamics studies when compared 
with most other data from late follow-up studies that have 
been reported. From the beginning of this work, we have 
made an effort to have all patients undergo a routine night 
heart catheterization sometime after a year had elapsed. 

Apparently, many clinicans have been content to eval- 
uate these patients by clinical assessment. We do not agree. 
Early in our experience in cardiac surgery for either ac- 
quired or congenital lesions, we were impressed by the 
wide discrepancy sometimes existing between an apparent 
excellent clinical status and surprisingly poor measured 
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hemodynamics. We have found no good substitute (until 
the recent advent of Doppler-echocardiographic studies) 
for catheterization information in advising individual pa- =» 
tients on their life expectancy, occupational choices, mar- 
riage, pregnancies, or the amount of strenuous physical 
activity they can tolerate. Also, in a few instances, we 
were able to advise and carry out a much needed reop- 
eration before significant myocardial disability had oc- 
curred. Another important bonus is the value of measured 
hemodynamics as an early objective test of the surgical 
methods used. 

It is our judgment that patients classified Excellent or 
Good (Table 6) will likely have normal or very near to 
normal life expectancies from their cardiac standpoint. 


Childbearing 


The data from this study indicated that there is no rea- 
son for these patients not to have children if they so desire. 
Labor and delivery have been well tolerated, and the small 
increase in the risk of a child with congenital heart disease 
is' offset by the fact that almost all of the possible lesions 
are readily correctable at an early age, which reduced both 
the emotional and financial burdens. 


Educational and Occupational Attainments 


This portion of our study was a distinct and gratifying 
surprise to us. It is very clear that the educational levels 
attained by these patients far exceed those of 100 indi- 
viduals drawn from any level of society, much less a cross 
section. One third were college graduates, and an im- 
pressive number have gone on to advanced positions in 
medicine, science, engineering, and the law. 

It is very intriguing to speculate on possible causes for 
these unusual findings. Possibly, motivation from having 
experienced a serious threat to life relatively early followed < 
by recovery might have been a factor in some, but that 
can hardly be an adequate explanation for all. Doubtless, 
there are multiple factors involved, but we can safely 
conclude that their cardiac reparative operations, as major 
as they were, did not inhibit their goals and aspirations 


' in any way. 


‘Conclusions 


One hundred five of 106 patients having intracardiac 
repairs of TOF defects from 1954 through 1960 who were 
discharged from the hospital have been followed for 26- 
31 years. This follow-up was 99%.complete in 1986. 
Twenty-one deaths occurred, giving actuarial survivals of 
92.5% at 10 years, 80% at 20 years, and 77% at 30 years. 
These impressive survival statistics notwithstanding, al- 
most half of the late cardiac-related deaths are now avoid, 
able by advances i in knowledge and technology. Among 
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the 84 long-term survivors, there are few health problems. 
They have achieved an excellent record for hemodynam- 
ics, education, employment, parenthood, and family life. 
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This operation, whieh took place 33 years ago, I thought might be of 
some interest in reference to the modern era that was introduced by Dr. 
Lillehei and his colleagues from Minneapolis. 


DR. FRANK C. SPENCER (New York, New York): I rise to express the 
appreciation of all cardiovascular surgeons for the major contributions 
of Dr. Lillehei and his group for their pioneering work of developing the 
corrective operation for tetralogy of Fallot. Both the concept and the 
performance of the corrective operation were major contributions. At 
that time (1954), I was in residency training at Johns Hopkins and well 
recall the astonishment and excitement when the first successful operation 
was reported. 

This contribution was typical of several major discoveries that came 
from Dr. Lillehei’s labcratories between 1950 and 1955, representing 
many of the cornerstones that launched the new field of open heart 
surgery. These included the tetralogy operation; the treatment of heart 
block with a pacemaker. and the discovery of the bubble oxygenator, 
which enabled many inséitutions to proceed with clinical surgery. 
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About 4 years ago, while preparing an address concerning early de- 
velopments in cardiovascular surgery, I corresponded with Dr. Lillehei 
about his laboratory work at that time and studied his replies in detail. 
His contributions represent an impressive example of a combination of 
ingenuity, imagination, and hard work. His presentation today describing 
the excellent long-term results speaks well for the soundness of bus rea- 
soning at that time. 

History has long recorded the remarkable fact that in scientific inves- 
tigation pioneering developments are often not encouraged or helped 
but are restricted or sharply criticized. One of the famous criticisms of 
Dr. Lillehei in 1954 was his use of cross-circulation. One critic visiting 
his unit remarked that this was the first operation developed where a 
200% mortality could occur, losing both the patient and the donor! De- 
spite these “accolades,” Dr. Lillehei forged ahead with the dramatic results 
we have heard described today. I much enjoyed his presentation and 
appreciate the opportunity of recognizing his many contributions. 


Dr. C WALTON LILLEHE! (Closing discussion): I thank the discussants 
for their warm and generous accolades. Probably only my mother would 
believe them all, but I am fortunate to have here today one of my sons, 
Craig, who is a young surgeon in Boston, and I hope that his hearing 
some of those nice things will improve my rather tenuous authority at 
home. 

With regard to Dr. Shumacker’s remarks, Dr. Scott’s case in 1954 is 
no doubt more accurately categorized as “an attempt” at complete cor- 
rection similar to the Brock procedures that were being donz at that 
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time—some under inflow stasis. There has never been any factual data 
(catheterization/angiograms) presented indicating that Dr. Scott’s patient 
had the tetralogy defects or that the circulation was indeed corrected. 
Nor have any other cases ever been successful with that technique, Con- 
sidering the limitations of the method and the technical complexity of 
the tetralogy malformations, complete correction using moderate hy- 
pothermia and inflow stasis was then, and still remains even today, an 
impossibility! It is remindful of the old adage about turning off the electric 
light switch and then attempting to jump into bed before it gets dark! 
The statement about cross-circulation and a possible 200% mortality 
was said when Dr. Willis Potts, who later became a close personal friend, 
first visited my laboratory in Minneapolis in early 1954. We were working 
with dogs utilizing cross-circulation to permit intracardiac surgical op- 
erations. Dr. Wangensteen brought Dr. Potts around to our laboratory 
to see an open heart procedure that had gone very smoothly and we 
were all rather pleased. After watching this operation with great interest, 
Dr. Potts said, “Dr. Lillehei, your name will go down in medical history.” 
My inner ego rose abruptly with this apparent enthusiastic endorsement 
of cross-circulation by an outsider. Then, he went on the say, “You will 
be known as the first surgeon in the world to have developed an operation 
with a 200% mortality!” Fortunately, that never occurred, and in the 45 
human cross-circulation operations that we did, there was no donor 
mortality. The cross-circulation technique was strikingly successful in _ 
the human operations, thereby quickly moving open heart surgery out 
of the experimental laboratory where it had languished for 15 years, 
permanently into the clinical arena. j 
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The CPK elevation may be related to LM. administration. 

ADVERSE REACTIONS 

Cefttzoxime is generally well tolerated; the mast frequent adverse reactions (greater than 1%, but 
less than 5%) are: Hypersensitioity—Rash, pruritus, fever Hepatic—Transient elevation in SGOT, 
SGPT and alkaline phosphatase. Transient eosinophilia, thrombocytosis. 

Some individuals have developed a positive Coombs test. Locaé~Injection sdte—Burning, 
cellulitis, phlebitis with LV. administration, pain, mduration, tenderness, paresthesia. 

Less frequent advers2 reactions (less than 1%) are: Hypersensitivity-Numbness has been 
reported rarely. Hepatic—Elevation of bilirubin has been reported rarely. Renal-Transient eleva- 
tions of BUN and creatinine have been occasionally observed with ceftiroxime. Hematologic- 


or after antibiotic treatment. (See Warnings.) 

HOW SUPPLIED 

Cefizox (sterile ceftizoxime sodium, FSK) is supplied in vials equivalent to 1 gram or 2 grams of 
ceftixoxime; in “Piggyback” Vials for LV. admixture equivalent to 1 gram or 2 grams of cefttxoxime. 
Ceftxox (ceftizoxime sodium injection, FSK) as a frozen, sterile, nonpyrogenic solution in 
plastic containers—supplied in 50 mL single-dose containers equivalent to 1 gram or 2 grams of 
ceftizoxime, in 5% Dextrose (DSW). Do not store above -20°C. 


‘Cefizox’ supplied as a frozen, sterile, nompyrogenic solution in plastic containers is manufactured 
for Fujisawa SmithKline Corporation by Travenol Laboratories, Inc, Deerfiekd, IL 60015. 
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~- Manufactured for 
I< B i Corporation 
SK&F Searls 
Division of SmithKline Beckman Corp. 


Instructor/Assistant 
Professor of Surgery 
(Intensive Care) 


Position available in Surgical Intensive Care 
Unit in the School of Medicine that services a 
940 bed University Hospital which is devoted 
to providing tertiary care for Suffolk County. 
The incumbent will have the responsibility of 
coordinating and supervising the care of 16 
seriously ill surgical patients and teaching 
medical students and surgical residents the 
principles of intensive care. The incumbent 
must be Board eligible or certified in Anes- 
thesia, Surgery or Internal Medicine and have 
a minimum of one year special training in 
Intensive Care Medicine as a Resident or 
Fellow. 


Please send applications te: 


Harry S. Soroff, M.D. 
Professor and Chairman 
Department of Surgery 
T-19, 020, Health Sciences Center 

_ SUNY Stony Brook 
Stony Brook, NY 11794 


SUNY Stony Brook is an affirmative action/equal 
opportunity educator and employer. AK#180-B. 





CLASSIFIED AD SECTION 


Classified advertising is available in ANNALS OF 
SURGERY for those recruiting personnel or interested in 
obtaining positions. Display space also is available for 
those desiring greater visibility or more space for their 
message. 


Classified ad copy, like other advertising copy, will be 
raviewed for approval prior to publication. 


Classified Rates: $9.00 per line or fraction of line. The 
average line will be 40 characters. 


Box Numbers: Replies may be directed via Box # to 
J.B. Lippincott Company, atan extra charge per insertion 
of $6.50 to cover handling costs in forwarding such 
replies to the advertiser. 


How to Order: Send typewritten text copy for the ad 
with remittance in full to: 


ANNALS OF SURGERY 
c/o J.B. Lippincott Company 
Attn: Kim McLean 
East Washington Square 
Philadelphia, Pa. 19105 
{215} 238-4280 


Deadline: Copy received by the 15th of month will run 
in the second following month's issue, e.g. November 
15th for January issue. Ads received after the 15th will run 
in the next availabie issue. 








COSMETIC SURGERY FELLOWSHIP, DEPARTMENT 
OF COSMETIC SURGERY, GRADUATE HOSPITAL, 
Philadelphia, PA. Available July 1987. Twelve month program. 
Yearly case load of over 3,000 facial, dermatologic, and general 
plastic procedures. Candidates must have had an Otolaryngol- 
ogy Head Neck or a General Surgical residency to qualify, 
Surgical staff composed of Facial Cosmetic Surgeon, Plastic 
and Reconstructive Surgeon, and Dermatologic Cosmetic Sur- 
geon. Call or Write: Julius Newman, M.D., Chairman, 1455 
City Line Avenue, Philadelphia, Pennsylvania 19151, 
215-896-6677. 





General Surgeon desires relocation—43 y.o., Board Certified, 
U.S. Graduate, wishes to relocate to Midwest community over 
40,000 pop. Please send inquiries to: Box ANNIOA, J.B. Lip- 
pincott, East Washington Square, Philadelphia, PA 19105. 


TRAUMA SURGEON—PENNSYLVANIA Join 2 TS 
MD's in 500+bed, 400+MD hosp now seeing 500+Category I 
pts. Hosp will receive Level I designation shortly. Full, 
advanced equip includes own copters, CT & angiography in 
ER, plus NMI, hyperbaric chamber, all monitors. Top surgical 
specialty support including 18 surg residents. Res. & publish 
encouraged. Non-urban, central PA locale ideal for family, 
recreation. Enjoy excell salary; benefits include 8 wks vac & 
CME. Call 215/365-5600 or send CV: Bill Gregory, c/o John 
Downing Assocs., P.O. Box 452, Lionville, PA 19353. 


General Surgeon (BC/BE) with added vascular training desir- 
able, for a busy general, thoracic, vascular, non-cardiac 
practice; to join a 5-man group located in eastern Indiana 
(population 50,000). Office is adjacent to a 300-bed referral 
hospital. Send inquiry to Box ANNI0B C/O J.B. Lippincott 
Co., East Washington Square, Philadelphia, PA 19105. 





Thoracic/ Vascular Surgeon. Excellent opportunity for well- 
trained BC/ BE to join busy two man group in desirable greater 
N.Y. metropolitan area. Please forward inquiries and C.V. to 
Box ANNIOC, J.B. Lippincott Company, East Washington 
Square, Philadelphia, PA 19105. 





INDIANA --Six member multispecialty group serving a cen- 
tral Indiana community of 15,000 near Indianapolis seeks 
additional general surgeon. New 88 bed hospital. Excellent 
compensation/benefits package. Send CV: VHA, 1600 
Embassy Square Blvd., Suite 1605, Louisville, KY 40299. 


Bernard Bragg has 
won critical acclaim 
as an actor. 

He has never heard 


applause. 


Believe in them. 
Break the barriers. 


PRERIDENT S COMMITTEE OM EMPLOYMENT OF THE BANIACAPPED, 
WASHINGTON D.C., M210 
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colifidel ice. 


NUBAIN* gives you pain-stopping power 
comparable to morphine/meperidine 
with fewer adverse side effects: 


m fast action 
m long-lasting pain relief 


m documented ‘ceiling” on 
respiratory depression 


m hemodynamic stability 

m non-constipating 

m lower incidence of nausea, vomiting, 
and other common side effects 

m low abuse potential—non-scheduled 


Now available in 20 mg/ml ampul, vial, 
and syringe. Also available in 10 mg/ml 
ampul and vial. 


For further information conceming contraindications, 
side effects, and precautions, please see following page. 


NUBAIN is available exclusively from Du Pont. 
© 1985, Du Pont Pharmaceuticals, Inc. 


NUBAIN 


~ Nallouohine HC] 
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NUBAIN : 
nallbuonine HC 


Brief Summary of Prescribing Information 


INDICABIONS For the relief af maderate to severe pain. NUBAIN can also be 
used fo preaperative analgesia, as a supplement to surgical anesthesia, 
and for sbstetrical analgesia during labor. 


CONTRAINDICATIONS NUGAIN should not be administered to patients whe 
are hypersensitive toi. 


WARNIAGS Drug Dependence NUBAIN has been shown to have a low 
abuse potential which is approximate to that of pentazocine. Whes corm- 
pared with drugs which are not mixed agonist-antagonists, it has been 
reported that nalbuphine's potential for abuse would be less than that of 
codeine and gropoxyphene. Psychological and physical dependence and 
tolerance may follow the abuse or misuse of naibuphine. Therefore, caution 
Should be observed in presernbing it for emotionally unstable patients, or 
for individuals wih a history of narcotic atase. Such patients should be 
closele supervised when long-term therapy is contemplated. Care should 
be taken to avoid increases in dosage ar frequency of administration which 
in susceptible individuals might result in physical dependence. Abrupt 
thscoatinuation of NUBAIN following prolonged use has been followed by 
sampioms of narcotic withdrawal, ie. abdominal cramps, nausea and 
yomiang, rhinorrhea, lacrimation, restlessness. anxiety, elevated femper- 
ature and pioerection. ise in Ambuiatory Patients NUBAIN may impair 
the mental or physical abilities required for the serformance of potentially 
Gangerous tasks Such as driving a car or operating machinery. Therefore, 
RUBSIN should be administered with caution to ambulatory patients who 
shoud be warned tc avoid such hazards. Use in Emergency Procedures 
Maintain patient under observation until recovared from NUBAIN effects 
hat would affect driving or other potentially dangerous tasks, Use in 
Ghildren Clinical experience to Support administration to patients under 
18 ysars is not avaiable at present. Use in Pregnancy (other than labor) 
Safe use of NUBAIN in pregnancy has not been established. Although 
animal reproductive studies have not revealed teratogenic or embryotoxic 
effects, nalbuphine should only be administered to pregnant women when, 
in the judgement of the physician, the potential benefits outweigh the 
possible hazards. Use During Labor and Selivery NUBAIN can produce 
ressiratory depression in the neonate. it should be used with caution in 
women delivering premature infants. Head Injury and Increased intra- 
cranial Pressure The possible respiratory depressant effects and the 
potential of potent analgesics te elevate cerebrospinal fluid pressure fre- 
suiting from vasodilation following COs retention} may be markedly exag- 
getated in the presence of head injury, intracranial lesions or a pre-existing 
increase in intracranial pressure. Furthermore, potent analgesics can pro- 
duce effects which may obscure the clinical course of patients with head 
iffuries, Therefore, NUBAIN should be used in these circumstances only 
when essential, and then should be administered with extreme caution. 
interaction With Other Central Nervous System Depressants Although 
NUBAIN possesses narcatic antagonist activity, there is evidence that in 
nendependent patients it will not antagonize a narcotic analgesic admin- 
istered just before. concurrently, or just after an injection of NUBAIN, 
Therefore, patients taceiving a narcotic analgesic, general anesthetics, 
peanothiazines, or other tranquilizers, sedatives, hypnotics, or other CNS 
depressants (including alcohol) concomitantly with NUBAIN may exhibit ar 
additive effect. When such combined therapy is contemplated, the dose of 
ose or bath agesis should be reduced, 


PRECAUTIONS impaired Respiration At the usual adult dose of 10 mg/70 
kg, NUBAIN causes some respiratory depression approximately equal to 
taat produced by equal doses of morphine. However, in contrast to mor- 
phine, respirakry depression is not appreciably increased with higher 
Gases of RUBAIN, Respiratory depression induced by NUBAIN can be re- 
versed by NARCAN® (naloxone hydrochloride} when indicated. NUBAIN 
should be administered with caution at low doses to patients with impaired 
eespiration ieg., from other medication, uremia, bronchial asthma, severe 
afechon, cyanosis or respiratory obstructions). Impaired Renal or Hepatic 
unction Because NUBAIN is metabolized in the liver and excreted by the 
aidneys, patients with renal or liver dysfunction may overreact to customary 
doses. Therefore, in these individuals, NUBAIN should be used with caution 
and administered in reduced amounts. Myocardial infarction As with a?! 
potent analgesics, NUBAIN should be used with caution in patients with 
myocardial infarction who have nausea or vomiting. Biliary Tract Surgery 
As with ail narcotic analgesics, NUBAIN should be used with caution in 
patients about to undergo surgery of the biliary tract since it may cause 
spasm of the sphincter of Oddi. 


ADVERSE REACTIONS The most frequent adverse reaction in 1066 patients 
treated with NUBAIN is sedation 381 (36%). Less frequent reactions are: 
sweatyclammy 95 (9%), nausea’ vomiting 68 (6%), dizziness/vertigo 58 
(5%), dry mouth 44 (454), and headache 27 (3%). Other adverse reactions 
which may occur (reported incidence of 1% or fess) are: ONS Effects 
Nervousness, depression, restlessness, crying, euphoria, floating, hostility, 
unusual dreams, confusion, faintness, hallucinations, dysphoria, feeling 
of heaviness. numbness, tingling. unreality. The incidence of psychatomi- 
metic effects, such as unreality, depersonalization, delusions, dysphoria 
and hallucinations has been shown to be less than that which occurs with 
pentazocine. Cardiovascular Hypertension, hypotension, bradycardia, 
tachycardia. Gastrointestinal Cramps, dyspepsia, bitter taste. Respiration 
Depression, dyspnea, asthma. Darmatological itching, burning, urticaria. 
Miscellaneous Speech difficulty, urinary urgency, blurred vision, flushing 
and warmth. Patients Dependent on Marcotics Patients who have been 
taking narcotics chronically may experience withdrawal symptoms upon 
sithe administration of NUBAIN. If unduly troublesome, narcotic withdrawal 
“symptoms can be controlled by the stow intravenous administration of 
smal merements of morphine, until relief occurs. H the previous analgesic 
owas morphine, meperidine, codeine, or other narcotic with similar duration 
oot activity, one-fourth of the anticisated dose of NUBAIN can be adminis- 
ered initially and the patient observed for signs of withdrawal, i.e., abdom- 
anal crams, nausea and vomiting, lacrimation, rhinorrhea, anxiety, 
-westiessness, elevation of temperature or pileerection. If untoward symp- 
oms do not occur, progressively larger doses may be tried at appropriate 
ervais until the desired level of analgesia is chtained with NUBAIN. 
Management of Overdosage The immediate intravenous administration 
of NARCAR® (naloxone hydrochioride) is a specific antidote. Oxygen, intra- 
genous fluids, vasapressors and other supportive measures should be used 
eas indicated. The administration of single doses of 72 mg of NUBAIN 
maubcutaneously to aight normal subjects has been reported to have resulted 
marily m symptoms of sleepiness and mild dysphoria, 
NARCAN is a registered LS. trademark of Gu Pont Pharmaceuticats inc 
3109-488 
Ju Pont Pharmaceuticals, Inc. 
“Subsidiary of E.L du Pont de Nemours & Co. tne.) 
AO. Box 363. Manati, Puerto Rico 00701 
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YOU CAN 
FIGHT CANCER 
BEFORE YOU 
GET IT. 


R AFTER 
YOU GETIT. 


It’s a lot easier to fight cancer 
before you get It. 

Scientists estimate that up to 60% 
of all cancer could be prevented. 

By simply making a few changes 
in your lifestyle. 

By not getting too much sun. By 
not smoking cigarettes. By not 
overeating. And by following a diet 
high in fiber and low in fat. 

By simply doing these few things, 
you could drastically reduce your 
risk of getting cancer. 

Sure, you could 
still get cancer. 

But why not give ¢| 
yourself the odds A en 
against it? Help us keep winning. 
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Nok olvadex” 


NOLVADEX does not have the harsh, 

debilitating side effects associated with 

cytotoxic chemotherapy. And, the efficacy of 
NOLVADEX is established: 

[t 1s first-line hormonal therapy in metastatic 
breast cancer in postmenopausal women. 
NOLVADEX allows women to carry on with 
their lives. Very simply, that’s the 
special quality of NOLVADEX. 


Nolvadex ©) 


TAMOXIFEN jC STUART 


Hormonal therapy they El live with. 


STUART PHARMACEUT ICALS 


ot ICI Americas 
Wilmington. Delaware 19897 


© 1986 ICI Americas Inc Please see next page for brief summary of prescribing information. 


BRIEF SUMMARY 

WOLVADEXs (tamoxifen ale mg tabiets 

Indications and Usage: NOLVADEX is effective in the treatment.of metastatic breast cancer in 
postmenopausal women. Avallable evidence indicates that patlants whose tumors are estro- 
gen receptor positive are more likely to benefit from NOLVADEX therapy. 

NOLVADEX In combination with cytotoxic chemotherapy following radical or modified 
radical mastectomy Is effective In delaying recurrence of surgically curable breast sancer In 
postmenopausal women or women age 50 or older with positive axillary nodes. In the Hubay 
and NSABP studies most of the benefit to date has been in the subgroup with 4 or nore 

' positive axillary nodes. The contribution of the xic chemotherapy is uncertain. The 
he en and progesterone receptor values may heip to predict whether the adjuvant therapy 
$ 
Contra 





leadership 
in 
learning 


to be beneficial. 
ndlcations: None known. 
Warnings: Pregnancy Category D: NOLVADEX may cause fetal harm when administered to a 
pregnant woman, Individuals should not become pregnant while taking NOLVADEX. Effects 
on reproductive functions are expected from the antlestrogenic properties of the drug. In 
reproductive studias in rats at dose levels equal to or below the human dose, nonteratogenic 
developmental skeletal changes were seen and were found to be reversible. In addition, in 
fertility studias in rats and in teratology studies in rabbits using doses at or below those used 
in humans, a tower incidence of egg implantation and a higher incidence of fetal death or 
. retarded In utero growth were observed, with slower learning behavior In some rat pups. The 
impairment of learning behavior did not achieve statistical significance In one study, and in 
another study where significance was reported, this was by comparing dosed an mals with. 
controls of another study. Several! pregnant marmosets were dosed during organogenesis or 
in the last half of pregnancy. No deformations were seen, and although the dose was high A 
enough to terminate pregnancy in some animais, those that did maintain pregnancy showed 
no evidence of teratogenic malformations. There are no adequate and well-controlled studies in 
i pregnani woman, Thare have been reports Hel edb ttions, birth defects, fetaldeaths, 
and vaginal bleading. If this drug Is used during pregnancy or the patient becomes nant 
. while taking this drug, the patient should be apprised of the potential hazard to the fetus. 

Ocular changes have been reported in a few patients who, as part of a clinica’ trial, were 
treated for periods grae than one year with NOLVADEX at doses at least four times the 
highest recommended daily dose of 40 mg. The ocular changes consist of retinopathy, and In 
some patients, there are also comeal changes and a decrease In visual acuity. 

In addition, a few cases of ocular changes including visual disturbance, correal elt be 
and/or retinopathy have been reported in patients treated with NOLVADEX al recommended 
doses. Itis uncertain if these effects are due to NOLVADEX. 

As with other additlve hormonel moragy (estrogens and androgens), hypercalcemia has 
baen reported In some breast cancer p ants with bone metastases within a few weeks of 
starting treatment with NOLVADEX. | bypercelcemia doas occur, appropriate measures 
should be taken, and If severe, NOLYADEX should be discontinued. 

Precautions: General: NOLVADEX should be used cautiously in patients with existing leuko- 
enie or thrombocytopenia. Observations of leukopenia and thrombocytopenia occasionally 
e bsen made, but It is uncertaln if these effects are due to NOLVADEX therapy. Transient 
decreases in platelet counts, usually to 50,000-100,000 mm3 infrequently lower, have baen 
occasionally reported in patients taking NOLVADEX for breast cancer. No hemorrhagic ten- 
dency has been recorded, and the platelet counts returned to normal levels even though 


treatment with NOLVADEX continued. u N 
Laboratory Tests: Periodic complete blood counts, Including platelet counts, may bè < Ippi nco ompany 
iis asd a R 
% 








. s: While no conventional bioassay has been conducted, endocrine changes 
in immature and mature mice were Investigated in a 13-manth study. Various tumors were 
found in all treated groups. > 

Mu : No genotoxic potential has been found in a battery of In vivo and In vitro 
tests with pro- and eukaryotic test ees with drug metabolizing systems oresent. 

Impairment of Fertility: He mala rats was decreased when dosas of 0.96 mg/kg or 

reater were administered 11 prior to mating, and fertility in famate rats was decreased 
ollowing administration of 0.04 mg/kg for two weeks prior to mating throuch day 7 of 
pregnancy. There was a decreased number of implantations, and all fetuses ‘were found dead. 

' pllowing administration to rats of 0,18 mg/kg from 7-17 of pregnancy, there were 
Increased numbers of tetal deaths. Administration of 0.125 mg/kg to rabbits during days 
8-18 of pregnancy resulted in abortion or premature delivery. Fetai deaths occured at higher 
doses. There were no teratogenic changes In either rat or rabbit segment Il studies. Several 
prognani marmosets were dosed with 10 mg/kg/day either during organogenesis or In the 

half of pregnancy. No deformations were seen, and cet the dose was high enough 
to terminate pregnancy In some animals, those that did maintain pregnancy showed no 
evidence of teratogenic malformations, Rats piven 0.16 mg/kg from day 17 of pregnancy to 
1 day before weaning demonstrated Increased numbers of dead pups at parturition. it was 
reported that some rat pups showed slower leaming behavior, but this did not achieve 
statistical significance in one study, and in another study where significanca was reported, 

. this was by comparing dosed animale with controis of another study. 

The recommended dally human dose of 20-40 mg corresponds to 0.4-0.8 mg/kg for an 
average 50 kg woman. 

Hi set Category D: See WARNINGS. 

Nursing Mothers: It is not known whether thls drug Is excreted in human milk. Because 
many drugs are excreted in human milk and because of the potential for serious adverse 
rections In nursing Infants from NOLWADEX, a decision should be made whether to discon- h Ith 3 
te arrg or to discontinue the drug, taking into account the importance of the drug to i e a r O IO 

e mother. 

Adverse Reactlons: The most frequent adverse reactions to NOLVADEX are hot flashes, 


nausea, and vomiting. These may occur In up to one-fourth of patients, but are rarely severe f [ d 
enough to require discontinuation of treatment. or ear y y a rs 
Less frequently reported adverse reactions are vaginal Weeding, vaginal discharge, men- 
gtrual irregularities, and skin rash. Usually these have not been o kent severity to 
agus ey a reduction or discontinuation of treatment. 
— te an umar pain. ang aiso local = ar we oreaned, which i 
sometimes associa a good tumor response. Patients with increased bone pain may : : 
require additional analgesics, Patients with soft tissue disease may have sudden increases e over 600 medical and nursin 
ine size of preexisting lesions, sometimes assoctated with marked ery-hema within and f g ooks 
surrounding the leslons, and/or the development of new lesions. When occur, the bone 


pain or disease flare are seen shortly after starting NOLVADEX and anera subside rapidly. i medici ne, pha macy, dentist ’ 
V 


Other adverse reactions which are seen infrequently are hypercalcemla, peripheral edema, À . . 
ċistaste for food, pruritus vulvae, depression, dizziness, light-headedness, and headache. erina 
There have been iregun reports hrombosmbolle avenis eecarrin during NOLVADEX ; ry, Nursin : and allied hea th 
therapy. Since for cancer patients in general an increased incidence of thromboembolic for rac itione rs 
avents is known to occur, a causal relationship to NOLVADEX remains conjectural. An in- p $ 
creased Incidence has been reported when cytotoxins are combined with NOLVADEX. » ‘ a 
If adverse reactions are severe, It Is sometimes possible to control them by a simple students and institutions 
reduction of dosage without loss of contro! of the disease. 
Overdosage: Acute overdosage in humans hag not been reported. Signs observed at the @ 40 io r nals 
highest doses eset studies to determine LDso in animals were respiratory difficulties and J 
amu: No specific treatment for overdosage is known: treatment must be e 17 clinical loo e leaf servi 
mptomatic. 
Berit om tm ie re , = 
ow ad: Tablets containin en as thec nan amount equlłvaient to 10 mg | 3 
of tamoxifen (round, biconvax, uncoated, white tablet identified with NOLVADEX 800 e 28 audiovisual series 
e 5 computer programs 


Harper and Row, Inc. 


East Washington Square 
Philadelphia, PA 19105 













debossed on ong sida and a cameo debossed on the other side) are supplied In bottlas of 
60 tablets and 250 tablets. Protect from heat and light. ' 
. NDC 0038-0600 Rev G 6/88 
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In intra-abdominal infections.. 


new 


CEFOTAN.. 


(cefotetan disodium) — 


The cost-effective 
replacement 
for cefoxitin 


STUART PHARMACEUTICALS 
Division of ICI Americas Inc 
Wilmington. Delaware 19897 

Please see last page 


of this advertisement for brief summary 
- of prescribing information. 








CEFOTAN*” (cefotetan disodium) is an ideal agent 

in the treatment of intra-abdominal infections. 

As active as cefoxitin against Bacteroides fragilis— 
the most common anaerobe in intra-abdominal 
sepsis'—CEFOTAN provides superior gram-negative 
coverage and is particularly active against 
Escherichia coli and other common gram-negative 
pathogens. 





CEFOTAN is equal 
to cefoxitin in activity 
against B fragilis 


In vitro activity* against B fragilis 


MIG, (ng/mL) 
Investigator No. of Strains CEFOTAN Cefoxitin 





“In vitro activity does not necessarily correlate with in vivo effectiveness 
tFor cefoxitin, 388 strains were studied 


CEFOTAN has 

superior activity against 
the common 
gram-negative organisms 


Comparison of in vitro activity against Common gram-negative bacteria® 
MIC (ug/ml) 
Organism No. of Strains CEFOTAN Cefoxitin 


Investigators: Ayers LW, Jones RN, Barry AL, et al! 
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CEFOTAN has a half-life of 3 to 4.6 hours— 
more than 3 times that of cefoxitin.” And 
CEFOTAN sustains effective plasma concentra- 
tions for 12 hours.’ This outstanding pharmaco- 
kinetic profile permits twice-daily dosing in 
treatment and single-dose prophylaxis. 


CEFOTAN—effective 
twice-daily treatment 
and single-dose 
prophylaxis 









O In US clinical studies of intra-abdominal infections, 
CEFOTAN demonstrated a clinical cure rate of 96%° 


Clinical success* in abdominal surgical prophylaxis? 





Biliary tract 
Appendiceal 


Colorectal’ 








*Clinical success is defined as no signs or symptoms of intra-abdominal Investigators: Fabian T, Zellner S, Jagelman D, et al? 


Or postoperative wound infection during the hospital stay and tColorectal procedures were performed without 
follow-up period of seven to ten days postdischarge benefit of preoperative ora! bowel prep. 


4 In prophylaxis, CEFOTAN provides single-dose 
protection—even in delayed or prolonged procedures 


Switch to 


CEFOTAN... 


cefotetan disodium) 


for brief summary of prescribing information. The cost-effective replacement for cefoxitin 





CEFOTAN provides cost-effective therapy. 
For treatment, the usual adult dosage 

of CEFOTAN is 1 to 2 g every 12 hours” 

In prophylaxis, CEFOTAN is administered 
as a single 1- or 2-g dose.' 


Twice-daily CEFOTAN 
can save 45% In 
total treatment costs 


Overall cost of treatment with CEFOTAN and cefoxitin 


CEFOTAN Cefoxitin 





Regimen 2g b.i.d. 2g q.i.d. 
Drug cost/dose $15.60 $13.60 
Delivery cost/dose‘"° + 5.00 + 5.00 
Total cost/dose $20.60 $18.60 
Number of doses/day x2 x4 
Total cost/day $41.20 $74.40 
Cost savings/day $33.20 


Savings with CEFOTAN 45 % 


*Maximum daily dose should not exceed 6 g. In patients with renal impairment, dosage adjustment is necessary. (Consult brief summary.) 

‘In prophylaxis, CEFOTAN is administered 30 to 60 minutes prior to surgery or, in patients undergoing cesarean section, as soon as the umbilical 
cord is clamped. 

‘Direct price from Drug Topics Red Book, ed 89. Oradell, NJ, Medical Economics Co, p 362 

‘Minimum overall costs of supplies and labor for antibiotic preparation and administration 





O Single-dose prophylaxis can save 63% when 
compared with cefoxitin 


L 


CEFOTAN has a proven record of safety’ 
Adverse events are generally few and similar to those seen with 
first-generation cephalosporins. 


{Includes acquisition and delivery? costs for comparable 
regimens—CEFOTAN, 2 g x 1; cefoxitin, 2 g x 3 


Switch to 


CEFOTAN... . 


oe (cefotetan disodium) 


summary of prescribing information The cost-effective replacement for cefoxitin 


_UOTAN... 


cefotetan disodium 


For intravenous or intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE l l 
TREATMENT: CEFOTAN= (cefotetan disodium) is indicated tor the therapeutic treatment of the 
following infections when caused by susceptibie strains of the designated organisms: 


Urinary tract infections caused by £ col, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus so (which May inciude the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morgami). 


Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae). 
Staphylococcus aureus (penicillinase- and honpenicillinase-producing strains), Haemophilus 
influenzae (including ampicillin-resistant strains). Klebsiella species (including K pneumoniae), 
and E coli. 


Skin and skin structure infections caused by Staphylococcus aureus (peniciilinase- and nonpenicii- 
linase-producing strains), Staphylococcus epidermidis.’ Streptococcus pyogenes and Streptococcus 
species {excluding enterococci), and E coli. 


Gynecologic intections caused by Staphylococcus aureus’ (including penicillinase- and nonpenicil- 
linase-producing strains), § faphylococcus epidermidis * Streptococcus Species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 


B ovatus. B thetaiotaomicron), Fusobacterium species.) and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species). 


intra-abdominal infections caused by £ colt, Klebsiella species ( ne K pneumoniae’). Strepto- 
coccus Species {excluding enterococci), and Bacteroides species (excluding B distasonis. B ovatus. 
B thetaiotaomicron). 


Bone and joint infections caused by Staphylococcus aureus ! 
“NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 
"Efficacy for this organism in this organ system was studied in fewer than ten infections 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg. cesarean section. abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 50 minutes prior to surgery. in 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
Clamping of the umbilical cord. 

if there are signs and symptoms of infection. specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated 


CONTRAINDICATIONS 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 

Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous sive reensinily reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiousiy to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require epinephrine and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
Spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit 
overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary 
cause of antibiotic-associated colitis. Cholestyramine and colestipol resins have been shawn to bind 
the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone Moderate to severe cases should 
be managed with fluid, electrolyte. and protein supplementation as indicated. When the colitis is nat 
relieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for 
pn ee aa pseudomembranous colitis produced by C difficile. Other causes should atso be 
considered. 


PRECAUTIONS 

GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. Hf superinfection 
does occur during therapy, appropriate measures should be taker. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 


INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by Sng: sweating, headache, and tachycardia may occur when alcohol (beer. wine. 
etc} is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages following the administration of CEEOTAN. 


DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function 
should be carefully monitored. especially if higher dosages of the aminoglycoside are to be adminis- 
tered or if therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminaglyco- 
side antibiotics. Although, to date, nephrotoxicity has not been noted when GEFOTAN was given alone. 
it is possible that nephrotoxicity may be potentiated if CEFOTAN s used concomitantly with an 
aminoglycoside. 


DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Febling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
Serum and urine creatinine levels of Jaffe reaction and produce faise increases in the levels of 
creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential ot 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogo- 
nia and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions 
were dose-dependent: at 120 mg/kg/day (approx 2-4 times the usual human dose). only 1 of 10 
treated animals was affected, and the degree of degeneration was mild. Similar lesions have been 
observed in experiments of comparable design with other methylthiotetrazole-containing antibiotics 
and impaired fertility has been reported. particularly at high dese levels, No testicular effects were 
observed in 7-week-old rats treated with up to 1006 mg/kg/day SC for 5 weeks. or in infant dogs 
(3 weeks old} that received up to 300 mg/ kg/day IV for 5 weeks. The relevance of these findings to 
humans is unknown. 


USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are. however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive stucies are not always predictive of human 
esponse, this drug should be used during pregnancy only if cearly needed. 


CEFOTAN* (cefotetan disodium) 


USAGE IN NURSING MOTHERS: Cetfotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS . 
in clinical studies the following adverse effects were considered related to CEFOTAN therapy. 


Gastrointestinal symptoms occurred in 1.5 percent of patients: the most frequent were diarrhea (Tin 
80) and nausea (1 in 700). 


Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 
{1in 200), positive direct Coombs ‘test (1 in 250}, and thrombocytosis (1 in 300). 


Hepatic enzyme elevations occurred in 1,2 percent of patients and included a rise in SGPT (1 in 150}, 
SGOT (1 in 300}, alkaline phosphatase (117 700), and LDH (1 in 700}. 


Hypersensitivity reactions were reported in 1.2 percent of patients and included rash {iin 150) and 
itching (Tin 700}. 


Local effects were reported in less than one percent of patients and included phiebitis at the site of 
injection {tin 300), and discomfort (1 in 500). 


DOSAGE AND ADMINISTRATION 

TREATMENT: The usual aduit dosage is tor 2 grams of CEFOTAN administered intravenously of 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 
determined by the condition of the patient, severity of the infection, and susceptibility of the causative 
organism, 


at a ern ee 
GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 
tor 2 g every 24 hours {Vor iM 
1 or 2 g every 12 hours IV or iM 
Other Sites 2-4 grams 1 or 2g every 12 hours IV or 1M 
Severe 4 grams 2 g every 12 hours IY 
Life-Threatening 6* grams 3g every 12 hours IV 


‘Maximum daily dosage shouid not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once. intravenously. 
30 to 60 minutes prior to surgery In patients undergoing cesarean section, the dase should be 
administerec as soon as the umbilical cord is clamped. 


IMPAIRED RENAL FUNCTION: When renal tunction is impaired. a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


sea erent a 
DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 


mL/min Dose Frequency 
Se ahd 
»30 Usual Recommended Dose” Every 12 hours 
10-36 Usuat Recommended Dose’ Every 24 hours 
<40 Usual Recommended Dose’ Every 48 hours 


“Dose dete: mined by the type and severity of infection, and Susceptibility of the causative organism 


Cefotetan is E and itis recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 


HOW SUPPLIED 

CEFOTAN is a dry. white to pale yellow powder supplied in vials containing cefotetan disodium 
equivalent to 1g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g 
dose is available in 10 mL and 100 mL vials. and the 2 g dose is availabie in 20 mL and 100 mL vials. 
The vials should not be stored at temperatures above 22°C and should be protected from fight. 

tg ia 10 mi wal (NDC 0038-0376-10) 
2g in 20 mL vial (NDC 0038-0377-20} 
1g in 100 mL vial (NDC 0038-0376-1411) 
2g in 100 mL vial (NDC 0038-0377-21} 
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Brief Summary of Prescribing Information 
The following ıs a brief Summary only Before prescribing, see 
complete prescribing information in TYLOX product labeling 
CONTRAINDICATIONS: T YLOX capsules should not be 
administered to patients who have previously exhibited hyoersen 
Sitivity to any component 

WARNINGS: Drug dependence: Oxycodone can produce drug 
dependence of the morphine type and, therefore, has the 

potential for being abused. Psychic dependence, physica! 
dependence. and tolerance may develop upon repeated 
administration of TYLOX capsules, and they should be prescr bea 
and administered with the same degree of caution appropriate to 
the use of other oral narcotic-containing medications. Like other 
narcotic-containing medications, TYLOX capsules are subject tc 
the Federal Controlled Substances Act (Schedule II) 

Special Risk Patients: TYLOX capsules contain sodium 
metabisulfite. a sulfite that may cause allergic-type reactions (e.g 
nives, itching, wheezing, anaphylaxis) in certain susceptible 
persons Although the overall prevalence of sulfite sensitivity ır 
the general population is probably low 
in asthmatics or in atopic nonasthmatic persons 
PRECAUTIONS: General: Head /njury and Increased Intracrania 
Pressure’ The respiratory depressant effects of narcotics and 
their capacity to elevate cerebrospinal fluid pressure May be 
markedly exaggerated in the presence of head injury, other 
intracranial lesions. or a pre-existing 
sure Furthermore. narcotics produce adverse reactions which 
nay obscure the clinical course of patients with head injunes 
Acute Abdominal Conditions. The administration of TYLO 
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course in patients with acute abdomina 
Special Ri: k Patients: TY OX capsules 


onditions been conducted with TYLOX. It is also not known whether TYLOX 


can cause fetal harm when administered to a pregnant woman or 





should be given w 


Caution to certain patients such as the elderly or debilitated, and can affect reproductive capacity. TYLOX should be given to a 

those with severe impairment of hepatic or renal function pregnant woman only if clearly needed : 

hypothyroidism, Addison's disease, and prostatic hypertrophy or Nursing Mothers: |t is not known whether the components ot 

urethral stricture this drug are excreted in human milk. Because many drugs are 
Information for Patients: Oxycodone nenta excreted in human milk, caution should be exercised when 

and/or physica! abilities required for the p potentially TYLOX is administered to a nursing woman 

hazardous tasks such as driving a car or nery Pediatric Use: TYLOX capsules should not be administered to 
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The patient using TYLOX capsules st children 
accordingly ADVERSE REACTIONS: The most frequently observed adverse 
Drug Interactions: Patients receiving other narcotic analgesics reactions include lightheadedness, dizziness, sedation, nausea 
antipsychotics, anti-anxiety agents, or other CNS depressants and vomiting. These effects seem to be more prominent in 
including alcohol, concomitantly with TYLOX capsules, may ambulatory patients than in nonambulatory patients, and some of 
exhibit additive CNS depression due to the ox 10 these adverse reactions may be alleviated if the patient lies down 
nent. When such combined therapy ntemplated, the dose oj Other adverse reactions include allergic reactions, euphoria, 
one or both agents should be reduced The use of MAO inhibitors oysphoria, constipation, skin rash, and pruritus At higher doses 
or tricyclic antidepressants with oxycodone preparations May oxycodone has most of the disadvantages of morphine including 
increase the effect of either the antidepressant or oxycodone The respiratory depression 
concurrent use of anticholinergics with oxycodone May produce Full directions for use should be read before administering or 
paralytic ileus prescribing 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Ni For information on symptoms and treatment of overdosage, see 


long-term studies in animals have been performed with oxycodone prescribing information 1/16/86 
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for cefoxitin 


For Intravenous or intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN™ (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 


Dreary tract infections caused by E coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp {which may include the organisms now Called Proteus vulgaris, Providencia 
retigeri, and Morganelia morganii). 


Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae). 
Staphylococcus aureus (penicillinase- and nonpenicillinase-progucing strains}, Haemophilus 
ana {including ampicillin-resistant strains), Klebsiella species (including K pneumoniae). 

and E coli, 


Skin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus pyogenes and Streptococcus 
species (excluding enterococci}, and E coli. 


Gynecologic infections caused by Staphylococcus aureus? (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus species (excluding entero- 
cocci), £ coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasanis. 
B ovatus, B thetaiotaomicron), Fusobacterium species! and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species"). 


intra-abdominal infections caused by E coli, Klebsiella species (including K pneumoniae’), Strepte- 
coccus species (excluding enterococci), and Bacteroides species {excluding B distasonms, B ovatus, 
8 thetaiotaomicron). 


Bone and joint infections caused by Staphylococcus aureus? 
*NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 
‘Efficacy for this organism in this organ system was studied in fewer than ten infections. 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, addominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 tc 60 minutes prior to surgery, In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. i 

if there are signs and symptoms of infection, specimens for culture shouid be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 


CONTRAINDICATIONS 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 

Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 

patient has had previous hypersensitivity reactions to cefotetan disodium, nigh 

ering or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
ntibiotics should be administered with caution to any patient whe has demonstrated some torm of 

allergy, particularly to ongs. if an allergic reaction to CEFOTAN occurs, discontinue the drug. 

Serious acute hypersensitivity reactions may require epinephrine and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); theretore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit 
overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary 
cause of antibiotic-associated colitis. Cholestyramine and colestipot resins have been shown to bind 
the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance aione. Moderate to severe cases should 
be managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not 
relieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for 
eee pseudomembranous colitis produced by C difficile. Other causes should also be 
considered. 


PRECAUTIONS 

GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptibie organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease. 
particulafly colitis. 


INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-ltke reaction 
characterized by rusning, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages following the administration of CEFOTAN. 


DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function 
should be carefully monitored, especially if higher dosages of the aminoglycoside are to be adminis- 
tered or if therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminaglyco- 
side antibiotics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 
itis possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 


DRUG/LABORATORY TEST INTERACTIONS: A faise positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cetotetan has adverse effacts on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose} an days 6-35 of life (thought to be 
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developmentally analogous to late childhood and popoe in humans) resulted in reduced testicular ` 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected ceils included spermatogo- 
nia and spermatocytes: Sertoli and Leydig cells were unatfected. Incidence and severity of lesions 

were dose-dependent: at 120 mg/kg/day Tooo 2-4 times the usual human dose}, omy tof 10 
treated ansmals was affected, and the degree of degeneration was mild. Similar lesions have been 
observed in experiments of comparable design with other methylthiotetrazole-containing antibiotics 
and impaired fertility has been reported. particularly at high dose levels. No testicular effects were 
observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs 

(3 weeks cid) that received up to 300 mg/kg/day IV for § weeks. The relevance of these findings to 
humans is unknown. 


USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlied 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 


USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low Concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS l 
in clinical studies the following adverse effects were considered related to CEFOTAN therapy. 


Gastrointestinal symptoms occurred in 1.5 percent af patients; the most frequent were diarrhea {fin 
80) and nausea (tin 700}. 


Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 
(tin 200), positive direct Coombs’ test (1 in 250), and thrombocytosis (1in 300) 


Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (7 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LOH ( in 700). 


Hypersensitivity reactions were reported in 1.2 percent of patients and included rash {tin 150) and 
itching (1 in 700). 


Local effects were reported in fess than one percent of patients and included phlebitis at the site of 
injection {1 in 300), and discomfort {1 in s00 


DOSAGE AND ADMINISTRATION 

TREATMENT: The usual aduit dosage is 1 or 2 grams of CEFOTAN administered intravenously or 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 
determined by the condition of the patient, severity of the infection, and susceptibility of the causative 
organism, 








GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours lV or IM 
tor 2g every 24 hours IV or IM 
1 or 2g every 12 hours ÍV or IM 
Other Sites 2-4 grams tore qevery 12 hours IV or iM 
Severe 4 grams 2g every 12 hours IV 
Life-Threatening 6° grams 3g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once. intravenously, 
30 to 60 minutes prior to surgery, in patients undergoing cesarean section, the dose should be 
administered as soon as the umbilical cord is clamped. 


IMPAIRED RENAL FUNCTION: When renal function is impaired. a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DONNONS EOE ONNE aaan nanie aaao 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 


Creatinine Clearance : 
mL/min Dose Frequency 
satan a EE a i a cat as Ra le tae enc ia 
30 Usual Recommended Dose” Every 12 hours 
10-30 Usual Recommended Dose* Every 24 hours 
<10 Usual Recommended Dose” Every 48 hours 


Poe ie E aera PRT FOOT TN orca NAD A Dn SEE Nae SOAS E EEE mE E ORION TORENT 
* Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent nemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 


HOW SUPPLIED 

CEFOTAN is a dry, white to pale yellow pg 
equivalent to 1g and 2 g cefotetan act 
dose is available in 10 mL and i00 
The vials should not be stored att 
tgin 10 mi vial (NDC 0038-0376: 
2g in 20 mL vial (NDC 0038-0377 2 aoe p go TN 
1 gin 100 mh vial INe 0038-63 on oy DAE 
2 gin 100 mi vial (NDC 0038-037 %21 3 So 
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Helps prevent wound hematoma. 


Hemostasis with THROMBOSTAT prior to 
closure significantly reduces the frequency 
of postoperative wound hematoma. Ina 
controlled study involving 102 heparinized 
patients, 82.4% of the thrombin-treated group 
were free of any hematoma, while 64.7% of 
the untreated group developed hematoma! 


Rapidly effective. 

The rapid hemostatic action controls oozing 
from capillaries and small venules in 

seconds. Full strength THROMBOSTAT solution 
can clot an equal volume of blood in less 

than a second, or 1,000 ml of blood in less than 


a minute. 


Versatile. 


THROMBOSTAT offers easy application 

and is a valuable aid to hemostasis in many 
fields of surgery wherever oozing blood from 
capillaries and small venules is accessible. 


REFERENCE 

1. Hashemi K, Donaldson LJ, Freeman JW, et al: The use of topical 
thrombin to reduce wound haematoma in patients receiving low-dose 
heparin. Curr Med Res Opin 198);7:458-462. 









THROMBOSTAT ™ (Thrombin, USP) Bovine Origin 

Botore prescribing, please see full prescribing information. 

A Brief Summary follows: 

Thrombostat must not be injected! Apply on the surface 

of bleeding tissue as a solution oc powder. 

INDICATIONS: Thrombostat (Thrombin, USP) is indicated as an aid 
in hemostasis wherever oozing blood from capillaries and small 
venules is occeasible. 

In various types of surgery solutions of Thrombostat may be used 
in confunction with Absorbable Gelatin Sponge, USP for hemostasis, 
CONTRAINDICATION: Thrombosetct is contraindicated in persons 
xnown to be sensitive to any of {ts components and/or to material of 
novine origin. 

WARNING: Because of its action in the clotting mechanism, 
Thrombostat must not be injected or otherwise allowed to enter 
large blood vessels. Extensive intravascular clotting and even 
death may result. Thrombostat is an antigenic substance and 
kas caused sensitivity and allergic reactions when injected into 
cnimals. 

PRECAUTIONS: Consult the absorbable gelatin sponge product 
labeling for complete information for use prior to utilizing the 
thrombin-saturated-sponge procedure. 

ADVERSE REACTIONS: An allergic type reaction following the use 
of Thrombostat for trecctment of epistaxis has been reported. Febrile 
Tecctions have also been observed following the use of Thrombostat 
in certain surgical procedures but no cause-elfect relationship has 
been established. 

DOSAGE AND ADMINISTRATION: Solutions of Thrombostat may 
be prepared in sterile distilled water or isotonic sa:ine. The 
intended use determines the strength of the solution to prepare. For 
general use in plastic surgery dental extractions, skin gratting, 
neurosurgery etc, solutions comtaining approximately 100 units per 
rol are frequenily used. For this, 10 m! of diluent added to the 1000 
unit package is suitable. Where bleeding is profuse, as from cut sur 
faces of liver and spleen, concentrations as high as 1000 to 2000 
urdits per ml may be required. For this the 5000 unit vial dissolved in 
5ml or 2.5 ml! respectively of the diluent supplied in the package is 
convenient Intermediate strengths to suit the needs of the case may 
be prepared by selecting the proper strength package and dissolv- 
ing the contents in an appropriate volume of diluent. In many situa- 
tlona, it may be advantageous to use Thrombostat (Thrombin, USP) 
in dry form on oozing surfaces. 

Caution: Solutions should be used the day they are prepared. If 
several hours are to ekipse, the solution should be refrigerated, 
preferably frozen, and not used after 48 hours. 

The following techniques are suggested for the topical applica- 
then. of Thrombostat: 

1. The recipient surface should be sporxjed (not wiped) free of blood 
balore Thrombostert is applied. 

2. A spray may be used or the surface may be flooded using a ster- 
ile syringe and small gauge needle. The most effective hemostasis 
results when the Thrombostat mixes freely with the blood as soon cs 
it reaches the surface. 

3. Ir: instances where Thrombostat in dry form is needed, the vial is 
opened by removing the metal ring by flipping up the plastic cap 
ard tearing counterclockwise. The rubber. n cap may be 
easily removed and the dried Thrombestat te then broken up into a 
powder by means of a sterile glass rod or other suitable sterile 
instrument. 

4. Sponging of treated surfaces should be avoided in order that the 
clot remain securely in place. 

Thrombostat may be used in conjunction with Absorbable Gelatin 
Sponge, USP as follows: 

1. Prepare Thrombostat solution of the desired strength. 

2. Immerse sponge strips of the deaired size in the Thrombostiat solu- 
tion. Knead the sponge strips vigorously with moistened fingers to 
remove trapped alr, BR facilitating saturation of the sponge. 

3. Apply saturated sponge to bleeding area. Hold in place for 10 to 
15 seconds with a pledget of cotton or a amall gauze sponge. 
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and markedly shortened LOS* 
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MARK IV is the most 
compact (#18 Fr), efficient, 
and occlusion resistant 
design since initially intro- 
duced in 1963. Its integral 
spring guide-wire makes it 
the most easily passed. 


DISTRIBUTED BY 


MOSS TUBES, INC. 
Box 296 

W. Sand Lake, NY 12196 
(518) 674-3109 


of #18 Fr biocompatible 
urethane for minimum 
trauma without sacrificing 
efficiency or performance. 


*Send for reprints documenting 
clinical results at 
multiple centers. 
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. SURGICAL DISEASES OF THE PANCREAS 


Edited and with contributions by JOHN M. HOWARD, 
M.D., Medical College of Ohio at Toledo, Toledo, Ohio: 
GEORGE L. JORDAN, JR., M.D., Baylor College of Medi- 
cine, Houston, Texas; and HOWARD A. REBER, M.D, 
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TREATMENT OF SHOCK: 

Principles and Practice, 2nd ed. 

Edited and with contributions by JOHN BARRETT, M.D., 
and LLOYD M. NYHUS, M.D., both of University of Illinois 
College of Medicine, Chicago, Illinois. A practical, step- 
by-step guide to shock management is skillfully rein- 
forced with selected explanations of the pathophysiology 
of shock and modern methods of shock therapy. Although 
much of the content is new, the book maintains the practi- 
cal nature of the first edition and continues to be oriented 
toward the clinical approach to the patient. 242 pp. (7 x 
10), 34 illus., 1986, $27.50. 


= SURGICAL TREATMENT OF CONGENITAL 
o HEART DISEASE, 3rd ed. 

By GRADY L. HALLMAN, M.D., DENTON COOLEY. M.D., 
and HOWARD P. GUTGESELL. M.D., all of Baylor Univer- 
sity, Houston Texas. Each chapter deals with a major 
anomaly and describes. history, embryology, diagnosis 
(including symptoms, physical examination, roenigeno- 
gram, eletrocardiogram, echocardiogram, and cardiac 
catheterization), indications for operation, operative tech- 
nic, complications, and results. Both palliative and 
corrective operations are described. About 210 pp. (8% x 
11), 95 illus., January 1987, In Prep. About $50.00. 
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Edited and with contributions by N: TY SMITH, M.D., 
University of California, San Diego, California, and ALDO 
N. CORBASCIO, M.D., University of the Pacific, San Fran- 
cisco, California. All facets of the interaction process 
receive detailed attention. Divided into two sections, the 
first six chapters discuss general principles of drug inter- 
action. These initial chapters facilitate an understanding 
of the second section, in which specific groups of drugs 
and their interactions. are detailed. 482 pp. (7 x 10), 74 illus., 
1986, $47.50. 
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E SURGERY OF THE FOOT 


By KENT K. WU, M.D., Henry Ford Hospital, Detroit, Mich- 
igan. Delivers consistent, detailed information for a 
multitude of congenital and acquired foot defects. Every 
one is specified as to degree of incidence, clinical signs 
and symptoms, roentgenographic manifestations, patho- 
logic anatomy, surgical and nonsurgical methods of _ 
treatment. Organized with a regional approach to the. ~ 
probiems of the foot, individual chapters on the great toe, 
middie toes, fifth toe, and tarsal and metatarsal regions 
contain thorough coverage. 537 pp. (7'/sx 10%), 573 illus., 
1986. $65.00. 


DIAGNOSTIC PATIENT STUDIES IN SURGERY 
Edited by BERNARD SIGEL, M.D., The Medical College of - 
Pennsylvania, Philadelphia, Pennsylvania. Organized by i 
the three major classifications of procedures used in 
patient studies (imaging, endoscopy, and the function 
analyses applicable to most work-ups of the cardiac, geni- 
tourinary, respiratory, gastrointestinal. and neurological 
systems), the most frequently required. and requested 
diagnostic studies from each category are gathered under 
one cover. Every procedure is explained, summarized as 
to its strengths, weaknesses and principal indications for 
use. 449 pp. (774 x 10'i}, 359 illus., 1986, $60.00. 


A PRIMER OF WATER, ELECTROLYTE AND 
ACID-BASE SYNDROMES, 7th ed. 

By EMANUEL GOLDBERGER, M.D., New York Medical 
College, Valhalla, New York. The new edition offers an 
understandable, entirely readable analysis of the com- 
plexities of water, electrolyte and acid-base disorders. The 
practical format of the previous edition has been retained, 
and the book continues to emphasize the clinical syn- 
dromes associated with these disturbances. Dr. 
Goldberger has contributed vital new information on 
many subjects. References have been updated. 414 pp. 
(5% x 9%), 25 illus. paperback, 1986, $19.50. 


SURGICAL CARE H 5 
Edited by ROBERT E. CONDON, M.D., Medical College 
of Wisconsin, Milwaukee, Wisconsin: and JEROME 
DeCOSSE, M.D., Memorial Sloan-Kettering Cancer Cen- 
ter, New York, New York. Subjects are considered with 
respect to the biochemical, physiological, pharmacologi- 
cal and biophysical principles that. underlie proper — 
diagnosis and treatment. New. chapters examine: gastroin- _ 


testinal motility; vascular physiology; pathophysiology of | 


sepsis; and homeostatic mechanisms for successful pre- 
vention or intervention. 431 pp. (74x 104), 135 illus., 1985, 
$64.50. 
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And now Weck is ready with 
the Hemoclip X20.The first ring- 
handled automatic ligating clip 
applier that’s as close to perfect 
as yOu Can get. 

But during development, we 
corrected a lot of flaws we found 
in competitive « 
disposables, and Se= 
even in our own first-stage X20 
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Here's the result: the X20’s long ~ 
straight shaft, curved tip and jaws 












f- 


provide smooth, accurate place- 
ment. Jaws are always visible, and 
they don'tretractor jump forward 
during closure. 

There’s no cocking a feeder, 
because the new X20 with clip 
counter is fully automatic. This 
truly one-handed disposable vir- 
tually eliminates o Sa clips. 

Contact your Wec aam 
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NOLVADEX. .. first-line hormonal therapy 


in metastatic breast cancer in postmenopausal women... 
with a side effects profile so mild, 
they may never be inconvenienced by therapy. 
That’s the real beauty of NOLVADEX. 


Nolvadex ©) 


TAMOXIFEN CITRATE/STUART 


Hormonal therapy they can live with. 


Please see adjacent page for brief summary of prescribing information. 
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BRIEF SUMMARY 
MOFVADEX» (tamoxifen citrate} 10 mg tablets 
'ndècations ane Usage: NOLVADEX is effective in the treatment of metastatic breast carcer in 
JomMenopausal women. Available evidence indicates that patients whose tumors are estro- 
jer receptor positive are more likely to benefit fram NOLVADEX therapy 

SOLVADEX in combination with cytotoxic chemotherapy following radical or modified 
tadcal mastectomy is effective in delaying recurrence of surgically curable breast cancer in 
porimenopausal women or women age 50 or older with positive axillary nodes. In the Hubay 
anc NSABP studies mast of the benefit to date has been in the sutgroup with 4 or mare 
positive axillary nodes. The contribution of the oe chemotherapy is uncertain The 
estogen and progesterone receptor values may help to predict whether the adjuvant therapy 
is Ekely to be beneficial. 
Couraindications: None known. 
Warnings: Pregnancy Category D: NCLVADEX may cause fetal harm when administered to a 
pregnant woman, Individuais should not become pregnant while taking NOLVADEX. Effects 
on reproductive functions are expected from the antiestrogenic properties of the drug in 
rewroductive studies in rats at dase levels equal to or below the human dose. nonteratogeric 
dewelopmenta: skeletal changes were seen and were found to be reversibie. In addition, in 
fe tility studies in rats and in teratology studies in rabbits using doses at or below these used 
inhumans, a tower incidence of egg implantation and a higher incidence of feta! death or 
recarded in utero growth were observed, with slower learning behavior in some rat pups. The 
impairment of learning behavior did not achieve statistical significance in one study, end in 
arather study where significance was reported. this was by comparing dosed animais with 
centrois of another study. Several pregnant marmosets were dosed during organogenesis or 
in the last hat of pregnancy. No deformations were seen. and although the dose was high 
enough to terminate pregnancy in some animals, those that did maintain pregnancy showed 
na evidence o7 teratogenic malformations. There are no adequate and well-controlled studies in 


p-egnant women, There have been reports of spontaneous aborticns, birth defects. fetal deaths. 


aid vaginal Bleeding. H this drug is used during pregnancy or the patient becomes pregnant 
while taking this drug. the patient should be apprised of the potential hazard to the fetus 

Ocular changes have been reported in a few patients who. as part of a clinical triaj, were 
teated for periods greater than ane year with NOLVADEX at doses at least four times the 
highest recommended daily dose of 40 mg. The ocular changes consist of retincpat? y. and in 
some patents, there are aiso corneal changes and a decrease in visual acuity 

in addition, a few cases of ocular changes including visual disturbance, cornea! changes, 
and/or retinopathy have been reported in patients treated with NOLVADEX at recommended 
coses. It is uncertain if these effects are due to NOLVADEX 

As with other additive hormonal therapy (estrogens and androgens), hypercalcemia has 
geen reported in some breast cancer patients with bone metastases within a few weeks of 
starting treatment with NOLVADEX if hypercalcemia does occur. appropriate measures 
ahould de taken, and if severe, NOLVADEX should be discontinued 
recautions: General: NOLVADEX shouid be used cautiously in patients with existing leuko- 
Jenja of thrombocytopenia. Observations of leukopenia and thrombocytopenia occasionally 
rave been made, but it is uncertain H these effects are due to NOLVADEX therapy Transient 
decreases in platelet counts. usually te 50 000-100 000 mm? infrequently lower. have been 
occasionally reported in patients taking NOLVADEX for breast cancer No hemorrhajic ten- 
dency has been recorded, and the platelet counts returned to rormal levels even though 
treatment with NOLVADEX continued 

Laborate-y Tests: Periodic complete blood counts, including platelet counts, may de 
appropriate 

Carcinogenesis: While no conventional bioassay has been conducted, endocrine changes 
inimmature and mature mice were investigated in a 13-month study. Various tumo’s were 
found in all treated groups 

Mutagenesis: No genotoxic potential has been found in a battery of in vivo and in vitro 
tests with pro- and eukaryotic test systems with drug metabo izing systems present. 

Impairment of Fertility: Fertility of male rats was decreased when doses of 6.96 mg/kg ar 

reater were administered 11 weeks prior to mating, and fertility in female rats was decreased 
ollowing administration of 0.04 mg/kg for two weeks prior to mang through day 7 of 
pregnancy There was a decreased number of implantations. and all fetuses were found dead 

Following administration to rats of 8.16 mg/kg from days 7-17 of pregnancy, there were 
increased iumbers of fetai deaths. Administration of 0.125 mg/kg to rabbits during days 
6-18 of pregnancy resulted in abortion or premature delivery. Fetal deaths occured at higher 
doses. There were no teratogenic changes in either rat or rabbit segment H studies Several! 
pregnant marmosets were dosed with 10 mg/kg/day either during organogenesis or in the 
last haif of pregnancy. No deformations were seen, and although the dose was high enough 
to terminate pregnancy in some animals. those that did mairtain pregnancy showed no 
evidence ot teratogenic malformations. Rats given 0.16 mg/<q from day 17 of pregnancy to 
1 day before weaning demonstrated increased numbers of dead pups at parturition H was 
reported that some rat pups showed slower learning behavior, but this did not achieve 
Statistical significance in one study, and in another study where significance was reported, 
this was by comparing dosed animals with controls of another study. 

The recommended daily human dose of 20-40 mg corresponds to 0.4-0.8 mg/kg for an 
average 50 kg woman 

Pregnancy Category D. See WARNINGS. 

Nursing Mothers: itis not known whether this drug is excreted in human milk, Because 
many drugs are excreted in human milk and because of the jotential for serious adverse 
reactions in nursing intants from NOLVADEX, a decision should be made whether to discon- 
tinue nursing or to discontinue the drug, taking into account the importance of the drug to 
the mother. 

Adverse Reactions: The most frequent adverse reactions to NOLVADEX are hot ‘lashes, 
nausea, and vomiting. These may occur in up to one-fourth of patients, but are -arely severe 
enough to require discontinuation of treatment 

Less frequently reported adverse reactions are vaginal bleeding, vaginal discharge, men- 
siryal irregularities, and skin rash. Usually these have not been of sufficient severity to 
require dosage reduction or discontinuation of treatment. 

increased bone and tumor pain, and also local disease flare have occurred, which are 
sometimes associated with a good tumor response. Patients with increased bone pain may 
require additional analgesics Patients with soft tissue disease may have sudde 1 increases 
in the size of preexisting lesions, sometimes associated with marked erythema within and 
Surrounding the lesions, and/or the development of new lesions. When they occur, the bon: 
pain or disease flare are seen shortly after starting NOLVADEX and generally subside rapid}. 

Other adverse reactions which are seen infrequently are hypercalcemia, peripheral edema, 
distaste for food, pruritus vuivae, depression, dizziness. light-headedness, and headache. 
There have been infrequent reports of thromboembolic events occurring during NOLVADEX 
therapy. Since for cancer patients in general an increased incidence of thrombaembolic 
events s known to occur, a Causal reiationship to NOLVADEX remains conjectural. An in- 
creased incidence has been reported when cytatoxins are combined with NOLVADEX. 

if adverse reactions are severe, it is sometimes possible to control them by a simple 
reduction of dosage without joss of control of the disease. 

Overdosage: Acute overdosage in humans has not been reported. Signs obse ved at the 
highes® doses following studies to determing LD.» in animals were respiratory difficulties cad 
convulsions. No specific treatment for overdosage is known: treatment must be 
symptomatic. 

casey and Administration: One or twa 10 mg tablets twice a day (morning aad evening). 
How Supplied: Tablets containing tamoxifen as the citrate in an amount equivalent to 10 mg 
of tamoxifen (round, biconvex, uncoated. white tabiet identified with NOLVADEX 600 
Gebossed on one side and a cameo debossed on the other side) are supplied i1 bottles of 

60 tab-ets and 250 tablets. Protect from heat and fight. 
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“I'D LIKE TO MAKE 

AN APPOINTMENT 
WITH THE 
DOCTOR” 





Be prepared, Doctor. More patients 
will be asking about colorectal cancer. 
According to a survey* conducted by the 
American Cancer Society, many people 
would like to receive more information 
about colorectal cancer, and 83% said 
they would want to be checked for it. 
Further, they are learning that this cancer 
can be detected before symptoms ay. pear. 
The present cure rate is 44%. The cure 
rate coud be as high as 75%, with early 
detection and appropriate management. 

For asymptomatic persons the Society 
recommends annual digital rectal exam- 
ination at age 40 and over; at age 50 and 
over, an annual stool blood test, as well as 
sigmoidoscopy every three to five years, 
following two initial annual negative 
sigmoidoscopies. 

We're here to help. You can reach us at 
your local American Cancer Society office 
or write to our Professional Education 
Department at National Headquarters, 

90 Park Avenue, New York, NY. 10016. 
Ask about the Society's Colorectal Check 
program of professional and public 
education for the early detection of 
colorectal cancer. 





“Cancer of the Colon and Rectum: Summary of Public 
Attitude Survey, Ca 33:359-365, 1983 (Nov.-Dec. ). 
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Indispensable tools for 
maintaining professional competency 


Problems 

iv 
GENERAL $ 
t SURGERY f 


Problems in 
General Surgery 


Lloyd M. Nyhus, M.D., Editor. 


This series of hardbound volumes features a sym- 
posium on a specific topic in general surgery in 
each issue. it serves as an outlet for the publicetion 
of original articles aimed at defining and sugges:ing 
solutions to difficult problems encountered in prac- 
tice. Clinical problems are emphasized, with con- 
centration on difficulties and complications. Lead’ng 
authorities, chosen for their expert knowledge in 
their assigned topics, contribute articles on speci‘ic 
Subjects, pooling the expertise of specialists for the 
benefit of generalists. 


Published quarterly. Individual rate $50.00 per year 
(U.S.}, $60.00 (elsewhere). Residents $30.00 
(U.S. only). 


Annals of Surgery 


Official Publication of The American Surgical 
Association, The Southern Surgical Association, 
Philadelphia Academy of Surgery, and 
the New York Surgical Society 
David C. Sabisten, Jr., M.D., Chairman of 
Editorial and Advisory Board. 
Annals of Surgery—the world's oldest exclusively 
surgical journal—has provided the medical com- 
munity with reports on significant contributions to 
ihe advancement of surgical science and practice 
for over 100 years. its 20,000 subscribers find it 
a practical way to keep up to date with important 
developments in surgery. 
Published monthly. individual rate $45.00 per year 
(U.S.}, $62.00 (elsewhere), Residents $31.00 

ac oom (U.S.}, $48.00 (Canada). 






Please enter my subscriptions to the journals checked: 


The American Surgeon 


Official Publication of the 

Southeastern Surgical Congress, the Midwest 
Surgical Association, and the Association of 
Clinical Anatomists 

Arlie R. Mansberger, Jr., M.D., Editor-in-Chief. 


An authoritative forum for the publication of original 
papers contributing to the advancement of surgery, 
Each issue contains information on the clinical appli- 
cation of new methods used in the management of 
patients; review articles with continuing education 
questions; condensed reviews of unusual case re- 
ports; “How | Do It’’ articles emphasizing the tech- 
nical aspects of surgery. 


Published monthly. Individual rate $43.00 per year 
(U.S.), $53.00 (elsewhere). Residents $29.00 
(U.S. only). 


Current Surgery 


The Official Journal of the Association of 
Program Directors in Surgery 
Lloyd M. Nyhus, M.D., Editor. 


An internationally renowned editorial board prepares 
abstracts from every dependable source of surgical 
information throughout the world. Drawing on their 
awn clinical experience and that of other recognized 
authorities, the members of the board provide com- 
mentary to further amplify and illuminate the 
material contained in each abstract. Aiso included 
are editorials, reports of new discoveries, residents 
comer, and book reviews. 


Published bimonthly. Individual rate $35.00 per 
year (U.S.), $44.00 (elsewhere). Residents $23.00 
(U.S.), $29.00 (Canada). 
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Diseases of the 
Colon and Rectum 


Official Journal of the American Society 
of Coion and Rectal Surgeons 
John R. Hill, M.D., Editor-in-Chief. 


This journal publishes reports on contemporary 
practice in the diagnosis and management of proc- 
tologic diseases and surgery. International in scope, 
it includes articles from physicians worldwide who 
share their important discoveries tnat offer new 
insights into basic research in metabolism, 
pathology. virology, radiology, and the clinical 
practice of medicine and surgery. 


Published monthly. Individual rate $68.00 per year 
(U.S.), $82.00 (elsewhere). Residents $44.00 
(U.S.), $68.00 (Canada). 


Journal of 
Cardiovascular Surgery 


Official Journal of the International Society 
for Cardiovascular Surgery 


R. A. Deterling, Jr. and S. S. Rose, 
Co-chief Editors. 


The Journal is devoted to disease of the heart and 
the entire vascular system. It presents concise, 
informative coverage of the most signiticant work 
being done in diagnostic, experimental, and clinical 
surgery of the heart and blood vessels. 


Published bimonthly. Individual rate $80.00 per 
year (North America only). 
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THE BROADES 
ANTIBIO 


INTRAVENOUS 


IN 


(Imipenem-Cilastatin Sodium/MSD) 


For presumptive therapy 
in certain seriously ill patients with: 
Infections of unknown etiology 





PRIMAXIN is highly effective for infections caused by indicated bacteria in most body sites: 
lower respiratory tract, urinary tract, skin and skin-structure, intraabdominal, gynecologic, 
and bone and joint infections, bacterial septicemia, and endocarditis. 

PRIMAXIN is not active against chlamydiae and Pseudomonas maltophilia, some strains of 
Pseudomonas cepacia, many strains of methicillin-resistant staphylococci, Streptococcus 
faecium, some strains of anaerobic corynebacteria, and some strains of Flavobacterium. 
PRIMAXIN is contraindicated in patients who have shown hypersensitivity to any component 
of this product. Before initiating therapy with PRIMAXIN, careful inquiry should be made con- 
cerning previous hypersensitivity reactions to penicillins, cephalosporins, other beta-lactams, 
and other allergens. If an allergic reaction to PRIMAXIN occurs, discontinue the drug. 
Serious hypersensitivity reactions may require epinephrine and other emergency measures. 
In vitro susceptibility does not necessarily imply in vivo effectiveness. 
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Copyright © 1986 by Merck & Co., Inc. 
Please see Brief Summary of Prescribing Information. 
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(Imipenem-Cilastatin Sodium/MSD) 
THE BROADEST SPECTRUM 


ANTIBIOTIC EVER 


Contraindications: PRIMAXIN is contraindicated in patients who have shown 
hypersensitivity to any component of this product. 

Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY Fish 
ie) REACTIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH 
BETA LACTAMS. THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS 
WITH A HISTORY OF SENSITIVITY TO MULTIPLE ALLERGENS. 

THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY 
REACTIONS WHEN TREATED WITH ANOTHER BETA LACTAM. BEFORE INITIATING 
THERAPY WITH PRIMAXIN, CAREFUL INQUIRY SHOULD BE MADE CONCERNING 
PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, 
OTHER BETA LACTAMS, AND OTHER ALLERGENS. iF AN ALLERGIC REACTION TO 
PRIMAXIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVHTY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis has been reported with virtually all antibiotics, including 
PRIMAXIN: therefore it is important to consider its diagnosis in patients who 
develop diarrhea in association with antibiotic use. This colitis may range in 
severity from mild to life threatening. 

Mild cases of pseudomembranous colitis may respond to drug discontinuance 
alone. In more severe Cases, management may include sigmoidoscopy, appropriate 
bacteriological studies, fluid, electrolyte, and protein supplementation, and the use 
of a drug such as oral vancomycin, as indicated. isolation of the patient may be 
advisable. Other causes of colitis should also be considered. 

Precautions: Genera/-CNS adverse experiences such as myoclonic activity, cen- 
fusiona states, or seizures have been reported with PRIMAXIN. These experiences 
have occurred most commonly in patients with CNS disorders (e.g., brain lesions. or 
history of seizures) who also have compromised renal function. However, there were 
rare reports in which there was no recognized or documented underlying CNS 
disorder. Close adherence to recommended dosage schedules is urged especially 
in patients with known factors that predispose to seizures. Anticonvulsant ther- 
apy should be continued in patients with a known seizure disorder If focal 
tremors, myoclonus, or seizures occur, patients should be placed on anticonvulsant 
therapy. If CNS symptoms continue, the dosage of PRIMAXIN should be decreased 
or discontinued. 

As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of 
nonsusceptible organisms. Repeated evaluation of the patient's condition is essen- 
tial. If superinfection occurs during therapy, appropriate measures should be taken. 
While PRIMAXIN possesses the characteristic low toxicity of the beta-lactam group 
of antibiotics, periodic assessment of organ system function during prolonged 
therapy is advisable. 

Drug interactions ~Since concomitant administration of PRIMAXIN and probeneeid 
results in only minimal increases in plasma levels of imipenem and plasma half-life, 
it is not recommended that probenecid be given with PRIMAXIN. 

PRIMAXIN should not be mixed with or physically added to other antibiotics. 
However, PRIMAXIN may be administered concomitantly with other antibiotics, 
such as aminoglycosides. 

Carcinogenesis, Mutagenesis, Impairment of Fertifity-Gene toxicity studies were 
performed in a variety of bacterial and mammalian tests in vivo and in vitro. The 
tests were: V79 mammalian cell mutation assay (PRIMAXIN alone and imipenem 
alone), Ames test (cilastatin sodium alone), unscheduled DNA synthesis assay 
(PRIMAXIN), and in vive mouse cytogenicity test (PRIMAXIN). None of these tests 
showed any evidence of genetic damage. 

Reproduction tests in male and female rats were performed with PRIMAXIN at 
dosage levels up to 8 times the usual human dose. Slight decreases in live fetal 
body weight were restricted to the highest dosage level. No other adverse effects 
were observed on fertility, reproductive performance, fetal viability, growth, or 
postnatal development of pups. Similarly, no adverse effects on the fetus or on 
lactation were observed when PRIMAXIN was administered to rats late in gestation. 
Pregnancy- Pregnancy Category C: Teratogenicity studies with cilastatin sodium in 
rabbits and rats at 10 and 33 times the usual human dose, respectively, showed no 
evidence of adverse effect on the fetus. No evidence of teratogenicity or adverse 
effect on postnatal growth or behavior was observed in rats given imipenem at 
dosage levels up to 30 times the usual human cose. Similarly, no evidence of 
adverse effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 





Teratology studies with PRIMAXIN at doses up to 11 times the usual human dose in 
pregnant mice and rats during the period of major organogenesis revealed no 
evidence of teratogenicity. 

Data from preliminary studies suggest an apparent intolerance to PRIMAXIN 
(including emesis, inappetence, body weight loss, diarrhea, and death) at doses 
equivalent to the average human dose in pregnant rabbits and cynomolgus mon- 
keys that is not seen in nonpregnant animals in these or other species. In other 
Studies, PRIMAXIN was well tolerated in equivalent or higher doses (up to 11 times 
the average human dose) in pregnant rats and mice. Further studies are under 
way fo evaluate these findings. 

There are, however, no adequate and well-controlled studies in pregnant women. 
PRIMAXIN should be used only if the potential benefit justifies the potential risk 
to the fetus. 

Nursing Mothers--\t is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised when 
PRIMAXIN is administered to a nursing waman. 

Pediatric Use~Safety and effectiveness in infants and children below 12 years of 
age have not yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 
patients treated in clinical trials were severely ill and had multiple background 
diseases and physiological impairments, making it difficult to determine causal 
relationship of adverse experiences to therapy with PRIMAXIN. 

Local Adverse Reactions—Local adverse clinical reactions that were reported as - 
possibly, probably, or definitely related to therapy with PRIMAXIN were: phlebitis/ 
thrombophlebitis (37%), pain at the injection site (0.7%), erythema at the injection 
site (0.4%), vein induration (0.2%), infused vein infection (01%). 

Systemic Adverse Reactions The most frequently reported systemic adverse clini- 
cal reactions that were reported as possibly, probably, or definitely related to 
PRIMAXIN were: nausea (2.0%), diarrhea (1.8%), vomiting (1.5%), rash (0.9%), fever 
(0.5%), hypotension (0.4%), seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), 
pruritus (0.3%), urticaria (0.2%), somnolence (0.2%). 

Additional adverse systemic clinical reactions reported as possibly, probably, or 
definitely drug related occurring in less than 0.2% of the patients are listed within 
each body system in order of decreasing severity: Gastrointestinal- pseudomem- 
brangus colitis see WARNINGS), hemorrhagic colitis, gastroenteritis, abdominal 
pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, increased 
salivation, CNS—encephalopathy, confusion, myoclonus, paresthesia, vertigo, head- 
ache: Special Senses—transient hearing loss in patients with impaired hearing, 
tinnitus; Respiratory~chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain: Cardiovascular--palpitations, tachycardia; Rena/~oliguria/anuria, polyuria: 
Skin—erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin 
texture changes, candidiasis, pruritus vulvae; Body as a Whole—polyarthralgia, 
asthenia/weakness. 


Adverse Laboratory Changes: Adverse laboratory changes without regard to 
drug relationship that were reported during clinical trials were: Hepatic ~increased 
SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH; Hemic—increased eosino- 
phils, positive Coombs Test, decreased WBC and neutrophils, increased WBC, 
increased platelets, decreased platelets, decreased hemoglobin and hematocrit, 
increased monocytes, abnormal prothrombin time, increased lymphocytes, 
increased basophils: E/ectrolytes -decreased serum sodium, increased potassium, 
increased chloride; Rena/—increased BUN, creatinine: Urinalysis—presence of urine 
protein, urine red blood cells, urine white blood cells, urine casts, urine bilirubin, 
and urine urobilinogen. 

NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that 
the maximum total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever 
iS lower. 


How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials and 
infusion bottles containing imipenem anhydrous and cilastatin sodium as follows: 
250 mg imipenem equivalent and 250 mg cilastatin equivalent; 500 mg imipenem 
equivalent and 500 mg cilastatin equivalent. 

Caution: The suspension from vials is not for direct infusion. MISO 
For more detailed information, consult your MSD Representative ERCK 
or see Prescribing Information, Merck Sharp & Dohme, Division S Ç 
of Merck & Co., Inc. West Point, PA 19486 Jspro7 1185 (007362400) 
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Improved Burn Center Survival of Patients with 
Toxic Epidermal Necrolysis Managed 


without Corticosteroids 





PAUL H. HALEBIAN, M.D. 
VALERIE J. CORDER, B.S., R.N. 


Fifteen consecutive patients with toxic epidermal necrolysis or 


. the Stevens-Johnson syndrome managed without corticosteroids 


after transfer to the burn center (group 2) are compared to a 
previous consecutive group of 15 who received high doses of 
these drugs (group 1). Group 2 had a 66% survival, which was 
a significant improvement compared to the 33% survival in group 
1 (p = 0.057). In group 1, mortality was associated with loss of 
more than 50% of the body surface area skin. In group 2, mor- 
tality was related to advanced age and associated diseases. Age, 


extent of skin loss, progression of skin loss after burn center ` 


admission, incidence of abnormal liver function tests, and the 
incidence of septic complications were not significantly different 
in the two groups (p > 0.10). The incidence of detected esophageal 
slough was similar in both groups. Nonsteroid (group 2) man- 
agement was associated with a decreased incidence of ulceration 
of gastrointestinal columnar epithelium, Candida sepsis, and an 
increased survival after septic complications. The combined ex- 
perience of these 30 patients suggests that corticosteroids are 
contraindicated in the burn center management of toxic epidermal 


| necrolysis and the Stevens—Johnson syndrome. 


Presented at the 16th Annual Meeting of the American Burn Asso- 


_ ciation, April 11, 1984, San Francisco, California, 


Supported by the Schatzberg Fund. 

Address for correspondence: Pauli Halebian, M.D., Box 346, New York 
Hospital~CUMC, 525 E. 68 St, New York, NY 10021. 

Reprint requests: G. Thomas Shires, M.D., Chairman, Dept. of Surgery, 


ge New York Hospital-CUMC, F 726, 525 E. 68 St, New York, NY 10021. 
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MICHAEL R. MADDEN, M.D. | 


JEROME L. FINKLESTEIN, M.D. 
G. THOMAS SHIRES, M.D. 


From the New York Hospital Burn Center—Corneli University 
Medical Center, New York, New York 


OXIC EPIDERMAL NECROLYSIS (TEN) is a severe 
exfoliative dermatologic disorder of unknown 
etiology that has entered the realm of general 

surgical practice with the advent of specialized burn cen- 
ters.'?© TEN, also known as Lyell’s disease,’ is considered 
by many to be a severe variant of the Stevens-Johnson ` 
syndrome (SJS),=-'° which may or may not involve pre- 
ceding erythema multiforme (Fig. 1). Clinically, these pa- 
tients suffer extensive, painful loss of the epidermis, mu- 
cosal ulceration (Fig. 2), and fever. There may be signif- 
icant morbidity and mortality. High-dose corticosteroid 
therapy is the most consistently advocated therapeutic 
intervention. Dosages of 240-1000 mg hydrocortisone 
equivalents daily are recommended, with the goals of pre- 
venting further epidermal involvement and controlling 
such clinical manifestations as fever and discom- 
fort, 12412,13,15 

The first 15 of these patients treated at our burn center 
received high-dose corticosteroids based on such recom- 
mendations (group |). A previous report documented an 
unacceptably high mortality from sepsis in these pa- 
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FiG. |. Admission photograph of the leg of a group 2 survivor who 
suffered 95% TBSA skin loss, There is the simultaneous appearance of 
classic targets lesions of erythema multiforme with ulcerations diagnostic 
of the Stevens-Johnson syndrome and diffuse loss of the epidermis in 
sheets with a positive Nikolsky sign (displacement of seemingly unin- 
volved skin with lateral pressure), which is characteristic of toxic epidermal 
necrolysis, 


tients.!° In many cases, the septic event seemed more vir- 
ulent than that encountered in similarly injured burn pa- 
tients. This experience led to a reappraisal of the use of 
corticosteroids. Since techniques of basic burn care should 
adequately support patients with extensive cutaneous 
wounds, all attempts to alter the course of the disease with 
immunosuppressive therapy were abandoned. Cortico- 
steroids were not instituted, and, if already started at re- 
ferring institutions, they were discontinued. The initial 
experience with this protocol was encouraging. '® 
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Fic. 2. Typical facial presentation of TEN/SJS. There is extensive ul- 
ceration of the oral mucosa causing crusting around the mouth. Corneal 
slough produces photophobia, causing the patient to keep her eyes closed 
tightly. Dried serum can act like a tissue glue and should be gently cleared 
from the lid margins. The conjunctival spaces should be irrigated fre- 
quently with ophthalmic solutions and antibiotics to prevent adhesions 
between the lid and the globe (symblepharons} and secondary infections. 


HALEBIAN AND OTHERS 


Ann. Surg. * November 1986 


Since that report, 13 additional patients with toxic epi- 
dermal necrolysis or Stevens-Johnson syndrome (TEN/ 
SJS) have been admitted, making a total of 15 consecutive 
patients who have undergone the nonsteroid protocol 
(group 2). The following report describes the current pro- 
tocol, presents the clinical characteristics of the recent 
nonsteroid (group 2) patients, compares these character- 
istics with those of the earlier steroid-treated (group 1) 
patients, and finally condemns the continued use of cor- 
ticosteroids in the management of patients with TEN/SJS 
severe enough to require care in a burn center. 


Methods 


The criteria for inclusion were the clinical character- 
istics of TEN or SJS, a dermal—epidermal cleavage plane 
on frozen section, and an absence of acantholysis on per- 
manent section of skin obtained by punch biopsy at the 
time of admission. Biopsies were evaluated by an inde- 
pendent dermatopathologist. 

A history of recent new drug intake or symptoms oc- 
curring before or at the time of skin or mucosal involve- 
ment were sought from all patients, with special reference 
to upper respiratory infections. 

On admission, ruptured bullae and areas of necrotic 
epidermis that came off easily were debrided. The total 
extent of skin slough was calculated using a Lund and 
Browder chart. Mucosal ulcerations were noted as well. 
Extension of progression of the skin slough was evaluated 
by comparison with this admission record during subse- 
quent daily dressing changes. 

If started at referring institutions, corticosteroids were 
stopped in the first days after admission. The timing of 
discontinuance was based on the clinical presentation, 
the duration and dosage of steroid therapy, and the pa- 
tient’s response to the drastically decreased doses. Concern 
about adrenal insufficiency (either absolute or relative) 
was the only factor determining the rate of taper. Specif- 
ically, the loss of skin or other manifestations of TEN/ 
SJS had no effect on the timing of steroid discontinuance. 

Ringer’s lactate was begun on admission in all patients, 
mainly via a peripheral vein. The rate was determined by 
the patient’s condition and urine output. Patients were 
given a trial of spontaneous voiding, but most required a 
Foley catheter. In the absence of active sepsis, colloid was 
administered 1f serum albumin was less than 2.0 g/dL. 
Since ileus was uncommon in the absence of sepsis, clin- 
ically stable patients were encouraged to begin oral intake 
from the time of admission. 

The preferred primary topical therapy was 0.5% AgNO, 
by an occlusive technique. Gauze dressings were changed 
on a daily basis when the body was gently washed with a 
dilute (10%) chlorhexidine gluconate (Hibiclens®) in saline 
solution. Coverage with skin substitutes was indicated for 
pain relief in patients without complications. 
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The patients were evaluated prospectively for leuko- 
penia (WBC: 3.4 X 1000), electrolyte abnormalities, and 
abnormal liver function tests (alkaline phosphatase > 110 
U/L, total bilirubin > 1.0 mg/dl, SGOT > 45 U/L, SGPT 
> 45 U/L) by at least daily laboratory tests during the 
acute phase of the disease. They were monitored for septic 
complications by daily cultures of blood, urine, and spu- 
tum. Vaginal pharyngeal, conjunctival, and cutaneous 
wound swab cultures were sent on admission and later as 
needed. 

Autopsies were aggressively sought for all patients who 
died. Particular attention was directed to the incidence 
and site of gastrointestinal involvement, occult septic foci, 
and the integrity of the tracheobronchial mucosa during 
the postmortem examination. Esophagograms and upper 
gastrointestinal roentgenograms were performed on sur- 
vivors with poor oral intake or dysphagia. Early panen- 
doscopy was recommended to all survivors with appro- 
priate symptoms. 

Antacids and nystatin were administered enterally every 
4-6 hours orally or by feeding tube. Nutritional support 
was administered enterally to achieve caloric levels cal- 
culated by a modified Harris Benedict formula?” and to 
prevent weight loss. Parenteral nutrition was reserved for 
those periods when enteral nutrition was not possible. 

Using isolation technique, the patients were cared for 
in single rooms in the burn unit. They did not share any 
facilities with burn patients during the acute phase, par- 
ticularly while still receiving corticosteroids. Care of ocu- 


lar, oral, and perineal ulcerations was provided four to - 


six times a day with gentle irrigation, using appropriate 
sterile solutions. Nurses working one on one with the pa- 
tient were guided by a care plan designed specifically for 
TEN/SJS. l 

Invasive monitoring was reversed for specific indica- 
tions in the critically ill. Intravascular catheters were 
managed according to recommendations for burn pa- 
tients." Catheter tips were routinely cultured by quanti- 
tative techniques, unless they were obviously contami- 
nated on removal. 

The effects of steroid (group 1) versus nonsteroid (group 
2) therapy on mortality, progression of skin slough after 
burn unit admission, and incidence of septic complica- 
tions were assessed by chi square analysis and Fisher’s 
exact test. These two groups were further compared by 
Student’s t-test for age, extent of skin loss, and the length 
of time from onset of skin lesions until burn unit admis- 
sion. 


Results 


All of the patients in group 2, like those in the early 
group, had extensive areas of confluent epidermal loss, 
leaving exposed dermis that was extremely tender and 
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Group 1 Group 2 p 
N (% total) 5 (33) 10 (66) 0.057 
% TBSA skin loss 41249 73 +8 <0.05 | 
(None > 50% loss) (7 > 60% loss) 
Age 45+9 32+9 >0.10 
Patients with septic 
complications 1 4 


TBSA = total body surface area. 


erythematous. Mucosal ulceration was present in all pa- 


- tients. The oral and conjunctival surfaces were most fre- 


quently involved (Fig. 2), but ulcerations of anal, vaginal, 
corneal, nasal, and pharyngeal mucosae were often ob- - 
served as well. Routine histologic evaluation confirmed 
the diagnosis in every case, with a nonspecific pattern on 
immunofluorescence staining. Pathologic findings were 
all consistent with descriptions in the literature. !7!8-29 

Autopsies were performed on three of the five patients 
from group 2 who died. This compares favorably with 
the rate in group 1, where five of the ten nonsurvivors 
were autopsied. 

Ten patients from group 2 survived, compared to only 
five from group | (Tables 1 and 2) (p = 0.057). Progression 
of skin slough, a marker of active disease, occurred after 
admission in nine patients from group | and seven pa- 
tients from group 2. This was not significantly different. 
Comparison of age (46 + 6 vs. 37 + 7 years), morbid days 
before burn center admission, and the amount of skin 
sloughed (69 + 6 ys. 73 + 6% total body surface area, 
TBSA) showed no significant differences between groups 
1 and 2, respectively (Table 3). 

Four patients from group 2 never received corticoste- 
roids. One of these patients died. In the remaining 11 
patients, these drugs were tapered over a mean of 3.4 days. 
Four of these patients died. Those patients who had a 
history of chronic steroid use required more time for safe 
discontinuation. For example, a patient previously treated 


TABLE 2. Mortality 


Group | Group 2 p 

Nonsurvivors (%) 10 (66) 5 (33) 0.057 
% TBSA slough 84+3 8it 9 >0.10 
Age : 47+8 54+12 >0.10 
Cause of death Sepsis Sepsis* 
Organism. gram (—) 7 gram (—) 3 

gram (+) 1 gram (+) 2 

fas scl) (Staphylococcus aureus) 
Candida 2 


TBSA = total body surface area (epidermal loss). 
* Sepsis preceded by acute myocardial infarction and pulmonary em- 
bolus in one Patient and severe hyperglycemic hypernatremic hyperos- 
molar coma in one. 
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TABLE 3. Clinical Characteristics of All Patients 


Group | Group 2 
(N = 15) (N = 15) p 
Age (years) 46 +6 Cy ee | >0.10 
% TBSA slough 69 +6 73 +6 >0.10 
Morbid days prior to BU 
admission 7.30.7 8.3+ 1.1 >0.10 
Progression of slough after 
admission 7 >0.10 
Patients with infections il 9 >0.10 
Corticosteroid therapy in BU High dose 11 patients 
Taper, d/c 
3.5 + 0.7 days 
4 patients 
No steroids 


Results expressed as mean + SEM. 
TBSA = total body surface area (epidermal loss); BU = burn anit. 


with steroids who had the onset of skin slough while re- 
ceiving daily pulse therapy with 1 g of methylprednis>lone 
had steroids discontinued over 7 days, the longest taper 
in group 2. In contrast, another patient treated with ste- 
roids for only 3 days was noted to have a pneumonia on 
admission and had steroids stopped from the time of ad- 
mission. This was the most rapid taper in group 2. Only 
one survivor from group 2 showed symptoms consistent 
with adrenal insufficiency. This patient received a brief 
period of stress-dose steroids until Staphylococcus sepsis 
was documented as the cause of hypotension. Free serum 
cortisol was 54 ug/dl by radioimmunoassay, a level con- 
sistent with the normal adrenal response to sepsis. Four 
of the five patients who died in group 2 received stress 
doses of corticosteroids at the time of clinical deteriorgtion 
because of previous steroid therapy and concern about 
adrenal insufficiency. 

No patient from group | who lost more than 50% of 
TBSA skin survived the injury (Table 1). In marked con- 
trast, seven of the ten survivors from group 2 lost more 
than 60% TBSA skin (four of these lost 90% TBSA or 
more). This difference is reflected by the larger mean sur- 
face wound in group 2 survivors (73 + 8% TBSA) com- 
pared to group | (41 + 9% TBSA). Group 2 survivors 
tended to be younger than those from group |. However, 


TABLE 4. Gastrointestinal Involvement 


Group | Group 2 
Esophageal slough 2 3 
(Both died) (1 surviror) 
GI ulcerations 5 1 
Elevated LFT 9 10 
Bilirubin > $ l l 





LFT = liver function tests—bilirubin, SGOT, SGPT, alkaline pkos- 
phatase. 
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two of them were over 65 years old, with greater than 
75% TBSA skin loss. 

Nonsurvivors in both groups tended to be older than 
survivors (Table 2). Both groups of nonsurvivors included 
a single patient, received in a moribund state of septic 
shock, who died within 6 hours of admission. Sepsis con- 
tinued to be the final cause of death in all those who died. 
In contrast to group 1, two group 2 patients suffered severe 
nonseptic complications before the onset of sepsis. One 
patient with severe coronary artery disease suffered a large 
anteroseptal myocardial infarction. Another patient was 
transferred in a hyperosmolar coma (glucose: 870 mg/dl, 
sodium: 176 mg/dl, chloride: 138 mg/dl, admission val- 
ues) and became septic during the period of fluid and 
electrolyte correction. 

Esophageal slough was detected with equal frequency 
in both groups (Table 4). Esophageal involvement was 
documented in one survivor from group 2 by panendos- 
copy. All of the other findings were made during autopsy. 
Abnormal liver function tests were also detected with 
equal frequency. Only one patient from each group dem- 
onstrated clinical jaundice; the remainder had mild ab- 
normalities of hepatocellular enzymes or bilirubin. In 
contrast, gastrointestinal ulcerations distal to the gastro- 
esophageal junction in columnar epithelium were found 
in five of the 15 patients from group 1 and in only one 
patient from group 2 (this patient, described earlier suf- 
fered from hyperosmolar coma and subsequent sepsis). 

Examination of the tracheobronchial mucosa in the 
three autopsied patients revealed only a localized area of 
necrosis in the trachea produced by the cuff of the en- 
dotracheal tube. No gross or microscopic defects in mu- 
cosal integrity were observed distal to this point. Fiberoptic 
bronchoscopy was performed for pulmonary toilet and 
placement of nasotracheal tubes during the acute phase 
in three additional patients. Normal pink tracheobron- 
chial mucosa was observed. This mucosa was not friable 
and did not bleed, despite aggressive pulmonary toilet. 

Small pulmonary emboli were found in two of the three 
postmortem examinations from group 2 and in one of 
the five autopsied patients from the early series. 

Infectious complications were documented and treated 
with appropriate intravenous antibiotics in nine of the 
patients from group 2; five of these were fatal septic pro- 
cesses (Table 5). Gram-negative sepsis caused three of 
these deaths, one of which was polymicrobial in nature 
(in the patient mentioned above with hyperosmolar coma 
and intestinal ulcerations). The other two patients who 
died suffered from Staphyloccus aureus sepsis. One, with 
methicillin-sensitive Staphylococcus septicemia, arrived 
in a moribund condition and died within hours of arrival. 
The other had a methicillin-resistant organism. Two of 


the survivors were resuscitated from septic shock, which =. 


was due in both cases to methicillin-resistant S. aureus. 
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The other two had a symptomatic gram-negative lower 
urinary tract infection. Of the seven patients who had 
positive blood cultures, five had positive venous catheter 
tip cultures 24-48 hours before the diagnosis of sepsis was 
apparent (three with S. aureus). Only one of these was a 
peripheral line. Exploration revealed suppurative throm- 
bophlebitis due to methicillin-resistant S. aureus, which 
required saphenous vein excision. This patient, a survivor, 
simultaneously developed hematogenous pneumonia and 
bilateral tension pneumothoraces, which required tube 
thoracostomies. One patient grew methicillin-resistant S. 
aureus from a central vein catheter tip and subsequently 
developed Staphylococcus septicemia but survived. Two 
patients with positive central vein catheter tips and sub- 
sequent sepsis who died underwent autopsy. No pus was 
found in the central veins, but microabscesses were found 
in the lungs. Blood cultures were positive on admission 
in five patients from group 2, two of whom died. 

Infection occurred with similar frequency in 11 patients 
from group 1; ten of these were fatal processes. The only 
survivor from group | with documented sepsis suffered 
from methicillin-resistant S. aureus endocarditis. Of the 
ten who died, two suffered from disseminated Candida 
sepsis (one of these had an invasive intestinal Candida 
overgrowth), and one succumbed to pneumococcal sepsis. 
The other seven patients who died suffered from gram- 
negative sepsis, which was polymicrobial in three (two of 
these were autopsied and found to have GI ulcerations). 
No patient from this group survived septic shock. Four 
patients from this group had positive blood cultures on 
admission; all of them died. 

Leukopenia was observed in one patient from group 2 
in the absence of systemic sepsis and in six patients with 
sepsis. Two of these had S. aureus sepsis and four had 
gram-negative organisms. In group 1, leukopenia occurred 
in six patients and was always accompanied by gram- 
negative sepsis. 

Two group 2 patients suffered symptomatic hyperna- 
tremia. One, mentioned previously, was in a hyperosmolar 
coma on admission. The other developed a free-water def- 
icit, which was easily corrected. Hyponatremia, detected 
frequently in group 2 patients, was corrected in all cases 
before it became symptomatic. These and other metabolic 
complications were similar to those in group 1 patients. 

There was a history of recent new drug exposures for 
every patient in both groups. These drugs were usually 
considered causative for the development of skin slough 
by referring institutions, although in several cases the ex- 
posure was minor or preceded by symptoms that may 
have been part of the prodrome of TEN/SJS. Drug ex- 
posure was similar in the two groups, although Dilantin® 

and phenobarbital were implicated five times in group 2 


~~ and only three times in group 1. This reflects the more 


frequent history of seizure disorder observed in group 2 
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TABLE 5. Microbiology of Patients with Septic Complications 


Group | (N = 11) Group 2 (N = 9) 
Gm (—) sepsis 8 Gm (—) sepsis 5 
Polymicrobial 3 Polymicrobial | 
Gm (+) sepsis 2 Gm (+) sepsis 4 
(1 Staphylococcus aureus, | (AH S. aureus, 3 
Streptococcus pneumoniae) MRSA) 


Candida sepsis 2 





In group 2, there were 5 IV catheter tip cultures positive for organisms 
subsequently recovered from blood (4 central lines, 1 peripheral-sup- 
purative thromophlebitis). 

MRSA = methicillin-resistant S., aureus. 


(Table 6). The groups were similar in the incidence of 
chronic autoimmune diseases. Adult onset diabetes mel- 
litus was present in approximately one third of the patients 
from each group. Symptoms of an upper respiratory in- 
fection preceded skin involvement and drug exposure in 
five of the patients from group 2, compared to three from 


group |. 


Discussion 


A decrease in mortality was achieved in a group of pa- 
tients managed in the burn center with a protocol that 
excludes corticosteroids, compared to an earlier group 
treated with large doses of these drugs. Both groups were 
similar in terms of age, severity of disease reflected by 
extent of epidermal loss, and the time between onset and 
burn center admission. Management without corticoste- 
roids was associated with the survival of more severely 
injured patients. Infections were documented in approx- 
imately two thirds of the patients from both groups, caus- 
ing a 91% mortality in steroid-treated patients compared 
to 56% mortality in those not given these drugs. It seems 
that this improvement in survival resulted from the elim- 
ination of an iatrogenic source of mortality rather than 
an effect on the primary process in TEN/SJS. This con- 


TABLE 6. Associated Diseases 


Group |! Group 2 
(No. of Patients) (No. of Patients) 
AODM (4) AODM (5) 
Seizure disorder (2) Seizure disorder (5) 
Rheumatoid arthritis (1) Rheumatoid arthritis (1) 
SLE (1) SLE (1) 
Goodpasture’s syndrome (1) AIDS + pneumocystis (1) 


Granulomatous colitis (1) 
Thoracotomy for trauma (1) 


Granulomatous colitis (1) 
Craniotomy for cerebral 
aneurysm (1) 


Prodromal URI symptoms (3) 






AODM = adult onset diabetes mellitus; SLE-= 

matosis; AIDS = acquired immunodghci¢n 

respiratory infection (cough, sore thréat). . 
S ce 
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demnation of corticosteroid use is in agreement with sim- 
ilar reports from other burn centers** and echoes misgiv- 
ings occasionally voiced in the dermatologic literature re- 
garding such therapy.” !72!.22 

The use of corticosteroids is based on the concept 
that these disorders are delayed-type hypersensitivity 
reactions'”*? and is supported by anecdotal reports, usu- 
ally of a single patient.'**'' In a series of 15 patients 
described by Bjornberg, hydrocortisone, in doses from 200 
to 800 mg, reportedly controlled the epidermal loss and 
allowed 12 to survive. Two of the in-hospital deaths were 
due to sepsis.'? An additional patient rendered cushingoid 
by months of chronic steroid therapy died suddenly after 
discharge and was found to have an occult septic focus.'! 
While the reported survival is impressive, there was no 
attempt to compare these patients to control patients 
managed without steroids. It is difficult to tell the severity 
of the primary disease, since there was no quantification 
of skin loss or mucosal involvement. Our own experience 
would suggest that patients with less than 50% TBSA skin 
loss are more able to survive high-dose steroid therapy. 
Rasmussen’s review of erythema multiforme in children 
suggests that, even with minor disorders, increased mor- 
bidity is associated with steroid therapy,” which may ex- 
plain why five of Bjornberg’s 12 survivors required hos- 
pitalization beyond 3 months.'? All ten survivors from 
group 2 healed most of their wounds within 14 days of 
admission. Only one of these patients required hospital- 
ization for more than 3 months (for complications of a 
suppurative thrombophlebitis), All the rest were ready for 
discharge less than a month after admission. 

Since infections complicated the hospital course of pa- 
tients from both groups with equal frequency, it appears 
that improvements in survival in the nonsteroid patients 
resulted from differences in the type and severity of septic 
complications and an increased salvage of infected pa- 
tients, reflecting improved host resistance. Candida sepsis, 
observed twice in group 1 and noted frequently by others,’ 
was notably absent in the nonsteroid group, although oral 
Candida was found frequently on admission. The liberal 
use of enteral nystatin may have played a role. Bacterial 
infections in group 2 were more likely due to S. aureus 
in contrast to the overwhelming incidence of gram-neg- 
ative sepsis in those receiving steroids. Positive cultures 
of central venous lines preceded the onset of sepsis in 
several cases, although suppurative peripheral thrombo- 
phiebitis was documented in only one patient. These 
complications developed despite replacement of the cath- 
eter every 72 hours, as recommended by Pruitt. 

High-dose corticosteroids markedly suppress the clinical 
signs of sepsis. It is possible that the improvements in 
survival noted in group 2 resulted from the earlier detec- 
tion of septic complications, leading to earlier therapy. 
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The observation of leukopenia in the absence of sepsis 
in one patient in group 2 suggests that this is an effect of 
the primary disease, as suggested by Marvin® and Kim.° 
In group 1, leukopenia was always associated with gram- 
negative sepsis. It is possible that leukopenia associated 
with TEN/SJS may lead to sepsis. Corticosteroid therapy 
may alter the leukocyte count. While the etiology of leu- 
kopenia is not clear, such a finding demands a thorough 
evaluation for septic complications. 

Ulcerations of the GI tract were detected in one third 
of the patients in group | (Table 4). While the disorder 
has a predilection for stratified squamous epithelium, 
which explains esophageal slough, these ulcers were dis- 
covered in columnar epithelium. In one patient, such ul- 
cers were the site of invasive candidiasis and may have 
contributed to polymicrobial sepsis in two others. In the 
absence of thorough pathologic studies, involvement of 
cell types other than squamous epithelium has not been 
ruled out. This raised some concern in implementing the 
nonsteroid protocol. While cutaneous wounds could be 
routinely managed, intestinal slough is more difficult. If 
steroids were mitigating the disease process, cessation 
might increase the incidence of GI mucosal defects. A 
recent report confirmed the long-held impression that GI 
ulcerations are increased during corticosteroid therapy.” 
The lower incidence of such ulcers in group 2 patients 
supports the hypothesis that they are a consequence of 
steroid therapy and not the result of the primary disease 
process, although the lower incidence of septic shock and 
multisystem failure in group 2 may have contributed to 
the lower incidence of ulceration. 

Mild elevations of liver enzymes were noted with equal 
frequency in both groups. Jaundice was clinically apparent 
in only one patient from each group. The mechanism of 
such dysfunction is not clear, but it may result from the 
primary disorder rather than from a second process, as 
suggested by Shaw.6 

Esophageal slough was found with equal frequency in 
both groups, further supporting the hypothesis that TEN/ 
SJS may cause slough of any area of stratified squamous 
epithelium. The specificity of the lesion for squamous ep- 
ithelium is illustrated in the photomicrograph in Figure 
3. This shows a biopsy of the upper esophagus of a group 
2 nonsurvivor who had islands of ectopic gastric mucosa 
present in this area since birth. The mucosal slough has 
entirely denuded the surrounding esophageal squamous 
epithelium, while the ectopic columnar epithelium is in- 
tact and unaffected despite its location. 

The incidence of GI involvement may be underesti- 
mated in both groups, since patients do not undergo en- 
doscopic examination on a routine basis. While such ex- 
aminations are feasible and could probably be performed 
safely, the presence of oral and pharyngeal ulcerations 
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Fic. 3. Biopsy from the upper 
esophagus of a nonsurvivor 
from group 2, demonstrating 
the specificity of the mecha- 
nisms of slough for squamous 
epithelium. Islands of con- 
genital ectopic gastric mucosa 
(columnar epithelium), to the 
right, are uninvolved, despite 
their location. The normal 
esophageal mucosa, on the 
left, has been denuded by 
complete loss of stratified 
squamous epithelium. Mag- 
nification X32. 


might increase the morbidity in these patients. In the ab- 
sence of specific therapy for esophageal ulcerations dis- 
covered by endoscopy, such examinations have been re- 
served for symptomatic, clinically stable individuals. 
Esophagograms and upper GI roentgenograms are cur- 
rently performed during the recovery phase of symptom- 
atic survivors to screen for abnormalities. Stein described 
an esophageal stricture in a patient after a 75% skin 
slough.” An esophageal web in a group 2 survivor was 
disrupted during endoscopy, which also revealed resolving 
esophageal inflammation. Patients should be monitored 
for such complications by an esophagogram and appro- 
priate endoscopy. Although we have not observed vaginal 
stenosis, it has been described after SJS*’ and merits at- 
tention during outpatient follow-up. 

The lack of defects or slough in the tracheobronchial 
mucosa supports the concept that the lesion is specific for 
stratified squamous epithelium. This also suggests that 
the copious sputum and tracheobronchial casts that these 
patients occasionally cough up’? originate in supraglottic 
pharyngeal mucosa or from secondary pneumonia. 

Pulmonary emboli were discovered incidentally in 
nearly half of the patients who were autopsied. Throm- 
boembolism has been described during the acute phase 
of erythema multiforme.”* Such complications are more 
likely caused by prolonged bedrest than by the primary 
disease. The frequent occurrence of esophageal and pha- 


b ryngeal mucosal defects distinguishes these patients from 
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those with cutaneous burns. Consequently, intubation of 
the lungs or the stomach may be more complicated. 
Whenever possible, soft Silastic® tubes and gentle tech- 
nique are indicated. Obstruction of maxillary and frontal 
sinus drainage by nasotracheal tubes is a potential com- 
plication that might be increased by the presence of ne- 
crotic tissue in these patients, leading to a sinus abscess. 
While this has not been documented, in our experience 
such documentation is difficult to obtain in the intensive 
care unit setting with a critically ill patient. 

Topical therapy with 0.5% AgNO; is currently preferred 
for these patients. This agent allows control of cutaneous 
flora without sulfate exposure, and the gauze dressings 
protect the exposed dermis from further trauma. Hypo- 
natremia and hypothermia may complicate AgNO, top- 
ically but have not been a major problem. Group 1 pa- 
tients were covered with povidone iodine foam for the 
most part. In theory, the superficial nonescharotic lesion 
of the epidermis should not require topical chemotherapy; 
thus, this difference in topical therapy should not have 
significantly contributed to the improved survival ob- 
served in group 2. Topical chemotherapy may be more 
important in the patient with severe neutropenia. 

Marvin described five patients managed with a non- 
steroid protocol, which includes coverage of all TEN/SJS 
patients with porcine heterografts.° Demling combined 
porcine heterograft coverage with conventional steroid 
therapy in a single patient.’ In contrast, Davidson achieved 
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TABLE 7. Long-term Complications in Survivors from Each Group* 


Group 2 
(No. of Patients) 


Group | 
(No. of Patients) 





Symblepharons (2) 
(ankylosymblepharons in 1) 

Esophageal “web” (1) 

Perianal abscess (1) 

Hypertrophic scars (1) 

Sicca syndrome (1) 


Tear duct atrophy + sicca 
syndrome (3) 

Gastric ulcer (1) 

Sigmoid colon phlegmon (1) 





* Some patients had more than one complication. 


adherence with homograft but not pigskin in a steroid- 
treated patient.” It is possible that concomitant steroid 
therapy interferes with the adhesion of these skin substi- 
tutes to the underlying wound. Four patients from group 
2 underwent secondary coverage—one with homograft 
and the rest with the synthetic Biobrane®. There were no 
problems with adherence of these biologic and synthetic 
skin substitutes, which decreased the pain and protected 
the cutaneous wound until healing. The rate and qual:ty 
of healing seemed no better than that observed under 0.5% 
AgNO; dressings. The extensive debridement required for 
proper placement is extremely painful and requires general 
anesthesia. Ketamine has been used in all such procedures 
without complication. In complicated patients, such 
anesthesia is most safely accompanied by endotracheal 
intubation. As mentioned earlier, such instrumentation 
may pose problems for these patients. Our experience 
suggests that synthetic or biologic skin substitutes are not 





Fic. 4, Ankylosymblepharon formation in a survivor from group 2 whose 
clinical course is described in the text. There is complete obliteration of 
the conjunctival spaces by scar formation, with fusion of the lid to zhe 
globe. This patient has undergone buccal mucosal grafting to recreate 
the conjunctival space in preparation for corneal replacement. 
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necessarv for survival or healing. Concern that anesthesia 
may increase the chances of morbidity has led us to reserve 
such coverage for pain control in uncomplicated patients. 

There are no predefined parameters to guide nutritional 
therapy in these patients. We have chosen to assume a 
hypermetabolic state proportional to the extent of skin 
loss, although there are no studies to support or refute 
this. Increased evaporative water losses, resulting from 
the loss of stratum corneum, contribute to an increased 
metabolic rate.*? Epidermal slough increases nitrogen 
losses acutely as well.°° Metabolic studies are clearly in- 
dicated but may be altered by previous steroid therapy 
and the acute deficits that usually develop immediately 
before transfer. 

A recent exposure to drugs was implicated as the 
“cause” of TEN/SJS in every patient from both groups. 
In many cases, the exposure was minor (for example, a 
single oral dose of erythromycin followed by 95% TBSA 
slough) or unlikely (for example, two patients, one from 
each group, had the onset of skin involvement while re- 
ceiving methylprednisolone pulse therapy, | g daily. for 
the manifestations of systemic lupus erythematosus). Eight 
of the 30 had symptoms compatible with a viral upper 
respiratory infection before drug exposure. A ninth pa- 
tient, previously treated with ampicillin and Dilantin de- 
veloped diagnostic elevations of antibody titers for Ep- 
stein—Barr virus (acute 1:40, convalescent 1:1280). A tenth 
patient, previously treated with trimethoprim-sulfame- 
thoxazole for pneumocystis pneumoniae, had cytomeg- 
alovirus cultured from the urine. This patient was also 
suffering from the acquired immunodeficiency syndrome 
(AIDS), which is caused by a retrovirus. Active viral in- 
fections may produce a temporary sensitization to certain 
drugs, as suggested by Kauppinen.?! TEN/SJS has been 
reported in combination with a number of other diseases, 
including infectious mononucleosis.?*!**3 Ampicillin 
therapy of patients suffering from infectious mononucle- 
osis was reported to cause a diffuse rash, although severe 
epidermal slough was absent.'? Acute viral infections and 
active autoimmune diseases may result in an antigen- 
antibody ratio favoring the formation of immune com- 
plexes. Such immune complexes have been described in 
the very early stages of SJS, but they are not found later 
during slough.***° It is not clear whether immune com- 
plexes are a cause or effect of the primary disorder. 

The most severe long-term complication (Table 7) in 
group 2 patients occurred in the patient described earlier 
who had disseminated methicillin-resistant sepsis due to 
a suppurative thrombophlebitis. This same organism col- 
onized and destroyed the conjunctiva, leading to scarring, 
ankylosymblepharon (complete fusion of the lid to the 
globe), and blindness (Fig. 4). The patient is currently 
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undergoing staged reconstruction of the conjunctival mu- 
cosa with buccal mucosal grafts. Mild symblepharon for- 
mation occurred in another patient but has not presented 
significant problems. A third patient developed a perianal 
abscess soon after discharge, which required incision and 
drainage. Other complications in this group were of a more 
cosmetic nature similar to those observed in the earlier 
steroid-treated patients. The increased incidence of severe 
complications in group 2 patients more likely resulted 
from the greater salvage of severely injured patients rather 
than the omission of corticosteroids, although the latter 
has not been excluded. 

Our total of 30 patients with biopsy proven TEN/SJS 
is one of the largest single center experiences reported in 
the literature and the only one that attempts to compare 
steroid and nonsteroid management of equal numbers of 
patients. It may be argued that blinded or randomized 
trials of these drugs are necessary before such conclusions 
can be reached. Given the infrequent and unpredictable 
occurrence of these disorders, along with the tertiary role 
of most burn centers caring for these patients, a blinded 
or randomized trial would require earlier transfer and ini- 
tial nonsteroid management by referring institutions. It 
is important to note that corticosteroid therapy has been 
advocated with no supporting randomized or blinded 
studies. Despite the use of historical controls, our expe- 
rience raises serious ethical concerns about the adminis- 
tration of high-dose corticosteroids to these patients under 
any circumstances, since it appears that the use of these 
potent immunosuppressive drugs is associated with in- 
creased mortality. 

The current studies do not allow specific criticism of 
the use of these drugs before burn center admission or 


for patients with minor forms of these diseases. Since ste- 


roid therapy did not prevent progression of skin loss in 
group | and, by comparison, abrupt cessation of steroids 
was not associated with an increased incidence of skin 
loss or exacerbation of TEN/SJS in group 2, it is hard to 
believe that these drugs produce anything more than 
symptomatic improvement in minor forms of the disease 
and may increase morbidity.” Vitamin A (20,000 U in- 
tramuscularly daily) has been given to recent patients, 
while steroids have been tapered, to augment immuno- 
competence and promote re-epithelialization.* Previous 
authors have avoided vitamin A therapy for fear of ne- 
gating the therapeutic immunosuppressive effects of ste- 
roids.’ We have noted no such adverse effects, lending 
further support to the concept that immunosuppressive 
corticosteroid therapy does not prevent progression of the 
disease. Such therapy usually complicates the later man- 
agement and makes difficult the initial assessment of pa- 
tients transferred to the burn center. Referring institutions 
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are encouraged to withhold corticosteroids and transfer 
the patient as soon as possible. 

Further improvement in survival will require a greater 
understanding of the pathophysiology of the primary dis- 
ease without the artifacts introduced by high-dose corti- 
costeroid therapy. Our experience suggests that manage- 
ment of these patients without immunosuppressive ther- 
apy but with appropriate support and diligent monitoring 
will result in improved survival and is certainly indicated 
for those severely injured patients who require care in a 
burn center. 
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cefonicid sodium 


(lyophil zed} 
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sefore p-escribing, see complete prescribing information in SK&F literature or 
DR. The following is a brief summary. 


NDICATIONS AND USAGE . 
fonoeid sterile cefonicid sodium, SK&F} is indicated in the treatment of infections 
ue te susceptible strains of the microorganisms listed below: 


OWER RESPIRATORY TRACT INFECTIONS, due to Streptococcus pneumoniae 
formerly D. pneumeniae): Klebsiella pneumoniae: Escherichia coli: and Hemophilus 
luer zae (ampicillin-resistant and ampicillin- sensitive], 


IRINARY TRACT INFECTIONS, due to Escherichia coli, Proteus mirabilis (indole- 
egat ve Proteus), and Klebsiella pneumoniae. 

KIN AND SKIN STRUCTURE INFECTIONS, due to Staphylococcus aureus and S. 
pidernicis, Streptococcus pyogenes {Group A Streptococcus) and S. agalactiae {Group B 
treptocezcus)}. 

EPTICEMIA, due to Streptacec 
ischevichia coli, 

JONE AAD JOINT INFECTIONS, due to Staphylocaccus aureus. 


‘herepy with ‘Monocid’ may be initiated pending results of susceptibility studies. 
reatment should be adjusted according to findings. 


MURCICAL PROPHYLAXIS 

idmi 1s ration of a single | gram dose of ‘Monocid’ before surgery may reduce the 
acidencs of postoperative infections in patients undergoing surgical procedures 
lassdied as contamnated or potentially contaminated (e.g.. colorectal surgery, 
aginal | ysterectomy, or cholecystectomy in high-risk patients}, or in patients in 
zhom infection at the operative site would present a serious risk (e.g., prosthetic 
rthroplasty, open heart surgery). Although cefonicid has been shown to be as 
ffective as cefazol.n in prevention of infection following coronary artery bypass 
urgery, 10 placebo-controlled trials have been conducted to evaluate any cephalosporin 
nub-otic in the prevention of infection following coronary artery bypass surgery o7 
rostietic heart valve replacement. 

n cesarean section, the use of ‘Monocid’ (after the umbilical cord has been clamped} 
way redace the incidence of certain postoperative infections. 

Vhez. acministered one hour prior te surgical procedures for which it is indicatec, 
single 1 gram dose of ‘Monocid’ provides protection from most infections due to 
usceptile organisms throughout the course of the procedure and for approximately 
4 hcurs after administration, Intraoperative and postoperative administration of 
Wonocid’ is not necessary. Daily doses of ‘Monocid’ may be administered for two 
dditional days in patients undergoing prosthetic arthroplasty or open heart surgery, 
elore using ‘Monocid’ concomitantly with other antibiotics, the prescribing 

forna ion for these agents should be renewed for contraindications, warnings, 
receutions and acverse reactions, Renal function should be carefully monitored. 


ONTRAINDICATIONS 

Momci T is contraindicated in persons who have shown hypersensitivity to 
ephaloaporin antibiotics. 

VAENINGS 

iEFORS THERAPY WITH 'MONOCID IS INSTITUTED, CAREFUL INQUIRY 
HOJLO BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD 
*REVIGUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, 

‘EN CILLINS, OF OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN 
“AUTIGUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS 

HOILO BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
JEMOMSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 

ER OUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE 
PINEPHRINE AND OTHER EMERGENCY MEASURES. 

seudo membranous colitis has been reported with the use of cephalosporins (ane. 
the“ broad-spectrum antibiotics); therefore, it is important to consider that diagnosis 
a petieits who develop diarrhea in association with antibiotic use. 

Yearment with broad-spectrum antibiotics alters normal flora of the colon and 

aay permit overgrowth of Clostridia. Studies indicate a toxin produced by Clostridium 
ifficile s one primary cause of antibiotic-associated colitis. Cholestyramine and 
olestipol resins have been shown to bind the toxin m vitro. 


filg cases of colitis may respond to drug discontinuance alone Moderate to severe 
ases should be managed with fluid, electrolyte and protein supplementation as 
adicated. When tae colitis is not relieved by drug discontinuance and when it is 
evere, oral vancomycin is the treatment of choice for antibiotic-associated 
seudomembranous colitis produced by C. difficile. Other causes of colitis should 
iso be sonsiderec. 

"RECAUTIONS 

eneral: With any antibiotic, prolonged use may result in overgrowth of 
onsusseptible orzanisms. Careful observation 1s essential. and appropriate 
1easures Should be taken if superinfection occurs. 


rug Interactions: Nephrotoxicity has been reported following concomitant 

dm nistration of other cephalosporins and aminoglycosides. 

‘regnancy: (Category B.) Reproduction studies have been performed in mice, rabbits 
nd zats at doses up to an equivalent of 40 times the usual adult human dose 

nd sare revealed no evidence of impaired fertility or harm to the fetus due to 
Aonoc.d’. There are, however, no adequate and well-controlled studies in pregnant 
romen Because animal reproduction studies are not always predictive of human 
ssponse, this drug should be used in pregnancy only if clearly needed. 


us pneumoniae {formerly D. pneumoniae} and 
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Labor and Delivery: In cesar2an section, ‘Monocid’ should be administered only 
after the umbilical cord has been clamped. 


Nursing Mothers: ‘Mcnocid’ is excreted in human milk in low concentrations. 
Caution should be exercised when ‘Monocid' is administered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children have not been established. 


Beta-lactam antibiotics with methyl-thio-tetrazole side chains have been shown to 
cause testicular atrophy in prepubertal rats, which persisted into adulthood and 
resulted in decease. spermatogenesis and decreased fertility. Cefonicid, which 
contains a methylsulfenic-thia-tetrazole moiety, has no adverse effect on the male 
reproductive system o: prepubertal, juvenile or adult rats when given under identical 
conditions. 

ADVERSE REACTIONS 

‘Monocid’ is generally well tolerated and adverse reactions have occurred infrequently. 
The most common adverse reaction has been pain on LM, injection. On-therapy 
conditions occurring In greater than 1% of ‘Monocid’-treated patients were: 


Injection Site Phenomena (5.7%). Pain and/or discomfort on injection: less often, 
burning, phlebitis at LV. “site. 


Increased Platelets (1.7%). 
Increased Eosinophils (2.9%). 


Liver Function Test Alterations (1.6%): Increased alkaline phosphatase, increased 
SGOT, increased SGPT. increased GGTP, increased LDH. 


Less frequent on-therapy conditions occurring in less than 1% of ‘Monocid’-treated 
patients were: 
Hypersensitivity Reactions: Fever, rash, pruritus, erythema, myalgia and 
anaphylactoid-type reactions have been reported. 
Hematology: Decreased WBC, neutropenia, thrombocytopemia, positive Coombs’ 
test. 
Diarrhea. 
DOSAGE AND ADMINISTRATION 
General 
The usual adult dosage is 1 gram of ‘Monocid given once every 24 hours, intra- 
venously or by deep intramuscular injection. Doses in excess of 1 gram daily are 
rarely necessary: however, in exceptional cases dosage of up to 2 grams given 
once daily have been well tolerated. When administering 2 gram I.M. doses once 
daily, one-half the dose should be administered in different large muscle masses. 
Surgical Prophylaxis 
When admunstered one hour prior to appropriate surgical procedures {see Indications 
and Usage}, a 1 gram dose of “Monocid’ provides protection from most infections due 
to susceptible organisms throughout the course of the procedure and for 
approximately 24 hours after administration. Intraoperative and postoperative 
administration of Monocid’ is not necessary. Daily doses of ‘Monocid’ may be 
administered for two additional days in patients undergoing prosthetic arthroplasty 
or open heart surgery 


In cesarean section ‘Monocid should be administered only after the umbilical cord has 
been clamped. 


General Guidelines for Dosage of ‘Monocid’, I.V. or LM. 
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Type of Daily Dose 

Infection č čžć  <žć că oC (grams) Frequency 
Uncomplicated | Urinary Tract _ 95 once every 24 hours 
Mild to Moderate l once every 24 hours 
Severe or Lile T hreatemng  ěž O once every 24 hours 
Surgical Prophylaxis l 1 hour preoperatively 


*When administering 2 gram LM. doses ence daily, one-half the dose should be administered in 
different large muscle masses. 

Impaired Ronal Function 

Modification of ‘Monocid’ dosage is necessary in patients with impaired renal 

function. Before prescribing, consult Dosage and Administration section of complete 

prescribing information. 


HOW SUPPLIED 

‘Monocid’ is supplied in vials equivalent to 500 mg. and 1 gram of cefonicid: in 
“Piggyback” Vials for LV. admixture equivalent to 1 gram of cefonicid: and in 
Pharmacy Bulk Vials equivalent te 10 grams of cefonicid. 


BRS-MC:-LI15 Date of issuance Feb. 1986 


©SmuthKline Beckman Corporation. 1986 


Smith Kline GFrench Laboratories Si< SF 


A SMITHKLINE BECKMAN COMPANY 


The piercing pain 

and discomfort of swollen 
hemorrhoids. Now, fast relief 
through the triple action 

of Corticaine” Cream: 


O Dibucaine to relieve pain 
A powerful topical anesthetic that promptly 
blunts piercing pain 

O Hydrocortisone to reduce inflammation 
Shrinks swollen hemorrhoidal tissue and exerts 
effective antipruritic action to relieve itching 


C Menthol for a soothing, cooling effect 
Cooling action rapidly alleviates the burning 
sensation 


eA CORTICAINE 


RTM acon ate 0.5% 
M aka dibucaine 0.5 
Please see next page for a brief summary 


of Prescribing Information. F only, for cnn pare of hemorrhoidal symptoms 
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CORTICAINE 


EAM Sotincare dB OTN 


ONLY FOR EFFECTIVE 
ELIEF OF HEMORRHOIDAL 
SYMPTOMS 


BRIEF SUMMARY 
OF PRODUCT INFORMATION 


CORTICAINE® Cream 
(hydrocortisone acetate and dibucains) 


INDICATIONS AND USAGE: CORTICAINE Cream Is Indicated 
for the relief of the inflammatory manifestations of cortico- 
steroid-responsive dermatosis. When combined with other 
recognized therapeutic measures, tt is recommended for 
the symptomatic relief of Itching, pain, and irritation of 
certaln anorectal, anogenital, and dermatological candi- 
tions. On the skin, It offars symptomatic rellef In atopic 
dermatitis, sumac or ivy dermatitis, mild sunburr, minor 
burns, insect bites, prickly heat, eczema, post-anal sur- 
gery, diaper rash, and Intertrigo. When introduced Into the 
rectum, It helps to relieve the itching, pain, and inflamma- 
tion of internal hemorrhoids, as well as the anorectal dis- 
comfort of associated conditions such as proctitis, 
papillitis, and cryptitis. When applied perianally, it can pro- 
vide symptomatic rellef from pruritus ani and external hem- 
orrholds. 


CONTRAINDICATIONS: Local tuberculosis, fungal and viral 
infections. Topical steroids and local anesthetics are con- 
tralndicated in those patients with a history of hypersensi- 
tivity to any of the components of the preparation. Not 
recommended for usa in such diseases as pemphigus and 
discoid lupus erythematosus. 


PRECAUTIONS: General Avoid use in the eyes. Do not apply 
to extensive areas for prolonged periods or with occlusive 
dressings as there may be Increased systemic absorption of 
the ingredients. H imitation develops, the product should 
be discontinued and appropriate therapy Instituted. in the 
presence of a secondary bacterial infection, the use of an 
appropriate antibacterial agent should be instituted; lf a 
favorable response does not occur promptly, this prepara- 
tien should be discontinued until the Infection has been 
adequatsly controlled. Should not be used rectally without 
adequate proctologic examination. Not to be used with 
anorectal fistulas and abscesses. 


Usage in Pregnancy: Although topical steroids have ‘not 
been reported to have an adverse effect on human preg- 
nancy, the safety of their use in pregnant women has not 
been absolutely established. tn laboratory animals, 
increases in incidence of fetal abnormalities have been 
associated with axposure of gestating females to topical 
corticostercids—in some cases, at rather low dosage levels. 
Therefore, drugs of this class should not be used exten- 
siey on pragnant patients, In large amounts, or for pro- 
longed periods of time. 


ADVERSE REACTIONS: The following local adverse reactions 
have been reported with topical corticosteroids, espectally 
under occlusive dressings: burning sensations, itching, 
imitation, dryness, folliculltls, hypertrichosis, acne-form 
eruptions, hypopigmentation, perioral dermatitls, allergic 
contact dermatitis, maceration of the skin, secondary 
Infection, skin atrophy, striae, and millarla. 


DOSAGE AND ADMINISTRATION: For Rectal Use: Cleanse the 
rectal area and dry thoroughly before use, Attach plastic 
apalicator to tube, and squeeze tube lightly to fill applica- 
tor with cream. Lubricate applicator with cream, then gent- 
ly insert Into rectum and squeeze tube again lightly to 
extrude a similar applicator dese of cream into the rectum. 
Can also be applied topically to irritated anorectal tissues. 
Use moming and evening and after sach bowel movement. 
The recommended duration of treatment is two to six days. 


For Topical Use: Apply to affected areas of the skin two to 
four times dally. The recommended duration of treatment Is 
two weeks. 


HOW SUPPLIED: CORTICAINE Cream (hydrocortisone ace- 
tata 0.5% and dibucalne 0.5%) is supplied in a 1 oz tube 
with a rectal applicator (NDC 0173-0358-7 2). 


Keep container well closed and store between 15° and 30°C 
(39° and 88°F), 
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YOU 
FIGHT CANCER 
BEFORE YOU 

GET IT. 


OR AFTER 
YOU GET IT. 


Its a lot easier to fight cancer 
before you get it. 

Scientists estimate that up to 60% 
of all cancer could be prevented. 

By simply making a few changes 
in your lifestyle. 

By not getting too much sun. By 
not smoking cigarettes. By not 
overeating. And by following a diet 
high in fiber and low in fat. 

By simply doing these few things, 
you could drastically reduce your 
risk of getting cancer. 

Sure, you could 
still get cancer. 


















But why not give Fgh ber ig 


yourself the odds SOCIETY’ 
against it? Help us keep winning 
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Postoperative Muscle Nitrogen Balance 
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Amino acid solutions rich in branched chain amino acids (BCAA) 
are commonly utilized both clinically and in experimental pro- 
tocols in an attempt to reduce skeletal muscle and whole body 
protein catabolism.. To investigate the effectiveness of BCAA 
infusion, amino acid formulas containing varying concentrations 
of BCAA were given during operation in this study to three groups 
of dogs undergoing a standard laparotomy and retroperitoneal 
dissection. A fourth group was given saline alone. With the use 
of previously described hindquarter flux techniques, individual 
and total amino acid nitrogen exchange rates were measured and 
utilized in estimating skeletal muscle protein catabolism. Intra- 
cellular free amino acid concentrations were measured in per- 
cutaneous muscle biopsy samples. Although there was no rela- 
tionship with the rate of BCAA infusion, there was a significant 
correlation between the rate of BCAA uptake by muscle and 
diminished total nitrogen release from hindquarter skeletal 
muscle after operation. There was also a significant relationship 
between muscle nitrogen balance and the postoperative change 
in the muscle concentration of either total amino acids or the 
single amino acid glutamine, When combined in a single equation, 
BCAA uptake and the change in muscle free amino acid con- 
centration predict skeletal muscle nitrogen release with an r 
= 0.86. Thus, the rate ‘of BCAA uptake and the free glutamine 
or total amino acid concentration i in muscle appear to be inde- 
pendent predictors of muscle nitrogen balance. The nitrogen- 
sparing effect of BCAA in skeletal muscle is unrelated to infusion 
concentration or rate of infusion. 


HERE IS A NET BREAKDOWN of body protein after 
major operations, accidental i injury, septicemia, 
or. other critical illnesses. Much ‘of the protein 


loss occurs in skeletal muscle, as demonstrated by the 


increased release of amino acids from muscle! and the 


marked wasting of muscle mass following severe illness.?. 
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The liberated amino acids are utilized by visceral organs 
such as the gastrointestinal tract, liver, and kidney as met- 
abolic fuels and as substrates for gluconeogenesis, am- 
moniagenesis, and acute-phase protein synthesis.’ These 
metabolic reactions frequently result in deamination of 
amino acids, with the liberated nitrogen routed into he- 
patiç ureagenic pathways and ultimately excreted from 
the body as urea. The accelerated release of amino acids 
from skeletal muscle protein is therefore associated with 
increased total body. nitrogen loss.? Because visceral amino 
acid uptake exceeds skeletal muscle amino acid release; 
the plasma levels of many amino acids fall.* Administra- 
tion of intravenous ‘amino acids to catabolic patients may 
often be necessary to maintain normal plasma concen- 
trations, satisfy visceral amino acid requirements, spare 
skeletal muscle protein, and preserve lean body mass. — 
. The branched chain amino acids (BCAA) valine, leu- 
cine, and isoleucine are essential amino acids that are 
thought to have an important influence on skeletal muscle 
protein turnover. These three amino acids serve as pre- 
CUTSOTS for muscle protein synthesis and also gan be ox- 
idized i in muscle as a source of metabolic energy. 5 In ad- 
dition, leucine has been shown to stimulate protein syn- 
thesis and to inhibit protein degradation in vitro.® When 


‘infused into postoperative rats, either singly or in com- 


bination, BCAAs were found to have a beneficial effect 
on overall protein turnover.” This suggested that a higher 
than standard concentration of infused BCAAs might be 
more efficient in overcoming protein catabolism. Other 
animal work, however, has shown no benefit from high 
BCAA solutions as compared to standard formulas. 9 The 
response to infusion of balanced formulas (18-25% 
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BCAAs) or solutions containing high concentrations of 
BCAA (45-50% of infused amino acids) has also been 
studied in critically ill humans.!™?!? Some investigators 
report that the patients receiving the fortified BCAA so- 
lutions conserve more nitrogen.'” They also contend that 
more skeletal muscle protein is conserved and immu- 
nologic function improved following catabolic insults.!'° 
Other studies have failed to demonstrate these responses. '* 

This work focuses on the effects of intravenous amino 
acid solutions containing varying concentrations of 
BCAAs on the regulation of skeletal muscle amino acid 
metabolism following a standardized surgical procedure 
in the dog. Previous studies with this model of postop- 
erative catabolism have demonstrated marked increases 
in skeletal muscle protein breakdown and urinary nitrogen 
excretion.'? By measuring hindquarter amino acid flux 
and free amino acid concentrations in plasma and skeletal 
muscle during the first 24 hours following operation, it 
has been possible to evaluate the anticatabolic response 
to the infusion of BCAAs and other amino acids. 


Materials and Methods 
Preparation of Animals and Sequence of Study 


Twenty-seven male and nonpregnant female mongrel 
dogs were obtained from a farm where they had been 
conditioned and screened for parasites. The dogs weighed 
between 18 and 40 kg and were housed for at least 1 week 
prior to study in the Harvard Medical School animal care 
facility. All procedures were in accordance with the 
guidelines of the Committee on Animals at Harvard 
Medical School and the Committee on Care and Use of 
Laboratory Animals of the Institute for Laboratory Ani- 
mal Resources, the National Research Council (DHEW 
Publication NIH #78-23, revised 1978). The animals were 
kept in individual kennels with 24-hour light exposure 
and were exercised each morning. Water was provided 
ad libitum, and a single daily feeding of Pro-Pet Respond 
2000 dry dog food (Syracuse, NY, at least 25% protein 
by weight) was provided between 1:00 and 3:00 P.M. The 
animals were trained to rest quietly in a Pavlov sling prior 
to study. 

All food was removed from the kennels at 5:00 P.M. 
the night before basal studies or operation. Basal studies 
were performed at 8:00 A.M. after the animal was exercised 
and placed in the sling. These studies consisted of the 
collection of a blood sample from a cannulated foreleg 
vein for plasma amino acid determination and a percu- 
taneous needle biopsy of the vastus lateralis muscle per- 
formed under sodium thiopental anesthesia (Abbott, 
North Chicago, IL, 5 mg/kg body weight), intravenously 
(1V) to quantitate intracellular free amino acids. After the 
biopsy, with the dog still anesthetized, a 5 ml sample of 
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arterial blood was obtained by percutaneous puncture of 
the femoral artery for analysis of whole blood amino acids. 

The animal was allowed to recover for 3 days before 
further studies were performed. At 7:00 A.M. on the day 
of operation, again after an overnight fast, the animal was 
exercised and taken to the operating room where it was 
anesthetized with sodium pentobarbital (Abbott, North 
Chicago, IL, 30 mg/kg body weight, IV) via a foreleg can- 
nula. An endotracheal tube was placed, and the animal 
was allowed to breathe spontaneously a mixture of room 
air and oxygen provided at 5 L/min. The dog was placed 
on an operating table in the supine position and a 16-Fr. 
catheter was placed percutaneously into the superior vena 
cava via the external jugular vein. After the starting time 
was noted, an infusion of either saline or the appropriate 
test amino acid solution was begun via this central catheter 
with an IMED pump (San Diego, CA). Cephalothin (Lilly, 
Indianapolis, IN, 1 g, IV) was given immediately before 
and upon completion of the operation. The urinary blad- 
der was catheterized, and, after residual urine was dis- 
carded, a closed drainage collection was begun at the start 
of the infusion and carried on for 24 hours. Urine was 
also collected for a second 24-hour period, with the animal 
in a metabolic cage after termination of the IV infusion. 

The abdomen and flanks of the dog were shaved, 
washed with soap and water, and prepared with a povi- 
done iodine solution. The animal was sterilely draped, 
and the abdomen was entered via an infraumbilical mid- 
line incision in females and a right paramedian incision 
in males. The bowel was retracted aside and the retro- 
peritoneum exposed for complete dissection around the 
distal aorta and inferior vena cava. The right deep cir- 
cumflex iliac artery and vein, as well as the right internal 
iliac artery, were isolated. The two arteries were cannu- 
lated with specially prepared catheters consisting of a 6- 
cm segment of polyethylene tubing (2.08 mm outside di- 
ameter, OD) linked to 2.8 mm OD polyethylene tubing. 
One arterial catheter was positioned 6 cm proximally into 
the aorta wa the circumflex iliac artery, and the other 
catheter was placed | cm proximal to the aortic bifurcation 
but distal to the caudal mesenteric artery, via the internal 
iliac artery. A third catheter was inserted into the inferior 
vena cava via the deep circumflex iliac vein and positioned 
distal to the renal vein. All catheters were secured and 
exteriorized through stab wounds in the right flank. The 
abdomen was closed in layers and the animal turned on 
its left side. The exteriorized catheters were cut to appro- 
priate lengths, plugged with blunt needles, capped with 
intermittent injection ports (Jelco, Critikon, Tampa, FL), 
flushed with saline, filled with heparin (100 U/ml), and 
buried subcutaneously. The injection ports were posi- 
tioned high in the flanks, allowing easy access to arterial 
(aortic) and venous (vena caval) blood by percutaneous * 
puncture. 
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TABLE 1. Composition of aid Solutions pee as Grams pesca’ h/kg) 
Essential Amine Acids . " Nonessential Amino Acids 

Solution BCAA* Other Giuamine. Other Total Nitrogen 
Saline 5 0 ` . 0 0 0 
11% BCAA* + glutamine 6 0.46 0.54 1.64 1.04 0.62 
11% BCAA* + NEAAT ` 3 0.46 0.54 0 - 2.77 0.62 
22% BCAA* = SAAt 6 0.92 1.09 0 2.07 0.62 
44% BCAA* + glutamine 4 1.84 0.54 0.82 1.04 0.62 
44% BCAA* + NEAAt 3 1.84 0.54 0 1.90 0.62 


* BCAA = branched chain amino acids (valine, leucine, isoleucine). 
+ NEAA = nonessential amino acids found in FreAmine M (alanine, 


} 


Following these procedures, which generally took 2 
hours, the animal was placed on its side, and body tem- 
perature was maintained with blankets during recovery 
from anesthesia. Five hours after the start of the infusion 
and operation, the animal was placed in the’ Pavlov sling, 
and a solution of 0.5%. para-aminohippurate (PAH) was 
infused ata rate of 0.7 ml/min with a Harvard’ pump into 
the distal aortic catheter. After 40 minutes of dye infusion, 
three sets of simultaneous artetial: and yenous samples 
were obtained at’ 10-min intervals for measurement of 
amino acid and PAH concentrations. The catheters were 
then flushed and filled with heparin. The animal was kept 
in the sling under constant ‘surveillance ‘until the hind- 
quarter flux studies were repeated 24 hours after the start 
of the infusion, At this point, the first 24-hour urine Col- 
lection was terminated, and a repeat percutaneous hind- 
limb biopsy ‘was performed on the ‘leg not previously 
biopsied, : again under brief general anesthesia. The infu- 
sion was then terminated, and the animal was placed in 
a metabolic cage for the second 24-hour period. 


Infusion Solutions 


All solutions were infused at the rate of 4 ml/min/kg. 
Five control animals received 0.9% saline. Amino acid 
solutions’ (Table 1) containing BCAAs at three different 
concentrations (11, 22, or 44% of total amino acids) were 
prepared by adding amino acids ta an 8.5% standard 
amino acid formula, FreAmine W (American McGaw, 
Irvinė, CA). The fotal BCAA infusion rates’ wẹre'0.46, 
0.92, and 1.84 g/24 h/kg, respectively. All three amino 
acid solutions were isonitrogenous, providing’ approxi- 
mately 0. 624 g of nitrogen/24 h/kg, with a constant ratio 
of valine to leucine to isoleucine (1:1. 38:1.05). Nine an- 
imals received dn 11% BCAA solution, which was made 
by. dissolving. a mixture of nonessential amino acids 
(NEAA) in 2.13% FreAmine II to make a solution that 
pravided 0.624 g of nitrogen/24 h/kg. In 6 animals, NEAA 
' consisted of L-glutamine alone, and, i in three, NEAA con- 
sated of. a mixture ofall of the NEAA found i in FreAmine 


apane glycine, histidine, proline, serine), 
tSAA = : standard amino acids bveuppliel as FreAmine II]. 


HI (alanine, seine arginine, histidine, serine, and pro- 
line) i in the same ratios as in FreAmine i. Six animals 
received 4.25% FreAmine III alone (22% BCAA). The 
final sever: animals received 2. 13% FreAmine il supple- 
mented with enough BCAAs to make: ‘a 44% solution. 
This final formula was made isonitrogenous by adding 
NEAA as L-glutamine alone (N ='4) or a mixture of the 
NEAA found in FreAmine II (N = 3). All solutions were 
sterilized by passage through a 0.22 uM filter (Millipore, 
Millis, MA) and stored overnight at 4 C prior to admin- 
istration. A 10-ml sample of each solution. was taken at 
the end’ of the infusion period and stored at —20 C for 
analysis of nitrogen by the macro Be leiden method." 


re and Analysis of Blood Tissue, and Urine 
Samples 


Whole blood and plasma samples were deproteinized 
by adding an equal volume of ice cold. 10% perchloric 
acid (PCA) and then centrifuging at 7000 rpm at 4 C for 
20 minutes. A 2-ml aliquot of the supernatant was buffered 
with 0.3 ml of 0:2 M sodium. acetate buffer (pH = 4.90), 
adjusted to pH 4.75—-4.90 with 5 N potassium hydroxide, 
brought to a final yolume of 4 ml-with distilled water, 
and centrifuged again. The resulting supernatant was 
stored at —20 C for later batch analysis. 

During the muscle biopsy procedure, 'a stop watch was 
started at the time of tissue removal. The muscle’ was 
dissected free of fat and connective tissue and divided 
into two unequal portions. Multiple weights on each sam- 
ple were recorded at 15-second intervals for 1 minute, 
and 1 the initial muscle wet weight at time = 0 was calcu- 
lated from the best fit linear regression of weight plotted 
against time. The smaller sample (approximately 15-20 
mg) was dried to a constant weight in an oven at 90 C, 
and the weight of dried fat-free solids was obtained after 
extraction in petroleum ether. The sample was then 
soaked in 250:-ml of'1 N nitric acid, and the chloride 
content was: measured by titration with silver nitrate using 
a semiautomated titrator (Radiometer, Copenhagen, 
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TABLE 2. Volume and Coraposition of 24-Hour Urinary Excretion 
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Totel 
Nitrogen Nitrogen 
Volume Intake Excretion 
Infusion N (ml/kg) (g/kg) (g/kg) 

Saline 5 43.8 + 10.2 0* 0.492 + .02* 
11% BCAA 9 57.5 6.9 0.627 + .005 0.786 + .02 
22% BCAA 6 64.2+ 5.1 0.632 + .001 0.685 + .03+ 
44% BCAA 7 740+ 8.2 0.627 + .003 


0.825 + .05 


* Saline different from treatment groups, p <Q.05. 


Denmark). Plasma chloride was also determined by a 
similar method. Intracellular and extracellular water was 
then calculated using the chloride technique, as previcusly 
described.” The second muscle sample (approximately 
80-100 mg) was weighed and homogenized i in 0.5 ml of 
ice cold PCA using a Polytron homogenizer (Brinkmann, 
Westbury, NY). The homogenate was centrifuged, and 
the supernatant was prepared for analysis by addition of 
buffer and by pH adjustment to pH 4.75-4.90, as de- 
scribed for blood and plasma samples. 

Whole blood, plasma, and muscle intracellular gluta- 
mine and glutamate concentrations were determined by 
an enzymatic microfluorometric method modified from 
the method of Lund'* or by automated high performance 
liquid chromatography (HPLC) after precolumn deriva- 
tization with o-phthalaldehyde.'’ The twa techniques 
yielded comparable results. Other amino acids, except 
proline, cystine and lysine, were determined with a similar 
HPLC method. The concentration of PAH in the arterial 
and venous blood was determined spectrophotometrically 
following deproteinization with 5% trichloroacetic ecid."* 

Urine excreted during the 24 hours of infusion was 
collected in a closed urinary drainage system and stored 
in acidified, refrigerated containers. Aliquots were stored 
frozen at —20 C for later batch analysis of nitrogen by the 
macro-Kjeldahl methad.'* Another portion was centri- 
fuged for 10 minutes at 2000 rpm and frozen for later 
analysis of urea and creatinine on the Technicon Auto- 


analyzer (Tarrytown, NY). 


Calculations and Statistical Analysis 


Hindquarter bloodflow was calculated as previously 
described.!* Flux rates for the individual amino acids were 
calculated as the product of bloodflow and arteriovenous 
concentration difference. Three sets of samples were 
drawn at each time point, the flux was calculated for each 
set, and the mean of the three values was determined. 
Total amino acid nitrogen flux, as well as plasma, whole 
blood, and intracellular nitrogen concentrations, were 
calculated as the millimolar sum of the nitrogen groups 
of all amino acids measured. Skeletal muscle free intra- 


Nitrogen Urea N Creatinine Ammonium 
Balance Excretion Excretion Excretion 
(g/kg) (g/kg) (g/kg) (g/kg) 
—0.492 + .02* 0.409 + .03* 0.039 + .002 0.037 + .005 
—0.160 + .02 0.697 + .01 0.033 + .001 0.049 + .604 
—0.053 + .03f 0.603 + .03ł 0.034 + .002 0.045 + .005 
—0.200+.05 0.701 + .04 0.041 + .003 


0.037 + .002 


t Different from other 2 amino acid treatment groups, p < 0.05. 


cellular amino acid concentrations were expressed per liter 
of intracellular water. 

Statistical calculations were performed using a standard 
statistical package (Minitab, The Pennsylvania State Uni- 
versity, State College, PA, 1983). The results are expressed 
as mean + SEM. Paired and unpaired Student’s t-tests 
were used as appropriate. Analysis of variance was used 
for multiple group comparisons. Regression analysis was 
performed using the method of least squares. 


Results 


All animals survived the operative procedure except 
for one dog that died shortly after administration of so- 
dium pentobarbital, before the start of the intravenous 
infusion. This animal was not included in the study. Blood 
loss during the procedure was uniformly minimal. All 
sample catheters were patent at the 6- and 24-hour time 
points, with the exception of one venous catheter at the 
24-hour time point in an animal in the 22% BCAA group. 

Hindquarter bloodflow at 6 hours was 36.1 + 6.8 ml/ 
min/kg in the saline control group and was not affected 
by treatment (11% BCAA, 33.3 + 4.9; 22% BCAA, 42.4 
+ 8.8; 44% BCAA, 28.7 + 3.5; differences not significant). 
Flow at 24 hours was unchanged (57.9 + 10.2, 38.6 + 8.2, 
54.9 + 6.5, 49.7 + 13.2, respectively). The tendency to- 
ward higher flow rates and increased variability at 24 hours 
may be attributable to greater motor activity of the ani- 
mals after full recovery from anesthesia. 


Urinary Nitrogen Excretion and Nitrogen Balance 


Following operation, the volume of urine excreted was 
comparable in the four treatment groups, although the 
dogs receiving saline alone tended to excrete less urine 
volume (Table 2). Urinary nitrogen excretion averaged 
0.492 + 0.020 g/24 h/kg in the saline group. The amino 
acid treated animals excreted 35-65% more nitrogen than 
the saline group, primarily in the form of urea. The dogs 
infused with the 22% BCAA solution excreted significantly 
less urea nitrogen and less total nitrogen than the 11 or 
44% BCAA groups. Excretion of creatinine and ammonia 
was comparable in all groups. 


D: 


Vol. 204 «No. 5 


Blood urea nitrogen and plasma creatinine were mea- 
sured before and 24 hours following operation in selected 
animals from all groups. These concentrations were nor- 
mal in all animals before operation and fell slightly or did 
not change after operation. Thus, the rate of urinary ex- 
cretion of urea was similar to the rate of urea production; 
the higher urea production observed in the animals re- 
ceiving the 11 and 44% BCAA solutions was significantly 
related (p < 0.05) to the extra nitrogen provided by ad- 
dition of BCAA or NEAA to the balanced amino acid 
mixture. 

Nitrogen balance was less negative with amino acid 
administration; approximately 50% of the infused amino 
acid nitrogen was retained. Because nitrogen intake was 
the same in all animals receiving amino acids, the alter- 
ations in nitrogen excretion already discussed were re- 
flected in nitrogen balance (Table 2). Thus, the animals 
receiving the 22% balanced amino acid solution achieved 
significantly greater nitrogen retention than the dogs re- 
ceiving solutions containing 11 or 44% BCAA. 


Whole Blood Amino Acid Concentrations 


In the saline-treated animals, whole blood amino acid 
nitrogen fell at 6 hours after operation but returned to 
normal preoperative levels by 24 hours (Table 3). This 
transient hypoaminoacidemia was accounted for in large 
part by a decrease in the concentration of the nonessential 
amino acids (glutamine, alanine, arginine, serine, and as- 
paragine), although significant decreases in some essential 
amino acids also occurred (threonine and tyrosine). In 
contrast, the animals receiving amino acid infusions 
maintained whole blood amino acid nitrogen concentra- 
tions.at 6 hours after operation. These levels increased 
above preoperative control levels by 24 hours (p < 0.05). 

Concentrations of specific amino acids in the blood of 
the animals receiving amino acid infusions reflected the 
composition of the solutions infused. For example, BCAA 
concentrations were related to the rate of BCAA admin- 
istration at both 6 and 24 hours (Fig. 1). In general, whole 
blood glutamine concentrations at 6 hours were lower 
than preoperative levels (Table 3). The exception was the 
group receiving glutamine enriched 11% BCAA solution, 
in which the blood glutamine concentration was main- 
tained. In these animals, glutamine comprised more than 
one half of the nonessential nitrogen and accounted for 
more than 40% of the total amino acids delivered. By 24 
hours, the animals receiving glutamine-containing solu- 
tions tended to have higher than normal whole blood glu- 
tamine concentrations. 


Skeletal Muscle Intracellular Free Amino Acids 


In the saline-treated animals, intracellular free amino 
acid nitrogen fell significantly by 24 hours after operation 
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when compared to preoperative levels (Table 4). This 
change was accounted for in large part (65%) by the 
marked fall in intracellular glutamine, which comprised 
a major portion of the total intracellular free amino acid 
pool. In the animals receiving amino acid infusions, in- 
tracellular nitrogen was maintained, although intracellular 
glutamine fell in the animals that received the glutamine- 
free 11% BCAA solution. Intracellular glutamine tended 
to increase in the animals receiving glutamine-enriched 
solutions, and BCAA concentrations increased in pro- 
portion to the rate of BCAA infusion. 


Hindquarter Amino Acid Flux 


In the saline-treated animals, there was net release of 
amino acid nitrogen from the hindquarter at 6 hours after 
operation (Table 5). This increased amino acid efflux re- 
flected accelerated release of almost all amino acids mea- 
sured, including the BCAA. At this time period, glutamate 
and aspartate were the only amino acids that maintained 
balance across the hindquarter. At 24 hours after opera- 
tion, the rate of hindquarter amino acid nitrogen release 
had diminished, and, although highly variable, the arte- 
riovenous differences for almost all amino acids could 
not be distinguished from zero. Glutamine efflux persisted 


_at this time point. 


In all groups of animals receiving amino acid infusions, 
hindquarter amino acid nitrogen efflux at 6 hours was 
similar and was significantly less than in the saline-treated 
animals (p < 0.05). Both glutamine and alanine efflux at 
6 hours tended to be less in the animals receiving amino 
acids than in the saline controls. While BCAAs were re- 
leased at 6 hours in the saline-infused animals, these 
amino acids were taken up in the dogs receiving amino 
acid infusions. BCAA hindquarter uptake was related to 
the rate of BCAA administration (Fig. 2) and whole blood 
BCAA concentrations (Fig. 3). 

At 24 hours, hindquarter amino acid nitrogen efflux 
was similar in all the amino acid infusion groups and 
unchanged compared to 6 hours. At 24 hours, BCAA 
hindquarter exchange was slightly positive, tending to be 
greater in the 22 and 44% BCAA groups. At this time, 
BCAA uptake was unrelated to blood concentrations and 
rate of BCAA administration. 


Relationship between BCAA Infusion, BCAA Hindquarter 
Uptake, and Hindquarter Amino Acid Nitrogen Release 


In the saline-infused dogs at 6 hours, hindquarter BCAA 
release was associated with accelerated amino acid efflux. 
In the animals receiving amino acid infusions, the hind- 
quarter nitrogen balance correlated with BCAA uptake 
(Fig. 4). Saline controls were not included in this analysis 
since they were not receiving nitrogen; inclusion of control 
animals would have resulted in a regression line with a 
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TABLE 3. Whole Blood Amino Acid Profile (umol/L, Mean + SEM) 
Saline 11% BCAA 
GLN NEAA 
Pre 6° 24° | Pre 6° 24° Pre 6° 24° 
MET 40.8 + 2.6" 33.9462 | $4349.5 33.1+6.8 
a ana. FN pene Fe pas ae 
BCAA 305.3 + 23 294.0+17.6 | 449.3 +24.8* | 322.31430.9 | 475.6468.1 | 534.7451.0* | 279.6435.0 | 434.62435.7 | 562.1+9.2* 
i pon pee pemg 
nitrogent | 4.7240.36 | 382+008* | 4.87+0.20 §.27+0.38 | 5.06 +0.20 6.69+0.44* | 440+0.50 | $5.00+0.31 5.96 + 0.64* 





* p< 0.05, different from Pre. 


more positive slope. The correlation was maintained even 
if BCAA flux was not included in the summation of hind- 
quarter amino acid nitrogen flux (p < 0.02, r = 0.49). 
Thus, nitrogen flux exclusive of BCAA flux was also re- 
lated to BCAA uptake. Nitrogen flux did not correlate 
with total BCAA concentration in the blood or the rate 
of BCAA administration. None of these relationships ex- 
isted at the 24-hour time point. 

Hindquarter amino acid nitrogen release at 6 hours 
also correlated with changes in the intracellular free amino 
acid nitrogen pool (Fig. 5). Alterations in intracellular 
glutamine were closely related to changes in the total free 
amino acid nitrogen pool (p < 0.001, r = 0.90), and, thus, 
changes in the glutamine pool were also significantly re- 
lated to hindquarter nitrogen efflux (p < 0.05; r = 0.66). 
These mathematical relationships were maintained when 





t Units expressed as mmol/L. Table continues on facing page. 


hindquarter amino acid nitrogen efflux was corrected for 
changes in the intracellular nitrogen pool. Since the flux 
and pool measurements were made at different points in 
time, we made this correction by assuming two different 
rates of change in the intracellular amino acid pool. First, 
we assumed that the change in the intracellular pool oc- 
curred in the first 6 hours after operation. Alternatively, 
we assumed that the change occurred at a constant rate 
over 24 hours. Neither correction altered the relationship 
between the change in the intracellular nitrogen pool and 
amino acid nitrogen efflux. 

BCAA uptake was not related to increased glutamine 
release from the hindquarter at 6 or 24 hours. BCAA up- 
take was also unrelated to the changes that occurred in 
the skeletal muscle intracellular free amino acid pool (r~ 
= Q.11, not significant). Hindquarter nitrogen flux could 
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humans.’ Thus, the canine model exhibits postoperative 
responses that are similar to alterations in critically ill 
humans and is suitable for examining the effects of ex- 
ogenous amino acids on nitrogen metabolism and skeletal 
muscle amino acid exchange. 

In the saline-treated animals, hindquarter release of 
amino acid nitrogen was markedly increased 6 hours after 
operation. This was associated with a net skeletal muscle 
release of all the BCAAs. At the same time, whole blood 
BCAA concentrations were unchanged, indicating that 
consumption of BCAA in visceral organs was roughly 
equivalent to the accelerated rate of skeletal muscle re- 
lease. In the animals receiving amino acids, hindquarter 
total amino acid release was attenuated, whole blood and 
skeletal muscle nitrogen pools were maintained, and the 
hindquarter was converted from an organ of BCAA release 
to one of uptake. BCAA and. more specifically, leucine 
up.ake was not associated with increased skeletal muscle 
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FIG. 3. BCAA flux across the hindquarter 6 hours after operation increase 
as the concentration of BCAA in arterial blood rises. 


release of glutamine. These results differ from previously 
published findings in which oral leucine” or intravenous 
infusion of BCAAs?! was associated with increased fore- 
arm glutamine production in normal humans. This dis- 
parity in results may be due to alterations in BCAA me- 
tabolism in skeletal muscle caused by the catabolic stim- 
ulus in the postoperative dogs. 

Hindquarter BCAA uptake correlated with the rate of 
BCAA infusion and with whole blood BCAA levels. There 
was also a significant correlation between hindquarter 
BCAA uptake and diminished total amino acid nitrogen 
release. In spite of these relationships, however, skeletal 
muscle nitrogen release was not related to the rate of 
BCAA infusion. Thus, while skeletal muscle amino acid 
nitrogen release was related to skeletal muscle BCAA up- 
take, this response did not occur in a predictable manner 
when BCAAs were administered intravenously. It is pos- 
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sible that hormones (e.g., insulin) or other substrates be- 
sides the BCAAs may determine muscle uptake of BCAAs. 
This, in turn, could account for the wide range of results 
observed in the clinical trials reported to date. 

In addition to BCAA uptake, hindquarter nitrogen bal- 
ance was significantly correlated with changes in either 
the labile pool of skeletal muscle amino acid nitrogen or 
the muscle-free glutamine concentration. As the intra- 
cellular concentration of glutamine and total amino acids 
decreased, the net efflux of skeletal muscle amino acids 
increased. In all three amino acid infusion groups, the fall 
in intracellular amino acid nitrogen observed in saline- 
control animals was prevented. This may have resulted 
from several different mechanisms, including increased 
synthesis of glutamine from BCAAs and a diminished 
intracellular/extracellular gradient for glutamine, as seen 
with the provision of glutamine in the amino acid solu- 
tions. Whatever the mechanism, these data suggest that 
skeletal muscle nitrogen balance is related either directly 
or indirectly to the intracellular amino acid concentration. 
In a cultured skeletal muscle cell line, glutamine has been 
shown to inhibit protein degradation. It is possible that 
our findings in postoperative dogs result from a similar 
regulatory effect of glutamine. 

This study demonstrates that skeletal muscle amino 
acid release and, hence, the net turnover of muscle protein 
can be predicted from two independent measurements. 
These are the rate of BCAA flux across the skeletal muscle 
vascular bed and the concentration of nitrogen in the 
skeletal muscle free amino acid pool. Skeletal muscle 
BCAA uptake appears not to be determined simply by 
the rate of intravenous infusion of amino acids. In con- 
trast, the skeletal muscle intracellular pool of amino acids 
can be predictably maintained by administration of amino 
acid solutions. Further work is necessary to investigate 
the mechanisms that influence BCAA uptake by skeletal 
muscle and the intracellular concentrations of amino acids 
and/or glutamine during critical illness. With better un- 
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derstanding of these metabolic responses, it may be pos- 
sible to reduce consistently and effectively net skeletal 
muscle protein catabolism in critically ill patients. 
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The Effect of Acute Discontinuation of 


Total Parenteral Nutrition 





LAWRENCE D. WAGMAN, M.D.* 
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The present study was undertaken to assess the impact of acute 
discontinuation (AD) of total parenteral nutrition (TPN) on serum 
glucose, insulin, and glucagon levels and on the generation of 
symptomatic hypoglycemia. Fifty studies were performed in 48 
patients. In none of the 30 studies of 1 hour duration nor in the 
20 studies of 8 hours duration was there a single episode of 
symptomatic hypoglycemia. One patient had a glucose below 
normal (60 mg/dl) during the first hour after AD. Glucose and 
insulin concentrations were elevated at the start of TPN discon- 
tinuation but returned to normal values within 60 minutes and 
remained there during the successive 7 hours of study. Although 
glucagon levels were slightly elevated at zero time, no significant 
decrease occurred. There was no evidence for counter-regulation 
based on the patterns of glucose and hormone levels. With some 
restrictions, acute discontinuation is a safe, rapid method of end- 
ing a prolonged TPN infusion. 


HE SEQUENTIAL REDUCTION of glucose concen- 
tration before discontinuation of total parenteral 
nutrition (TPN) is termed tapering. The theoret- 

ical basis for tapering is that the endocrine pancreas is 
“turned on” by the continuous infusion of a glucose load 
at approximately 0.6 g glucose/min. The sudden with- 
drawal of the glucose by discontinuing TPN, in the pres- 
ence of elevated insulin levels, was thought to result in a 
rapid reduction of serum glucose levels. The total glucose 
and amino acid load delivered daily with TPN is calori- 
cally equivalent to that taken during the three meals nor- 
mally ingested. However, man, as a “meal eater,” usually 
has a cyclic elevation in serum glucose and serum im- 
munoreactive insulin (IRI) levels. The cyclic phenomenon 
is very different from the persistently elevated levels of 
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serum glucose (often in the “hyperglycemic” range, 125- 
175 mg/dl) and serum IRI with the continuous glucose 
infusion in TPN in that the endocrine pancreas contin- 
uously produces increased amounts of insulin in response 
to the persistent glucose load. 

The purpose of this study was to examine the effects 
of acute cessation of a glucose infusion in patients receiv- 
ing prolonged infusions of TPN. The effects of diabetes, 
exogenous insulin administration, and primary diagnosis 
were also evaluated. Specifically, the presence or absence 
of the phenomenon of rebound hypoglycemia was eval- 
uated following acute cessation of the standard glucose 
infusion rates used in TPN (0.55 g glucose/min). 


Materials and Methods 


Patients who were placed on total parenteral nutrition 
for at least 7 days were eligible for inclusion into the study. 
The study protocol was judged to contain the appropriate 
ethical standards by the Committee on the Conduct of 
Human Research at the Medical College of Virginia. The 
presence of diabetes or the need for exogenous insulin 
while on TPN did not constitute an exclusion. Those ex- 
cluded were patients with hepatic failure, renal failure re- 
quiring dialysis, or clinical features of an underlying or 
primary disease that would obfuscate the clinical diagnosis 
of hypoglycemia (e.g., coma, expressive aphasia, and in- 
ability to communicate). 

A total of 48 patients were included in one of two study 
protocols involving observation periods of 1 or 8 hours. 
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Two patients were studied twice, 6 and 48 weeks apart. 
Of the 48 patients, there were 36 men and 12 women. 


Their ages ranged from 17 to 75 years, with a mean of 42 ` 


+ 2.2 years. Four of the patients were diabetic before the 
initiation of TPN, and 11 required exogenous insulin de- 
livered in the TPN infusion during the course of treatment. 
The major diagnoses included trauma in ten patients, 
pancreatic disease in 13, and other disorders in the re- 
maining 25 (Table 1). 

Patients received an average of 116.5 + 2.4 ml of TPN 
per hour. All'patients studied had been on a minimum 
of 30 ml/kg of a 25% dextrose and 4.25% Travasol amino 
acid solution (Travenol Laboratories, Inc., Deerfield, IL) 
for 7 days prior to study. Most patients received 500 ml 
of 10% intravenous fat emulsion three times per week 
while on ‘TPN. Patients had been receiving TPN for an 
average of 21.2 + 1.8 days prior to being studied with a 
range of 7-65 days. The patients were on at least a clear 
liquid diet and had their last oral intake at least 8 hours 
before the study. was begun. During the study, patients 
were allowed only 30 ml of water or ice chips per hour. 

Blood sampling began at zero time, simultaneously with 
the discontinuation of the TPN infusion. The initial sam- 
ple was drawn from the peripheral venous system; all other 
samples were drawn through the TPN catheter, unless 
this was not mechanically possible. Immediately after 
phlebotomy, the blood was placed in an appropriate Va- 
cutainer (Becton Dickinson Vacutainer Systems, Ruth- 


erford, NJ) on ice (red-topped, silicone-coated interior for . 
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TABLE 1. Patients’ Primary Diagnosis 


No. of 


Diagnosis Patients 





Crohn’s colitis ` 

Gastric outlet obstruction 
Intra-abdominal abscess 
Short gut TERME 
Trauma . 
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Pa 
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Colon cancer with liver metastases, 
dehydration, malnutrition 

Burns with ileus `` 

Peritoneal carcinomatosis 

Corrosive į ingesion 


glucose; purple-topped, noncoated interior with 10.5 mg 
EDTA (K3) and 0.014 mg potassium sorbate in 0.07 ml 
of 15% EDTA’ {K3) solution with 100 ul of Trasylol for 
insulin and glucagon). Serum was separated by centrifu- 

gation and analyzed for glucose, insulin, and glucagon 
concentration. Glucose was measured bya standard anal- 
ysis procedure on a Beckman Astra (Beckman Instru- 

ments, Palo Alto, CA), using an oxygen electrode. Insulin 
was measured by radioimmunoassay, using human insulin 


—_— ne © cae wm o m 6 wine a (1 4) 


e GLUCAGON 


18 
OP 6LUCOSE 


i > INSULIN 


DURATION OF STUDY (HOURS) 


526 








# (24) 
250 \ 
(26) 
* 
200 
(14) 
(20) 
(14) 
a 150 | 
> 
lg s 
mad 
Se 
a (26) | | | m 
o 100 | P 
| (26)** 
(20) % 
Yip 
sok «YY 
VAPA 
F? 
(30) INSULINA 
D, 
az (20) +» 
(29) «+ 





DURATION OF STUDY (HOURS) 


Fic. 2. Comparison of zero time and | hour glucose, glucagon, and 





insulin levels. Group I ( ) vs. group H (~--). Group I vs. group H 
significant difference, *. Time zero vs. 1 hour significant difference, **. 
The value for glucagon at | hour was significantly elevated; all other 
significant values were decreased. Number in parenthesis represents actual 
number of evaluable samples at the particular time point. Glucose mg/ 
di, glucagon pg/ml, insulin U/ml. 


as the standard.' Glucagon was also measured by ra- 
dioimmunoassay, using porcine glucagon as the stan- 
dard and antiserum 30K (purchased from Dr. Roger H. 
Unger).” 

Patients were continuously monitored during the study 
period, both objectively, with blood pressure and pulse 
rate, and subjectively as to feelings of nervousness, trem- 

ling, diaphoresis, headache, or lethargy. 
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The patient population consisted of two groups. The 
first 20 patients—group I—had blood sampling done at 
0, 15, 30, 60, 120, 240, and 480 minutes after acute dis- 
continuation. An analysis of the results in the first 20 
patients documented in each case a nadir in serum glucose 
between 30 minutes and | hour. Therefore, the study pe- 
riod was shortened to assess the early changes in glucose, 
insulin, and glucagon. The next 29 patients (30 studies) — 
group H—had “short studies,” consisting of blood sam- 
pling at O and 60 minutes. All patients were observed 
beyond 60 minutes to confirm the absence of symptoms 
after the sampling period ended. 

Ideal body weight (IBW) was calculated utilizing the 
Metropolitan Life Insurance Company of New York 
Height and Weight Tables published in 1983. These values 
are based on medium frame size, height without shoes, 
and nude weight. Ten patients fell below the 100th per- 
centile; the remainder exceeded it. This was consistent 
with the large number of patients (25) with an acute dis- 
ease. 


Statistical Analysis 


Data were analyzed for the entire population and for 
a variety of selected subgroups, e.g., group I, group II, 
patients with diabetes, etc. 

Data are expressed as the mean + standard error of the 
mean, unless otherwise noted. The range of values is noted 
in parenthesis following the mean and standard error. To 
normalize the data, the natural log of the data values was 
used in the statistical comparisons of groups I and II. These 
data were expressed as the inverse natural log, with the 
range noted in parentheses. Intergroup comparisons were 
performed utilizing the Levene test for equal variances, 
followed by either standard analysis of variance (when 
Levene > 0.05) or Welch test for nonequal variances 
(when Levene < 0.05). Significance was established when 
p < 0.05. 


Results 
Symptomatic Hypoglycemia 


Fifty studies were performed on 48 patients. No patient 
had symptoms or signs of hypoglycemia during the study 
period—either 1 or 8 hours of observation. Several pa- 
tients requested water during the study, and this was ad- 
ministered as per Methods. 


Glucose 


The mean plasma glucose level at the initiation of the 
study was 127.0 + 8.2 (range: 89-336) mg/dl (Fig. 1) 
[group I 170.9 (89.0-337.0); group H, 103.8 (70-144)]. 
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This represents a significantly higher mean level in group 
I (Fig. 2). A progressive fall was noted during the first 60 
minutes of the study. The nadir mean glucose level, oc- 
curring at 1 hour was 99.2 + 6.7 mg/dl [group I 113.4 
(70. 0-333 0); group IIL 81.5 (70.0-159.0)]. One patient 
with short gut syndrome had glucose Jevels below normal, 
49 and 53 at 15 and 30 minutes, réspectively. She re- 
mained asymptomatic. Three other patients had glucose 
levels Jess than 70 mg/dl during the first hour. There was 
no correlation with the diagnosis, duration or rate of TPN, 
IBW, exogenous insulin administration, age, or sex of the 
patient. Mean values remained stable at approximately 
130 mg/dl until study termination. A significant reduction 
was noted for the mean serum glucose comparing ‘times 
0 and 60 minutes. No significant changes occurred after 
60 minutes (Fig. 1). Patterns of glucose charige were in- 
dependent of patient age, initial glucose level (<200 mg/ 
dl versus =200 mg/dl) (Fig. 3), diagnosis (Fig. 4), Or study 
group (Fig. 2) 


Insulin 


The initial insulin values for the entire study group 
were 75.83 + 9.95 ‘microunits/milliliter (7-340). The 
mean initial values were the maximum for the balance 
of the study period. Study group II had a significantly 
higher initial insulin level when compared to group I [66.0 
(8.0-341 0) versus 33.7 (8.0~111.1)].-In study group I, the 

nadir insulin level ‘occurred at 4 hours. Insulin values i in 


group I remained significantly less than those in group II 
at 1 hour [group I 10.5 (3.5~56.0); group II 16.1 (3.5- 
185.7)] (Fig. 2). For both groups, there was a significant 
decrease from time zero to 1 hour. Group I had no further 
significant reduction after | hour. Patients with pancreatic 
disease had a slower return of their insulin values to base- 
line compared to all other patients. Six of 13 studies in 
patients with pancreatic disease were begun while the pa- 
tient was receiving exogenous insulin. The addition of 
insulin to the TPN solution did not indépendently alter 
the pattern of postdiscontinuation insulin levels. 


Glucagon 


The initial serum glucagon level was 248.42 + 26.33 
picograms/milliliter (65-690). There was no difference 
when groups I and II were compared at time zero. No 
significant change in glucagon was recorded over the first 
60 minutes of study. Group II glucagon levels were sig- 
nificantly greater than group I levels at time 60 minutes 
(Fig. 2). Stable glucagon levels persisted from 1 to 8 hours 
in group I. There was no evidence of counter-regulation 
during the experimental period. The rise in glucagon was 
borderline i in group Il, but not significant. 


Discussion 


Current recommendations* suggest a prolonged period 
of tapering of TPN lasting as long as 3 days. This tapering 
before discontinuation was to protect against untoward 
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FIG. 4. Comparison glucose, glucagon and insulin levels of patients with 
pancreatic abnormalities (~ — ~), to all other patients (———-). Number in 
parenthesis represents actual number of evaluable samples at time points 
l and 8 hours. Glucose mg/dl, glucagon pg/ml, insulin «U/ml, 


rebound hypoglycemia.’ Previous studies have examined 
portions of the phenomena of tapering and found only 
moderate hypoglycemia and hyperinsulinemia without 
symptoms.”’ Symptomatic hypoglycemia could be in- 
duced only by increasing the flow rate of TPN 30 minutes 
before acute discontinuation.’ This maneuver markedly 
elevated the serum glucose to approximately 400 mg/dl, 
with a parallel rise in the serum insulin to greater than 
400 U/ml. It would be unlikely that a patient on TPN, 
a chronic treatment, would receive a bolus of carbohydrate 
immediately before discontinuation of TPN. The usual 
clinical situation is of a patient ready to start, or who has 
already begun, oral feeding. The interpretation of the ex- 
tant studies is limited because the studies have either a 
short tapering period (30 minutes)® or lack cumulative, 
statistical evaluation of the results.’ 

A theoretical argument, supported by in vivo experi- 
mentation, has been postulated to explain the absence of 
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symptomatic hypoglycemia when TPN is discontinued 
after a short, 30-minute tapering period. Byrne et al.’ 
demonstrated a decrease in the number of insulin recep- 
tors on circulating monocytes in patients who were re- 
ceiving a 12-hour constant infusion of 60 g dextrose/h, 
although at 29.2 g dextrose/h there was no difference from 
the control group (non-TPN, normal, nonobese patients 
after 8 h fast). This “down regulation” of insulin receptors 
would provide end organ insensitivity to the elevated levels 
of circulating insulin shortly after the discontinuance of 
TPN. The insensitivity would provide a buffer zone while 
the hyperinsulinemia associated with TPN reverted to the 
normal setpoint, i.e., that without the TPN-imposed glu- 
cose drive. The longevity of the down regulation would 
play a role in its protective effect. Differences in pulse and 
continuous delivery of TPN may have variable effects on 
the insulin receptor. 

Some patients with diabetes have chronic decreases in 
the number of insulin receptors on circulating monocytes.’ 
These patients would be less susceptible to rebound hy- 
poglycemia because of their baseline end organ insensi- 
tivity. Our study failed to provide data supporting a pro- 
tective effect of diabetes; however, these patients were no 
more susceptible to acute discontinuation hypoglycemia 
than were nondiabetic patients. 

This study serves to provide guidelines for the discon- 
tinuation of TPN. Patients with diseases that preclude 
accurate assessment of symptomatic hypoglycemia and 
those with severely impaired insulin and glucose metab- 
olism (renal failure, hepatic failure, total pancreatectomy) 
should undergo a prolonged, observed tapering period. 
Because glucose and insulin values had returned to base- 
line in 2 hours in all patients studied, a tapering period 
exceeding this length is not necessary. Herold et al.!? re- 
ported that the clinical manifestations of hypoglycemic 
cortical dysfunction occasionally showed a lag in presen- 
tation following insulin-induced hypoglycemia. However, 
these delayed findings of dysfunction were never recorded 
more than 60 minutes after the nadir in glucose levels, 
and no long-term abnormalities were documented in that 
study’s subjects.'° However, some fluctuations do exist 
during this period, and, until a larger experience is gained 
with acute discontinuation of TPN, a 2-hour tapering pe- 
riod where the infusion rate is decreased by 50% during 
the first hour, by an additional 50% in the second hour, 
and then discontinued would be safe and prudent. This 
2-hour tapering period would allow for modest glucose 
variations, up regulation of insulin receptors, and return 
of serum insulin levels to normal. This suggested plan is 
supported by methodology used in the discontinuation of 
TPN in patients on home parenteral alimentation. 

The study is relevant to the clinician, nurse, pharmacist, 
and patient. All four are integrally involved in the delivery ~ 
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of adequate calories in the safest and most efficacious 
manner to the hospitalized patient. With the tapering pe- 
nods currently employed, there is a prolongation of hos- 
pital stay, an increase in the utilization of the TPN ser- 
vice’s manpower and resources, and an obligate increase 
in the cost of appropriate medical care imposed by pro- 
longed tapering. In addition, reduction in the time a pa- 
tient spends on TPN will reduce the associated TPN com- 
plications.!!~!3 
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Impact of Emergency Angiography in Massive 
Lower Gastrointestinal Bleeding 





WILLIAM BROWDER, M.D. ELMO J. CERISE, M.D. 


MARTIN S. LITWIN, M.D. 





Fifty patients with massive lower gastrointestinal bleeding were 
initially managed with emergency angiography. The average age 
was 67.2; mean hematocrit, 23.7; and average transfusion, 7.6 
units. Thirty-six patients (72%) had bleeding site located; bleed- 
ing sites were distributed throughout the colon. Etiologies of 
bleeding included diverticular disease (19 patients) and arterio- 
venous malformations (15 patients). Twenty of 22 (91%) patients 
receiving selective intra-arterial vasopressin stopped bleeding; 
however, 50% rebled on cessation of vasopressin. Thirty-five of 
50 (70%) patients underwent surgery, with 57% operated on 
electively after vasopressin therapy. Seventeen patients had seg- 
mental colectomy, with no rebleeding. Nine of the 17 patients 
had diverticular disease in the remaining colon. Operative mor- 
bidity in these 35 patients was significantly improved when com- 
pared to previously reported patients undergoing emergency 
subtotal colectomy without angiography (8.6% ys. 37%) (p 
< 0.02). Emergency angiography successfully locates the bleed- 
ing site, allowing for segmental colectomy. Vasopressin infusion 
transiently halts bleeding, permitting elective surgery in many 
instances. 


HILE THE MAJORITY of patients with com- 
plaints of lower gastrointestinal bleeding 
spontaneously cease hemorrhaging, continu- 

ing massive rectal bleeding poses both diagnostic and 
therapeutic problems. When the source of such bleeding 
is obscure and exploratory laparotomy is performed, in- 
traoperative efforts to locate and resect the source of 
bleeding are often unsuccessful. Because the results of this 
approach have been so discouraging, some have advocated 
routine emergency subtotal colectomy in those with mas- 
sive rectal bleeding.' 

Selective arterial catheterization to identify bleeding 
sites in the gastrointestinal tract was first described in the 
1960s.7 Since that time, numerous studies have docu- 
mented the diagnostic and therapeutic benefit of angiog- 
raphy and vasopressin infusion in the lower gastrointes- 


A ee TN A ALLL RUAN Hi NN SAR mug I AHMAR RUA ARH cre rR I RRR Ye pr OTP UA pt 





Reprint requests: William Browder, M.D., Tulane Medical School, 
Department of Surgery, 1430 Tulane Avenue, New Orleans, LA 70112. 
Submitted for publication: February 26, 1986. 


From the Department of Surgery, Tulane University 
School of Medicine, New Orleans, Louisiana 





tinal bleeder.*’? Widespread use of angiography in such 
patients has led to the realization that the arteriovenous 
(AV) malformation, heretofore an unknown source of 
bleeding, is an important clinical entity. The character- 
istics of this gastrointestinal lesion have now been well 
documented.®&?"'? 

The use of recently developed colonoscopic instruments 
and nuclear scanning techniques has created confusion 
about the role of angiography in the management of these 
patients. This present study was designed to assess the 
contribution of emergency angiography and vasopressin 
infusion in the management of patients with massive lower 
gastrointestinal bleeding. 


Methods and Materials 


Fifty patients admitted since 1980 to the Tulane Sur- 
gical Service with massive lower gastrointestinal bleeding, 
as defined by one of the following two criteria, were stud- 
ied: (1) requirement of 4 units of blood transfusion during 
the initial 2 hours in the hospital, (2) systolic blood pres- 
sure below 100 mmHg while actively bleeding. Following 
the institution of intravenous fluids and blood sampling 
for routine chemistries, screening for etiology of the 
bleeding was accomplished using the diagnostic scheme 
described by Boley et al.” 

This protocol included insertion of a nasogastric tube 
and examination of the aspirate to rule out upper gas- 
trointestinal bleeding. Proctoscopy was performed to rule 
out anorectal pathology as a source of the bleeding. A 
coagulation profile including prothrombin time, partial 
thromboplastin time, and platelet count was used to detect 
any coagulopathy. 


After completion of these initial studies, selective an- ~ 


giography was performed in all 50 patients. Both the su- 
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perior and inferior mesenteric arteries were catheterized 
in an effort to locate the bleeding site in the colon. If no 
bleeding site was identified and active bleeding continued, 
an emergency subtotal colectomy was performed. If no 
site was identified but active bleeding stopped, barium 
enema and colonoscopy were accomphshed and elective 
colon resection performed, if indicated. If a source of ac- 
tive bleeding was localized by the emergency angiography, 
selective vasopressin infusion was performed when pos- 
sible (Fig. 1). 

Vasopressin infusion was performed as described by 
Baum et al.*!* Following localization of the bleeding site 
and proper placement of the catheter, infusion of vaso- 
pressin was begun at 0.2 units/min, increasing to 0.4 untts/ 
min, if needed. A follow-up arteriogram was done 20-30 
minutes later to demonstrate vasospasm and cessation of 
bleeding. If successful, vasopressin infusion was tapered 
over the ensuing 24—48 hours. All patients who stopped 
bleeding as a result of the vasopressin infusion were fol- 
lowed closely for recurrent bleeding. Those who had a 
second bleeding episode in the hospital were immediately 
operated on. The remainder underwent further diagnostic 
work-up, and an elective operative procedure was per- 
formed when indicated. All patients were monitored fol- 
lowing discharge for recurrent bleeding. Follow-up periods 
ranged from 10 months to 4 years. 

In those patients who were operated on, morbidity and 
mortality statistics were collected and tabulated. These 
results were then compared to those in a previous report 
from our institution by Drapanas et al. in 1973, in which 
massive lower gastrointestinal bleeders underwent emer- 
gency subtotal colectomy without the benefit of prior an- 
giography.' Statistical analysis of difference between the 
two groups of patients was based on Yates correction of 
x? with one degree of freedom. A x? value representing a 
95% confidence level was considered significant. 


Results 


Average age of these 50 patients was 67.2 years (range: 
between 39 and 93 years). There were 29 women and 21 
men. Thirty-one patients were hypertensive, and 21 pa- 
tients had congestive heart failure and/or ischemic heart 
disease. Diabetes mellitus was noted in ten patients. Av- 
erage systolic blood pressure for the 50 patients was 111 
mmHg (range: 60-180 mmHg). Mean pulse rate was 99 
(60-130). Average hematocrit for these patients was 23.7% 
(range: 7-34%). Average amount of blood transfused was 
7.6 units (range: 2—40 units). 


Emergency Angiography 
All 50 patients who underwent emergency angiography 


>~ were actively bleeding. In 36 patients (72%), extravasation 


of contrast material was noted, and a bleeding site located. 
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Barium enema E 
Colonoscopy subtotal colectomy 


Elective resection if indicated 
Fig. 1. Diagnostic protocol utilized in 50 patients with massive lower 
gastrointestinal bleeding. 


Negative angiographic findings in 14 patients (28%) ap- 
peared to be related to delay in performing the angiog- 
raphy. In this latter group of patients, the delay ranged 
from 2 to 18 hours (average: 6 hours). Sites of active 
bleeding were located primarily in the right colon (Fig. 
2). Nineteen patients bled from diverticular disease; in 15 
patients AV malformations were demonstrated as the 
source of bleeding, and one patient bled from a left colon 
ulcer. 


Selective Vasopressin Infusion 


Twenty-two of the 36 patients with identifiable bleeding 
sites underwent selective vasopressin infusion. Failure to 
utilize vasopressin in 14 patients was related to inability 
to maintain selective catheterization of the vessel, presence 
of severe ischemic heart disease, or cessation of bleeding 





FIG. 2. Site of bleeding in the 36 patients who had contrast extravasation 
at angiography. One patient had active bleeding from two AV malfor- 
mations located in the left and right colon. 
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TABLE |. Operative Procedures in Massive Colon Bleeding 


N 
Subtotal colectomy is 
Right colectomy E 
Left colectomy 4 


Transverse colectomy 
Sigmoid colectomy i 


during the angiography. Vasopressin infusion stopped the 
bleeding in 20 of the 22 patients (91%); however, ten of 
these 20 patients (50%) rebled after the vasopressia was 
discontinued. Five of the patients who rebled did so within 
the first 6 hours following cessation of vasopressin infu- 
sion. The remainder rebled within 3 days after the drug 
was discontinued. 


Gastrointestinal Work-up 


Forty-four of the 50 patients underwent proctoscopy 
on admission to the hospital. In 40 of these patients, proc- 
toscopy revealed active bleeding from beyond the extent 
of the proctoscope. In four patients, proctoscopy revealed 
no active bleeding in the area of the rectosigmoid. In those 
patients who stopped bleeding either spontaneously or 
following vasopressin administration, elective diagnostic 
work-up of the colon was accomplished. Thirty-five pa- 
tients underwent barium enema. Diverticular disease was 
noted to be confined to the left colon in 14 patients and 
was diffuse in 12 patients. Nine patients had a normal 
barium enema. Because of the short time that elapsed 
before angiography, colonoscopy was performed in only 
15 patients. In 11 of the 15 patients who were colono- 
scoped, blood was noted throughout the entire colon. No 
obvious site of active bleeding was located during any of 
the colonoscopic examinations. 


Surgical Intervention 


Thirty-five of the 50 patients (70%) underwent colon 
resections. Twenty of these patients (57%) had an elective 
operation. Of these 20 elective resections, ten patienis had 
rebled while in the hospital after vasopressin infusion had 
been discontinued. Fifteen of the 35 patients (43%) had 


TABLE 2. Etiology of Massive Lower Gastrointestinal Bleeding 





AV 
Malformation Diverticulum 

Age 67.6 68.6 
Admitting systolic pressure 124* gg* 
Admission hematocrit 23 23.9 
Amount transfused (units) T3 €.4 
Success with vasopressin 9/9 (100%) 12/13 (92%) 
Rebleeding with 

vasopressin 3/9 (33%) 7/12 (58%) 

* p< 0.02. 
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emergency surgery. Seven of these 15 patients had had 
negative angiography, but, because active bleeding con- 
tinued, emergency surgery was necessary. The remaining 
eight patients did not have vasopressin infusion attempted 
and either continued bleeding or rebled shortly after an- 
giography; in these latter patients, emergency surgery was 
also necessary. 

The 15 patients who did not have an operation either 
refused surgery or were such poor operative risks that 
operation was contraindicated. Eight of these patients 
have been followed for over | year with no episode of 
rebleeding. 

Various operative procedures were performed in the 
35 patients (Table 1). Subtotal colectomy was performed 
when there was diverticular disease throughout the colon 
(10 patients). Four patients underwent subtotal colectomy 
for continued bleeding from an unknown site. An addi- 
tional four patients had subtotal colectomy for multiple 
bleeding sites or other associated colon pathology, such 
as carcinoma. 

Three of the 35 patients undergoing surgery developed 
complications after operation. Two patients developed 
subphrenic abscesses, and one developed a superficial 
wound infection. Overall operative morbidity of 8.6% was 
significantly lower than the 37% morbidity reported by 
Drapanas et al. in a series of patients who underwent 
emergency subtotal colectomy for lower gastrointestinal 
bleeding at our institution’ (p < 0.02). One of the 50 
patients undergoing angiography developed femoral artery 
thrombosis following completion of the study. This patient 
underwent arterial thrombectomy at the time of colec- 
tomy and recovered with no sequelae. 

Operative mortality in this current group of patients 
was 11.4%. Causes of death included myocardial infarc- 
tion, abdominal bleeding secondary to myelofibrosis, renal 
failure, and subphrenic abscess. This mortality rate was 
essentially the same as the 11% following emergency sub- 
total colectomy as reported by Drapanas et al. in 1973.! 

Seventeen of the 35 operations (48.6%) consisted of 
segmental resection of the bleeding site. Nine of the 17 
patients undergoing segmental colectomy had diverticular 
disease present in the remaining colon that was not re- 
sected. Mean follow-up of 18 months has revealed no 
rebleeding in any of the 17 patients. The only episode of 
rebleeding following surgery has been in a patient who 
underwent subtotal colectomy for multiple colonic AV 
malformations and 7 months later developed lower gas- 
trointestinal bleeding from an AV malformation in the 
jejunum. Further work-up revealed multiple AV malfor- 
mations throughout the small bowel. 


AV Malformation Versus Diverticular Disease 


Since AV malformations and diverticular disease were 


the most common etiologies in this group of patients, 


» 


am 


Vol. 204 » No. 5 


these two entities were analyzed separately and then com- 
pared for any major differences in clinical presentation 
(Table 2). Mean systolic blood pressure was significantly 
lower in the patients who were bleeding from diverticular 
disease; however, average admission hematocrit and 
amount of blood transfused were not significantly different 
between the two groups. While both groups responded 
equally to vasopressin infusion, diverticular bleeding was 
somewhat more likely to recur. In 12 of the 15 patients 
with AV malformations, the bleeding site was located in 
the right colon. However, in those patients with diverti- 
cular disease, the bleeding sites were equally distributed 
throughout the colon. 
Discussion 

This series of patients with massive lower gastrointes- 
tinal bleeding, as defined by continued rectal bleeding with 
hypotension or transfusion of more than 4 units of blood, 
was composed primarily of elderly patients (mean age: 
67). Drapanas et al., reporting on patients with massive 
rectal bleeding between 1968 and 1972, also noted a pre- 
ponderance of the aged (mean age: 65).' Others have also 
documented that this disease remains one of the elderly 
population. This group of patients also required large 
amounts of blood transfusion to stabilize the hematocrit 
(average: 7.6 units). Boley et al. likewise noted that, when 
the elderly patients with lower gastrointestinal bleeding 
were bleeding rapidly enough to result in positive angiog- 
raphy, they also required extensive transfusion (7.6 units).° 
Those with negative angiography who presumably had 
stopped bleeding required less transfusion (4 units).° 

Widespread use of angiography has identified AV mal- 
formation as a frequent cause of gastrointestinal bleeding. 
In the present series, 15 of the 36 patients who were iden- 
tified by angiography to be actively bleeding had AV mal- 
formations. Based on characteristic radiographic findings 
and their high frequency of occurrence in the elderly, 
Boley et al. have hypothesized that they are degenerative 
lesions associated with repeated partial and intermittent 
low grade obstruction of the submucosal veins of the right 
colon.®!>!6 Since bleeding from these AV malformations 
is venous in origin, one could reasonably expect them to 
be self-limiting and frequently to stop hemorrhaging 
spontaneously. Several reports have confirmed this ob- 
servation.*!° In one series, 30 of 32 AV malformations 
stopped bleeding spontaneously.!° Not surprisingly, an- 
giography under such “elective situations” often results 
in failure to demonstrate extravasation. of the contrast 
material. Several reports of large numbers of patients 
managed in this fashion have described only a 10-20% 
incidence of extravasation at angiography.*®*!3 For this 
reason, AV malformation has not been emphasized as an 
etiology of massive lower gastrointestinal bleeding. In this 
experience, all patients were excluded who spontaneously 
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stopped bleeding or were bleeding at slow rates; only those 
with severe, active rectal bleeding were studied. Fifteen 
of these patients had AV malformations confirmed as their 
source of bleeding by pathologic examination and/or ra- 
diographic findings at the time of angiography. All 15 of 
these patients demonstrated extravasation of contrast 


material at the time of angiography. Based on this expe- 


rience, it is apparent that a patient with an AV malfor- 
mation may have bleeding as severe as that from diver- 
ticular disease. 

Because bleeding from diverticular disease is usually 
arterial in nature, it has long been reported that massive 
bleeding from diverticular disease is more severe than that 
seen from AV malformations. The present study includes 
19 patients with massive lower gastrointestinal bleeding 
from diverticular disease. However, when those patients 
were compared to the 15 patients with AV malformations, 
there was very little difference between the two groups. 
While the mean admitting systolic blood pressure was 
significantly lower in the patients bleeding from diverti- 
cular disease, both the mean hematocrit and average 
amount of blood transfused were no different in the two 
groups of patients. Both groups of patients also responded 
similarly to vasopressin infusion during angiography. 

Several reports have noted almost exclusive location of 
the AV malformation in the right colon.*® However, there 
have been reports of AV malformations bleeding signif- 
icantly from the left and transverse colons.’ In this report, 
12 of the 15 AV malformations were located in the right 
colon, and only three were in the left colon. Because of 
the occasional left-sided location of AV malformations 
and the frequent coexistence of AV malformations and 
diverticular disease, prompt angiography is of paramount 
importance in obtaining an accurate etiology and location 
of the gastrointestinal bleeding. 

Seventy-two per cent of our patients had a bleeding site 
demonstrated by extravasation of contrast material at an- 
giography. This result compares favorably with results re- 
ported in other series of patients with lower gastrointestinal 
bleeding studied by angiography (Table 3). The collected 
series totaled 247 patients, with angiography being suc- 
cessful in demonstrating the bleeding site in 69% of the 
cases. In many of these collected reports, the degree of 
bleeding at the time of angiography and the timing of 
angiography following detection of the rectal bleeding were 
not specified. These two factors have great bearing on the 
success rate of angiography. In our experience with this 
group of actively bleeding patients, average time to an- 
giography in the unsuccessful cases was 6 hours. This fur- 
ther emphasizes the importance of avoiding delay in the 
initial work-up. 

Since it detects rates of bleeding as low as 0.1 ml/min, 
some have advocated routine use of the technitium scan 
prior to angiography so as to insure that bleeding is suf- 
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TABLE 3. Detection of Bleeding Site by Angiography 





No. 
No. Detected Per Cent 
Present series 50 36 72 
Welch, 19784 26* 20 77 
Britt, 1983° 40 23 58 
Nath, 1981° 14 12 86 
Wright, 1979° 14 12 86 
Boley, 1979° 43 28 65 
Casarella, 1974’ 60 40 67 
Total 247 171 69 





* Diverticular disease only. 


ficiently active to warrant angiography.'? Our approach 
in this group of actively bleeding patients was immediately 
to perform emergency angiography and to forego the delay 
that would occur with attempts at nuclear scanning. Oth- 
ers have also advocated immediate angiography in patients 
who are unstable and actively bleeding." 

Baum et al. were the first to popularize intra-arterial 
vasopressin as a means of halting gastrointestinal bleed- 
ing.'*!® In our experience, 91% of those who underwent 
intra-arterial vasopressin had cessation of bleeding. 
However, 50% of these patients rebled at varying time 
intervals after the termination of vasopressin infusion. A 
review of 83 collected cases of colon hemorrhage treated 
by vasopressin reveals similar results (Table 4). Eighty- 
two per cent of these patients had success with the vaso- 
pressin. However, subsequently 41% of the initial successes 
had recurrent bleeding following discontinuation of the 
vasopressin. Athanasoulis et al. have detailed some of the 
clinical problems that arise with the use of vasopressin in 
colon bleeding.'? They reported 17 patients who stopped 
bleeding with vasopressin and did not undergo elective 
colectomy. Of the 17, eight subsequently rebled. It is quite 
apparent that frequently vasopressin infusion is only a 
temporizing measure in the active lower gastrointestinal 
bleeder. 

A critical question regarding vasopressin infusion is 
whether its use allows stabilization of critically ill patients 
so that later elective colon resection can be performed. 


TABLE 4. Control of Hemorrhage by Vasopressin Infusion 


Successful Rebleeding 

No. (%) (%) 
Present series 22 20 (91) 10 (50) 
Welch, 19784 22 18 (82) 4 (22) 
Wright, 1980° 20 14 (70) 10 (71) 
Britt, 1983° 7 6 (86) 4 (67) 
Clark, 19817” 12 10 (83) -= 
Total 83 68 (82) 28 (41) 
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TABLE 5. Segmental Colectomy for Lower Gastrointestinal Bleeding 
e ee a ee ee, 





No. Resected Reblied 
Present series 17 0 
Nath, 1981° 16 0 
Britt, 1983° 14 i 
Casarella, 1974’ 30 0 
Boley, 1979'° 27 4 
Welch, 19784 42 4 
Wright, 19808 21 l 
Total 167 10 (6%) 





Avoidance of emergency subtotal colectomy should then 
result in improved operative morbidity and mortality. In 
an effort to clarify this issue, comparison was made be- 
tween this recent experience and the emergency subtotal 
colectomy patients reported by Drapanas et al.! This latter 
group of 30 patients had massive colon bleeding and un- 
derwent emergency subtotal colectomy. Because angiog- 
raphy was not readily available at that time, none of them 
had preoperative angiography. Using this emergency ap- 
proach, operative morbidity was 37%.' In contrast, in our 
series, management with angiography and vasopressin in- 
fusion allowed 57% of our patients to undergo elective 
operations; this resulted in a significant improvement in 
operative morbidity (8.6%). 

Operative mortality in our patients managed with an- 
giography was similar to that in the emergency subtotal 
colectomy group. However, close analysis of the mortality 
in patients undergoing angiography reveals that all four 
deaths occurred after emergency subtotal colectomy for 
continued bleeding when vasopressin therapy was not used 
or failed. There was no operative mortality in patients 
who had successful vasopressin therapy and subsequent 
elective colectomy. These results indicate that emergency 
angiography and vasopressin therapy can have a beneficial 
impact on the management of these very difficult patients. 

In the present experience, both subtotal colectomy and 
segmental resection were utilized. Subtotal colectomy was 
used most frequently in patients who had diffuse diver- 
ticular disease, an unknown bleeding site in the colon, or 
other colonic pathology in addition to the primary bleed- 
ing site. The success of angiography in identifying a dis- 
crete bleeding site in the colon has prompted some to 
advocate segmental resection in the management of these 
patients.”'*'? In our series, 17 patients underwent seg- 
mental colectomy (8 for AV malformation, 9 for diver- 
ticular disease). In all of these patients, the bleeding sites 
were located by extravasation of contrast, and none have 
rebled following surgery. In a collective review of 167 pa- 
tients undergoing segmental resection for lower gastroin- 
testinal bleeding, the overall rebleeding incidence was 6% 
(Table 5). 


Sf 


Vol 204 + No. 5 


Several authors have looked specifically at segmental 
colectomy for AV malformations. Welch et al. reported 
31 right colectomies for AV malformations and four in- 
stances of rebleeding.* Similarly, Boley et al. reported 27 


fight colectomies for AV malformations with rebleeding 


in three patients.'!° However, both of these studies included 
patients who did not have the bleeding site identified by 
extravasation of contrast material. Rather, the AV mal- 
formation was identified by angiographic characteristics 
following cessation of the active colon bleeding. 

A difficult decision must be made when segmental co- 
lectomy is performed for bleeding from a site identified 
by angiography and the remaining colon contains diver- 
ticular disease. In our series, nine patients had segmental 
colectomy and no rebleeding from the remaining colon 
that contained diverticular disease. Boley et al. reported 
11 patients with segmental colectomy for bleeding AV 
malformation and diverticular disease in the remaining 
colon segment. Of these, only one rebled after surgery.® 
In the 27 right colectomies for AV malformations reported 
by Boley et al., the three patients who rebled did so from 
diverticular disease in the remaining left colon.!° Based 
on our experience and that summarized above, it can be 
concluded that segmental colectomy can be performed 
with a low incidence of rebleeding, provided the bleeding 
site is clearly identified by angiography. 

Controversy still exists concerning the advantage of 
segmental colectomy.!37! The obvious advantage of sub- 
total colectomy over segmental colectomy is that any pos- 
sible area of future bleeding in the remaining colon will 
be removed. However, our data support the concept that, 
with prompt identification of a bleeding site by the judi- 
cious use of angiography, segmental colectomy can be 
performed with rates of rebleeding comparable to that of 
subtotal colectomy. 

The role of subtotal colectomy in the management of 
colon bleeding also remains controversial. Welch et al. 
recommended subtotal colectomy for patients with diffuse 
disease and for those with both right-sided AV malfor- 
mations and left-sided diverticular disease.* In contrast, 
Boley et al. recommended subtotal colectomy in such pa- 
tients only as a last resort. Rather, segmental colectomy 
should be performed when any bleeding site is identified 
by angiography. Additionally, when an angiogram dem- 
onstrates an AV malformation, even when there is no 
extravasation of contrast material, right hemicolectomy 
should be performed even when there is diverticular dis- 
ease in the remaining colon. Subtotal colectomy should 
be performed only when the angiogram is normal and 
the patient continues to bleed actively.!> We support the 
more aggressive use of segmental colectomy. However, 
we must again stress the importance of early angiography 
to document by extravasation of contrast the exact bleed- 
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ing point in these patients. In the absence of demonstrated 
extravasation by angiography, we would not recommend 
segmental resection of an AV malformation if diverticular 
disease is present in the remaining colon. The incidence 
of rebleeding in such patients is significant. 


Summary and Conclusions 


In this experience with 50 patients with massive lower 
gastrointestinal bleeding, early angiography in the actively 
bleeding patient resulted in localization of the bleeding 
site in 72% of the patients. The bleeding sites occurred 
more often in the right colon, but 36% of the patients had 
bleeding from the left colon or sigmoid colon. AV mal- 
formation was the etiology of the massive bleeding in ap- 
proximately one half of the patients diagnosed. Treatment 
by vasopressin infusion was successful in 91% of the pa- 
tients so treated, but in half of these patients there was 
only transient hemostasis with rebleeding following ces- 
sation of vasopressin. Of the 35 patients who underwent 
surgery, 57% had initial stabilization with vasopressin 
therapy and underwent subsequent elective colectomy. 
Based on this experience, we feel that early angiography 
on an emergent basis is essential if one is to identify a 
bleeding point in the colon. Additionally, vasopressin in- 
fusion can temporarily halt active colon bleeding so that 
the patient may be stabilized and later undergo elective 
surgery. Improved operative morbidity and mortality will 
then result. 

In this group of patients, operative approach included 
subtotal colectomy and segmental resection. Operative 
morbidity was improved when compared to a previous 
report of patients from this institution who had emergency 
subtotal colectomy without angiography. While operative 
mortality was unchanged between the two groups, all 
deaths in the angiography group followed subtotal colec- 
tomy for continued bleeding. That there has been no in- 
cidence of rebleeding following segmental resection clearly 
illustrates the value of angiographically demonstrating the 
bleeding site in the preoperative work-up. Emergency an- 
giography and vasopressin infusion have thus contributed 
to improvements in the management of the patient with 
massive lower gastrointestinal bleeding by not only allow- 
ing for the avoidance of emergency surgery but also by 
permitting segmental colectomy of the bleeding site. 
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Bone and joint infections caused by Staphylococcus aureus. 
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Serious acute hypersensitivity reactions may require epinephrine and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
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does occur during therapy, appropriate measures should be taken. 
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developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
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Weve made significant progress against most forms of cancer. 
3 But, as far as many people are concerned, cancer is still a fatal 

isease. 

There are nearly three million people who would disagree. People 
who have had cancer and are now cured. ` 

For certain forms of cancer, the progress we’ve made is nothing 
short of miraculous. 

With early detection and prompt treatment, the survival rate for 
Hodgkin’s disease can be as high as 74%. Childhood leukemia: as 
high as 65%. Colon and rectal cancer: as high as 75%. Breast cancer: 
as high as 90%. 

Today, one in every two people who get 
cancer will survive. 

As far as we’ve come, we still have quite a 
way to go. And for that, we'd like your help. 
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pediatric surgery; use in children under 2 years of age or under 20 Ibs.; use in children 
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patients about activities requiring alertness (e€.g., operating vehicles or machinery) 
especially during the first few days therapy. Prochlorperazine may intensify or prolong the 
action of other C.N.S. depressants 


Use in pregnancy is not recommended except in cases So serious and intractable that, 

in the physician's judgment, drug intervention is required and potential benefits outweigh 
possible hazards. There have been instances of prolonged jaundice, extrapyramidal 
signs, hyperreflexia or hyporeflexia in newborn infants whose mothers received 
phenothiazines. There is evidence that phenothiazines are excreted in the breast milk of 
nursing mothers. 


Precautions: The antiemetic action of Compazine’ may mask the signs and symptoms of 
overdosage of other drugs and may obscure the diagnosis and treatment of other 
conditions such as intestinal obstruction, brain tumor and Reye's syndrome (See 
Warnings) Postoperative aspiration of vomitus has occurred in a few surgical patients 
who received prochlorperazine as an antiemetic. When used concomitantly with cancer 
chemotherapeutic drugs, may obscure vomiting as a sign of these agents’ toxicity. Deep 
sleep and coma have been reported with prochlorperazine, usually with overdosage 


Neuroleptic drugs cause elevated prolactin levels that persist during chronic administration 
Since approximately one-third of human breast cancers are prolactin-deperdent in vitro, 
this elevation is of potential importance if neuroleptic drug administration is contemplated 
in a patient with a previously detected breast cancer. Neither clinical nor epicermologic 
studies to date, however, have shown an association between the chronic administration 
of neuroleptic drugs and mammary tumorigenesis 


Permanently stop neuroleptic therapy if neuromuscular reactions occur in pregnant 
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In children with acute illnesses or dehydration, use only under close supervision. 
Avoid high doses and parenteral administration when cardiovascular system is impaired 
since hypotension has occurred. Use cautiously in patients with glaucoma. Use with cau- 
tion in persons who will be exposed to extreme heat since phenothiazines may interfere 
with thermoregulatory mechanisms. Phenothiazines can diminish the effect of oral anti 
coagulants. Phenothiazines can produce alpha-adrenergic blockade. Thiazide diuretics 
may accentuate orthostatic hypotension that may occur with phenothiazines. Antihyper 
tensive effects of guanethidine and related compounds may be counteracted when 
phenothiazines are used concomitantly. Concomitant administration of phenothiazines 
with propranolol results in increased plasmaa levels of both drugs and may also precipitate 
phenytoin toxicity. Phenothiazines may lower the convulsive threshold; dosage adjustments 
of anticonvulsants may be necessary. Presence of phenothiazines may produce false 
positive phenylketonuria (PKU) test results. Patients should not receive Compazine’ 48 
hours before or 24 hours after myelography with the contrast medium metrizamide. 


Adverse Reactions: Drowsiness, dizziness, amenorrhea, blurred vision, skin reactions 
Hypotension. Cholestatic jaundice, leukopenia, agranulocytosis. Fatty changes in the liver 
have been observed in a few patients who died while receiving the drug (no Causal 
relationship has been established). Neuromuscular (extrapyramidal) reactions: motor 
restlessness, dystonias, pseudo-parkinsonism, tardive dyskinesia, and a variant, tardive 
dystonia. Contact dermatitis is a possibility if ‘Compazine’ Injection (solution) inadvertently 
gets on hands or clothing 


Other adverse reactions reported with Compazine’ or other phenothiazines: Some 
adverse effects are more frequent or intense in specific disorders (e.g., severe hypoten- 
sion in mitral insufficiency or pheochromocytoma). Grand mal and petit mal convulsions; 
altered cerebrospinal fluid proteins; cerebral edema; prolongation and intensification of 
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hypotension (sometimes fatal), cardiac arrest; pancytopenia, thrombocytopenic purpura, 
eosinophilia, hemolytic anemia, aplastic anemia; biliary stasis; hyperglycemia, hypogly- 
cemia, glycosuria, lactation, galactorrhea, gynecomastia, menstrual irregularities, false 
positive pregnancy tests; photosensitivity, itching, erythema, urticaria, eczema up to 
exfoliative dermatitis; asthma, laryngeal edema; angioneurotic edema, anaphviactoid 
reactions; peripheral edema; reversed epinephrine effect; hyperpyrexia, mild fever after 
large |.M. doses; increased appetite; increased weight; a systemic lupus erythematosus- 
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Note: Sudden death in patients taking phenothiazines (apparently due to cardiac arrest or 
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Enterogastric Reflux and Gastric Clearance of 
Refluxate in Normal Subjects and in Patients 
with and without Bile Vomiting Following 


Peptic Ulcer Surgery 





COLIN MACKIE, M.D., F.R.C.S.(Ep) 


A noninvasive scintigraphic technique was used to estimate en- 
terogastric reflux and subsequent gastric evacuation of refluxate 
in 35 normal, healthy subjects and 55 patients previously treated 
by vagotomy or partial gastrectomy. Reflux was provoked by a 
milk drink and quantitated by counting *T'c"-EHIDA activity 
within the gastric area during gamma camera imaging. Seven 
normal subjects (20%) showed reflux of 5-18% of mitial activity 
(mean: 10%), with peak values occurring at 5-30 minutes (mean: 
14 minutes) following the milk. Gastric evacuation of activity in 
these subjects was monoexponential (r = 0.993, Ty = 24.1 min- 
utes). Reflux occurred more y than normal in patients 
with truncal vagotomy and drainage (22/28 patients) and partial 
gastrectomy (20/21 patients). All of 16 patients with Billroth I 
anastomoses exhibited reflux, which was excessive compared 
with refluxing normal subjects (mean: 25%; p < 0.01) and oc- 
curred later into the study (mean: 34 minutes; p < 0.01). Ten of 
11 asymptomatic patients showed reflux of similar amounts of 
activity (mean: 21%) compared with 16 patients who complained 
of bile vomiting (mean: 22%). However, asymptomatic patients 
exhibited gastric evacuation of refluxate at a rate similar to that 
of refluxing normal subjects, while bile vomiters showed signif- 
icant gastric retention of refluxate at 25-30 minutes following 
peak gastric activity (p < 0.05). This result confirms that post- 
operative bile vomiting is essentially a problem of gastric 
emptying. 


ILE VOMITING following upper gastrointestinal tract 
surgery necessarily involves the occurrence of en- 
terogastric reflux. The syndrome is common, re- 

ported to occur in 9-14% of all patients undergoing all 
types of operation for peptic ulcer disease.! Vomiting may 
occur at any time but most typically occurs shortly after 
starting a meal. It has been suggested that, in patients 
susceptible to bile vomiting, accumulation of bile within 
the stomach or gastric remnant interferes with gastric 
emptying.” It is not clear whether such patients differ from 
asymptomatic patients with respect to the amount of in- 
tragastric bile accumulation or only with respect to im- 
paired gastric evacuation of refluxate. 


Reprint requests: Prof. A. Cuschieri, Department of Surgery, Ninewells 


#~ Hospital and Medical School, Dundee, DD1 9SY Scotland. 


Submitted for publication: April 1, 1986. 
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GEOFFREY HULKS, M.B., CH.B. 
ALFRED CUSCHIERI, M.D., F.R.C.S.(ED), F.R.C.S.(ENG) 


From the Department of Surgery, Ninewells Hospital and 
Medical School, Dundee, Scotland 


Differing opinions have been expressed about the 
pathogenetic significance of enterogastric reflux following 
peptic ulcer surgery.** It is not at all clear whether reflux 
alone may cause symptoms of whether reflux is a cofactor 
or merely an effect of an underlying cause of symptoms. 

Enterogastric reflux may be observed in normal, healthy 
subjects. It occurs most consistently shortly after the ad- 
ministration of a test meal.° “Normal” reflux may differ 
from “abnormal” reflux in frequency, amounts, and du- 
ration. 

In the present study, enterogastric reflux and subsequent 
gastric evacuation of refluxate have been assessed in nor- 
mal subjects and in patients with and without symptoms 
following peptic ulcer surgery, using a noninvasive scin- 
tigraphic technique.® ) 


Subjects and Methods 


Normal Subjects 


Forty-five control studies were carried out on 35 nor- 
mal, healthy volunteers. These were 16 men (mean age: 
38 years, range: 23-66 years) and 19 women (mean age: 


. 42 years, range: 21-74 years). Ten subjects were studied 


twice. No control subject gave a present or recent past 
history of gastrointestinal symptoms, and all enjoyed good 
health. None had a history of abdominal surgery. None 
was on any drug treatment. Informed consent was ob- 
tained from all control subjects and patients, and the study 
was approved by the Regional Hospitals Ethical Com- 
mittee and the Department of Health and Social Security. 


Patients 


Studies were carried out on 55 patients who had pre- 
viously undergone peptic ulcer surgery. Operations were 
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TABLE 1. Patients and Symptoms 

No, of Bile Vasomotor Abdominal Other Recurrent 
Operation Patients Symptom-free Vomiting Dumping Diarrhea Pain* Symptomst Ulcer 
TV +P 8 — 2 l 4 6 6 i 
BI~PG ` | —_ — — 4 3 1 
TV + GE 20 2 5 3 3 13 IZ I 
BII-PG 16 5 9 I — 4 4 l 
PGV 4 4 me a a 2 3 s 
TV 7 2 ne —- _ — — — 
Tota! 55 it 16 5 7 29 28 4 


nee ere enn e e a e 


* Abdominal pain with or after meals; tNausea, heartburn, flatulent 
dyspepsia, food vomiting. 

TV + P = truncal vagtotomy with pyloroplasty, BI-PG = partial gas- 
trectomy with Billroth I gastroduodenostomy; TV + GE = truncal va- 


truncal vagotomy with pyloroplasty (TV + P), partial gas- 
trectomy with Billroth I gastroduodenostomy (BI-PG), 
truncal vagotomy with gastroenterostomy (TV + GE), 
partial gastrectomy with Billroth II gastrojejunostomy 
(BH-PG), proximal gastric vagotomy (PGV), and truncal 
vagotomy without drainage (TV). There were 40 men 
(mean age: 51 years, range: 19-75 years) and 15 women 
(mean age: 52 years, range: 25-70 years). Eleven patients 
were free of symptoms at the time of study, which was at 
least 2 months after operation. The remaining 44 patients 
had a variety of postvagotomy/postgastrectomy symp- 
toms, which were fully appraised by conventional inves- 
tigations, including barium radiology and endoscopy as 
well as more specific investigations such as acid output 
studies and dumping provocation tests, when appropriate. 
Clinical details are summarized in Table 1. 


Methods 


All subjects fasted and refrained from smoking for 4 
hours prior to receiving the test injection. The radio- 
pharmaceutical agent ??Tc™ = EHIDA (Radiochemical 
Centre, Amersham, United Kingdom) was given as a sin- 
gle intravenous injection of 2 millicuries (74 MBq). Sub- 
jects then waited for 30 minutes to allow hepatic uptake 
and secretion and gallbladder accumulation of the agent 
to develop. Imaging was carried out using an IGE 535 
Gamma Camera (International General Electric Com- 
pany) fitted with a standard low energy collimator. This 
was linked to a Nodecrest Nuclear Medicine Data Ac- 
quisition and Analysis System. 

Thirty minutes after the injection, subjects were posi- 
tioned standing, facing the gamma camera, and a control 
view of the abdominal field was obtained over | minute. 
Subjects then drank 300 ml fresh milk at room temper- 
ature, taking 2-4 minutes to finish the drink. At 5 minutes 
following the start of the control view, the abdominal field 
was again imaged for | minute. Thereafter, serial i-minute 
views were obtained at 5-minute intervals until 1 hour 


gotomy with gastroenterostomy;, BH-PG = partial gastrectomy with 
Billroth H gastrojejunostomy,; PGV = proximal gastric vagotomy; 
TV = truncal vagotomy without drainage. 


after the initial control view. Subjects sat in a chair be- 
tween views. 


Analysis 


During the course of the study, a cumulative display 
of abdominal field activity was observed. In studies during 
which anatomically well-defined gastric activity devel- 
oped, the area of gastric activity was mapped at the time 
of its clearest definition. The complete series of |-minute 
images was then reviewed, and activity within the super- 
imposed gastric map was counted for each viewing. Gas- 
tric area activity, expressed as a percentage of the total 
abdominal field activity counted during the initial control 
view, was plotted to give a time-versus-activity curve 
characterizing the rate, pattern, and magnitude of reflux 
and subsequent clearance of refluxed activity from the 
stomach. Corrections were applied for isotope decay. 

For each study, the presence or absence of identifiable 
reflux was noted. The proportions of refluxers noted 
among clinical groups were compared using Fisher's exact 
test (two tailed). Among refluxing subjects, the percentage 
peak of refluxed activity and the time elapsed from inges- 
tion of the milk to peak activity were recorded. Groups 
of these values were compared using Wilcoxon’s two 
sample rank test (two tailed). Gastric evacuation of re- 
fluxed activity was examined by normalizing postpeak 
values of gastric activity to peak values, taking peak ac- 
tivity as 100% at time zero. Semilog plots of values were 
derived and between group points of difference tested us- 
ing Wilcoxon’s two sample rank test to individual nor- 
malized values. 


Results 


Normal Subjects 


Reflux of activity into the stomach was identified in 
studies on seven of the 35 normal subjects (20%: 5 men, 
2 women). Five refluxers and five nonrefluxers were re- | 
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Fic. 1. Reffuxing normal subjects (9 studies): intragastric activity ex- 
pressed as per cent of initial total field activity (mean + 2 SEM) plotted 
against time. 


studied. Two of the five refluxers and none of the non- 
refluxers showed reflux on retesting. Figure 1 shows mean 
gastric activity (+2 SEM) plotted against time for the nine 
positive studies. 

The mean of individual peak values for gastric activity 
was 9.2% (range: 4—18%), occurring at a mean time of 15 
minutes (range: 5-30 minutes) following the milk drink. 
The amount and pattern of gastric activity in studies 
judged to be positive was quite distinct from the small 
amount of background activity counted in a comparable 
left upper quadrant area of the abdominal field in negative 
studies. 

For the nine positive studies on normal subjects, the 
rate and pattern of gastric evacuation of refluxed activity 
are shown in Figure 2. Linear regression analysis, com- 
puting the natural logarithms of normalized values, con- 
firmed that the clearance curve was well described by a 
single exponential (r = 0.993) having a T'/ value of 24.1 
minutes. 


Patients 


The results of studies on patients are shown in Figure 
3 and Table 2. 

Patients with BI-PG exhibited reflux significantly more 
frequently than did normal subjects (p = 0.03), but pa- 
tients with TV + P did not. Neither group differed sig- 
nificantly from refluxing normal subjects in terms of the 
amount of refluxed activity observed or the time to peak 
gastric activity among refluxers. However, the numbers 
of patients in these two groups were small. 

When considered as two separate groups, patients with 
TV + GE and those with BI-PG exhibited reflux signif- 
icantly more frequently than did normal subjects (Table 
2). Indeed, all patients with BII-PG exhibited reflux. Val- 
ues for peak gastric activity in these groups were higher 
_. than those for refluxing normal subjects, significantly so 
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Fic. 2. Refluxing normal subjects (9 studies): gastric clearance of refluxed 
activity. Intragastric activity normalized to peak values and plotted on 
a logarithmic scale (mean values + 95% confidence limits) against time 
following peak gastric activity. Linear regression analysis computing nat- 
ural logarithms of normalized values: r = 0.993, T% = 24.1 minutes. 


for patients with BII-PG (p < 0.01) or when considered 
together (p < 0.05). The time elapsed to peak gastric ac- 
tivity was significantly prolonged (p < 0.01) for patients 
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FIG. 3. Presence and amount of reflux among patients studied. Open 
circles denote asymptomatic patients. TV + P = truncal vagotomy with 
pyloroplasty; BI-PG = partial gastrectomy with Billroth I gastroduo- 
denostomy; TV + GE = truncal vagotomy with gastroenterostomy; BII- 
PG = partial gastrectomy with Billroth II gastrojejunostomy; PGV 
= proximal gastric vagotomy; TV = truncal vagotomy without drainage. 
“Reflux not quantified for two refluxing patients. 
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TABLE 2. Results of Studies 


TH AARNE htt etre ALR RRA SRLAA Ea a ALLAAH RY lteter tetera rr 


No. of 
Group (N) Refluxers (%) 
Normal subjects (35) 7 (20%) 
TV + P (8) 5 (62%) 
NS 
BI-PG (5) 4 (80%) 
p= 0.03 
TV + GE (20) 17 (85%) 
p=6.4x he 
16 (100%) 
BH-PG (16) p=68x io 
PGV (4) | (25%) 
TV (2) 2 





TV +P = truncal vagotomy with pyloroplasty, BI-PG = partial ga- 
trectomy with Billroth I gastroduodenostomy; TV + GE = truncal va- 
gotomy with gastroenterostomy, BH-PG = partial gastrectomy with 


with BH-PG irrespective of the presence (mean time 
elapsed: 34 minutes) or absence (mean time elapsed: 33 
minutes) of symptoms. Symptomatic patients with TV 
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FIG. 4. Presence and amounts of reflux among patients studied. *Reflux 
not quantified for two refluxing patients. 
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Time to Peak 
Gastric Activity: 
Mean (Range) 
14 min (5-30 min) 
29 min (10-45 min) 


Peak Gastric Activity: 
Mean (Range) 
10% (38-18%) 

10% (2-21%} 


NS NS 
12% (7-18%) 15 min (5-30 min) 
NS NS 
18% (3-32%) 21 min (0-50 min) 
NS NS 
25% (4~70%) 34 min (5-55 min) 
p<0.01 p< 0.01 
2% 30 min 
7%, 11% 5 min, 30 min 


arama armer meh areenpnransarn | araar 








Billroth H gastrojejunostomy; PGV = proximal gastric vagotomy; 
TV = truncal vagotomy without drainage. 


+ GE showed a similar tendency, but the difference was 
not statistically significant. 

Differences were sought between patients with symp- 
toms and those without symptoms and also between those 
patients complaining of bile vomiting and patients with 
other or no symptoms. All patients with bile vomiting 
showed reflux, while 10/26 patients with other symptoms 
did not (p = 0.007). However, only one of 1 1 asymptom- 
atic patients failed to show reflux. There were no signifi- 
cant differences between these groups in terms of the 
amount of refluxed activity (Fig. 4) or the time elapsed 
to peak gastric activity. Indeed, asymptomatic patients 
with TV + GE or BH-PG exhibited somewhat higher 
peak gastric activity (mean value: 29%) than those with 
symptoms (mean value: 20%). Among patients com- 
plaining of bile vomiting, however, there was a tendency 
toward failure of gastric evacuation of refluxed activity 
during the second half of the study hour. In this respect, 
patients with TV + GE or BH~PG who were complaining 
of bile vomiting differed significantly from those who were 
symptom-free, the latter group exhibiting gastric evacu- 
ation of refluxed activity at a rate similar to that observed 
in refluxing normal subjects (Fig. 5). Refluxing patients 
with symptoms other than bile-vomiting showed variable 
gastric evacuation of refluxate with mean values inter- 
mediate between and not significantly different from those 
for bile vomiters and those for asymptomatic patients. 


Discussion 


The test we have used to assess enterogastric reflux has 
been described in detail elsewhere.° Compared with al- 
ternative techniques, the test is simple and carries a high 
degree of patient acceptability. The identification of en- 
terogastric reflux of °°Tc™-EHIDA activity is based on 


visual recognition of its occurrence from scintigraphic 
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images. We have not judged studies to be positive when 
there was doubt and believe that any false-negative results 
are unlikely to have been associated with more than a 
minor degree of reflux. We attribute the clear definition 
of reflux in positive studies to the proximal migration of 
refluxate within the stomach, which tends to occur when 
patients are sitting or standing. The test examines the 
response to a milk drink in the upright subject, and we 
have not, of course, addressed the possibility of patho- 
physiologically significant reflux occurring under different 
conditions. 

The quantitation of reflux using biliary excretion scin- 
tigraphy is subject to errors from various sources. How- 
ever, the potential magnitude of these errors seems hardly 
sufficient to cast doubt on the findings from these studies. 
We have based our expression of reflux on the hepato- 
biliary sequestration of activity at a fixed time following 
injection. We believe this to be a valid index of the agent’s 
activity as a biliary marker, each patient thus providing 
his own reference value. This method is simpler than oth- 
ers described.” The percentage values for reflux obtained 
by different methods are not strictly comparable, although 
in practice the differences are unlikely to be great. 

Our studies on normal subjects showed that 20% of 
individuals exhibited reflux. Repeat studies suggested that 
reflux occurred in reflux-prone individuals, but the num- 
bers involved were too small to draw a firm conclusion. 
The amount of reflux and time to peak mtragastric activity 
for refluxing normal subjects were very similar to those 
reported by Tolin and colleagues.’ Our studies on refluxing 
normal subjects have shown that, after peak intragastric 
activity has been achieved, refluxed activity is emptied 
from the stomach in an orderly manner. The rate of gastric 
emptying of refluxate in these studies is similar to the 
normal gastric emptying rate of milk reported by Mc- 
Arthur et al.? 

The results of our studies on patients confirm that en- 
terogastric reflux occurs more commonly than normal 
following operations that disrupt or bypass the normal 
gastric outlet, although this finding just failed to reach 
statistical significance for patients with TV + P. 

The results obtained from the small group of patients 
studied following PGV are in keeping with the suggestion!” 
that this procedure is not associated with any increase in 
the frequency or amount of reflux. However, reflux was 
seen in both of the asymptomatic patients with truncal 
vagotomy alone. Although no statistical significance can 
be attached to this observation, it may indicate that ab- 
sence or limitation of reflux depends, at least in part, on 
normal antral motility. 

The amount of refluxed activity seen in patients with 
TV + P or BI~PG was similar to that observed in refluxing 
normal subjects. Values for peak gastric activity were 
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Fic. 5. Gastric clearance of refluxed activity. Intragastric activity, nor- 
malized to peak values and plotted on a logarithmic scale against time 
following peak gastric activity. @ Mean of values for patients with BII- 
PG (N = 9) or TV + GE (N = 5) complaining of bile vomiting. 4 Mean 
of values for asymptomatic patients with BU-PG (N = 5) or TV + GE 
(N = 2). ----- Indicates result for refluxing normal subjects (see Fig. 2). 
*p < 0.05 comparing bile vomiters with either asymptomatic patients 
or refluxing normal subjects. (BH~-PG = partial gastrectomy with Billroth 
II gastrojejunostomy; TV + GE = truncal vagotomy with gastroenter- 
ostomy.) 


higher in patients with TV + GE and highest in those 
with BU-PG. These results are broadly in agreement with 
previous reports.'°"? For patients with BII-PG, the time 
elapsed to peak gastric activity was significantly longer 
than that for refluxing normal subjects. This is a very 
similar finding to that reported by Tolin and colleagues,’ 
who noted the same pattern in symptomatic and asymp- 
tomatic patients, a finding confirmed by the present stud- 
ies. In disagreement with these? and other workers,'*!° 
however, we found that the amount- of reflux observed 
was related only to the type of previous operation, being 
independent of the presence, nature, and severity of post- 
operative symptoms. 

Most interestingly, however, we have noted that patients 
complaining of bile vomiting showed impaired gastric 
evacuation of refluxed activity, compared with asymp- 
tomatic patients with comparable previous surgery and a 
similar or greater amount of reflux. This finding gives 
support to the hypothesis* that postoperative bile vomiting 
is essentially a problem of gastric emptying but at the 
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same time indicates that this is not simply an effect of 


intragastric accumulation of bile. 
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tobramycin+clindamycin 

e B.I.D. dosing for all but life-threatening infections 


Outstanding mixed aerobic/anaerobic coverage 


Cefizox v 


ceftizoxime SOdium 





*In vitro activity does not necessarily imply in vivo effectiveness. 

* Includes cost of drug and drug administration on a daily basis. Based on manufacturers’ lowest recommended dose for severe infection. 

1. Aldridge, K.E., et al.: Comparison of the activities of penicillin G and new p-lactam antibiotics against clinical isolates of Bacteroides species, Antimicrob. Agents 
Chemother. 26: 410-413, 1984. 2. Fu, K.P, and Neu, H.C.: Antibacterial activity of ceftizoxime, a $-lactamase-stable cephalosporin, Antimicrob. Agents Chemother, 17: 
983-590, 1980. 3. Chow, A\W_and Finegold, S.M.: /n-vitro activity of ceftizoxime against anaerobic bacteria and comparison with other cephalosporins, J. Antimicrob. 
Chemother. 10 (Suppl. Cy: 45-50, 1982. 4 Solomkin, J.S., and Lentnek, A.L.: A randomized multicenter trial of ceftizoxime vs. tobramycin/clindamycin for intra-abdominal 
infection, 24th Internat. Conf. Antimicrob. Agents Chemother. (Abstract 957) 1984. 
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Cefizox 


brand of 


sterile ceftizoxime sodium, 
and ceftizoxime sodium injection 


Before prescribing, see complete prescribing information in SKAF literature or PDR. The 
following is a brief summary. 

INDICATIONS 

‘Cefizoy’ is indicated in the treatment of infections due to susceptible strains of the miero- 
organisms listed below: 

LOWER RESPIRATORY TRACT INFECTIONS caused by Streptococcus sp. including S. 
pneumoniae (formerly D. pneumoniae), but excluding enterococci: Klebsvella sp. Proteus mir- 
abilis: Escherichia coli: Haemophilus influenzae including ampicillin-resistant strains, Staphy- 
lecoccus aureus (penicillinase and nonpenicillinase producing); Serratia sp; Enterobacter sp; 
and Bacteroides sp. 

URINARY TRACT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing): Escherichia colt: Pseudomonas sp. including Ps. aeruginosa: Proteus 
mirabilis: P vulgaris; Providencia rettgeri (formerly Proteus rettgeri) and Morganella morganit 
(formerly Proteus morganii). Klebsiella sp.; Serratia sp. including S. marcescens; Enterobacter sp. 
GONORRHEA. Uncomplicated cervical and urethra! gonorrhea caused by eisseria gonorrhoeae. 
INTRA-ABDOMINAL INFECTIONS caused by Escherichia cali: Staphylococcus epidermidis: 
Streptococcus sp. (excluding enterococci); Enterobacter sp., Klebsiella sp.. Bacteroides sp. 
including Z. fragilis; and anaerobic cocci, including Peptococcus sp, and Peptostreptococcus sp. 
SEPTICEMIA caused by Streptococcus sp. including S pneumoniae (formerly D. pneumoniae). 
but excluding enterococci; Staphylococcus aureus (penicillinase and nonpenicillinase produc- 
ing): Escherichia coli: Bacteroides sp. including B. fragilis; Klebsiella sp., and Serratia sp. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staphylococcus aureus (penicillinase 
and nonpenicillinase producing); Staphylococcus epidermidis; Escherichia coli; Klebsiella 

sp.: Streptococcus sp. including Streptococcus pyogenes (group A beta-hensolytic), but excluding 
enterococci; Proteus mirabilis: Serratia sp., Enterobacter sp., Bacteroides sp. including B. 
fragilis; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 

BONE AND JOINT INFECTIONS caused by Staphylococcus aureus (pericillinase and non- 
penicillinase producing): Seeptococcus sp. (excluding enterococci), Proteus mirabilis; Bacteroides 
sp.: and anaerobic cocci, including Pentococcus sp. and Peptostreptococeus sp. 

MENINGITIS caused by Haemophilus influenzae. Cefizox’ has also been used successfully 

in the treatment of a limited number of pediatric and adult cases of meningitis caused by Strep- 
fococcus pneumoniae. 

‘Cefizox’ has been effective in the treatment of seriously ill, compromised patients, including 
those who were debilitated, immunosuppressed or neutropenic. 

Many infections caused by aerobic gram-negative organisms and by mixtures of organisms 
resistant to other cephalosporins, aminoglycosides. or penicillins respond to treatment with 
Cefizox 

Because of the serious nature of some urinary tract infections due to Ps. aeruginosa and 
because many strains of Pseudomonas species are only moderately susceptible to ‘Cefizox’, higher 
dosage is recommended. Other therapy should be instituted if the response is not prompt. 
Susceptibility studies on specimens obtained prior to therapy should be used to determine the 
response of causative organisms to ‘Cefizox’, Therapy with ‘Cefizox’ may be initiated pending results 
of the studies: however, treatment should be adjusted according to study findings. In serious 
infections Cefizox’ has been used concomitantly with aminoglycosides (see Precautions}. Before 
using Cefizox’ concomitantly with other antibiotics, the prescribing information for those 
agents should be reviewed for contraindications, warnings, precautions and adverse reactions. 
Renal function should be carefully monitored. 

CONTRAINDICATIONS 

‘Cefizox’ is contraindicated in persons whe have shown hypersensitivity to cephalosporin 
antibiotics. 

WARNINGS 

BEFORE THERAPY WITH ‘CEFIZOX IS INSTITUTED, CAREFUL INQUIRY SHOULD 

BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSEN- 
SITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. 
THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PA- 
TIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HY PERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 





Pseudomembranous colitis has been reported with the use of cephalosporins (and other 
broad-spectrum antibiotics); therefore, itis important to consider its diagnosis in patients who 
developed diarrhea in association with antibiotic use. Treatment with broad-spectrum antibiotics 
alters normal flora of the colon and may permit overgrowth of Clostridia. Studies indicate a 
toxin produced by Clostridium difficile is one primary cause of antibiotic-associated colitis. 
Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. Mild cases of 
colitis may respond to drug discontinuance alone. Moderate to severe cases should be managed 
with fluid, electrolyte and protein supplementation as indicated. When the colitis is not relieved 
by drug discontinuance or when it is severe, oral vancomycin is the treatment of choice for anti- 
hiotic-associated pseudomembranous colitis produced by C. difficile. Other causes of colitis 
should also be considered, 


PRECAUTIONS 
General: As with all broad-spectrum antibiotics, ‘Cefizoy’ should be prescribed with caution in 
individuals with a history of gastrointestinal disease, particularly colitis. 


Although ‘Cefizox’ has not been shown to produce an alteration in renal function, renal status 
should be evaluated, especially in seriously ill patients receiving maximum dose therapy. As 
with any antibiotic, prolonged use may result in overgrowth of nonsusceptible organisms. Care- 
ful observation is essential: appropriate measures should be taken if superinfection occurs. 
Drug Interactions: Although the occurrence has not been reported with ‘Cefizox; nephrotox- 
icity has been reported following concomitant administration of other cephalosporins and 
aminoglycosides. 

Pregnancy: (Category B.) Reproduction studies have been performed in rats and rabbits and 
have revealed no evidence of impaired fertility or harm to the fetus due to ‘Cefizox’. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Labor and Delivery: Safety of ‘Cefizox’ use during labor and delivery has not been established. 
Nursing Mothers: ‘Cefizox’ is excreted in human milk in low concentrations. Caution should be 
exercised when ‘Cefizox’ is administered to a nursing woman. 

Infants and Children: Safety and efficacy in infants from birth to six months of age have not been 
established. In children six months of age and older, treatment with ‘Cefizox’ has been associated 
with transient elevated levels of eosinophils, SGOT, SGPT and CPK (creatine phosphokinase). 
The CPK elevation may be related to LM. administration. 


ADVERSE REACTIONS 

Ceftizoxime is generally well tolerated; the most frequent adverse reactions (greater than 1%, but 
less than 5%) are: Hypersensitivity—Rash. pruritus, fever. Hepatic—Transient elevation in SGOT. 
SGPT and alkaline phosphatase, Hematologic~Transient eosinophilia, thrombocytosis. 

Some individuals have developed a positive Coombs test. Loca/—Injection site—Buming, 
cellulitis, phlebitis with LV. administration, pain, induration, tenderness, paresthesia. 

Less frequent adverse reactions (less than 1%) are: Hypersensitivity~Numbness has been 
reported rarely, Hepatic~Elevation of bilirubin has been reported rarely. Renal- Transient eleva- 
tions of BUN and creatinine have been occasionally observed with ceftizoxime. Hematologic~ 
Anemia, leukopenia, neutropenia and thrombocytopenia have been reported rarely. 
Genitourinary—Vaginitis has rarely occurred. Gastrointestinal—Diarrhea; nausea and vomiting 
have been reported occasionally. Symptoms of pseudomembranous colitis can appear during 
or after antibiotic treatment. (See Warnings.) 

HOW SUPPLIED 

Cefizox (sterile ceftizoxime sodium, FSK) is supplied in vials equivalent to 1 gram or 2 grams of 
ceftizoxime; in “Piggyback” Vials for LV. admixture equivalent to 1 gram or 2 grams of ceftizoxime. 
Cefizox (ceftizoxime sodium injection, FSK) as a frozen, sterile, nonpyrogenic solution in 
plastic containers—~supplied in 50 ml. single-dose containers equivalent to 1 gram or 2 grams of 
ceftizoxime, in 5% Dextrose (D5W). Do not store above -20°C. 

‘Cefizox’ supplied as a frozen, sterile, nonpyrogenic solution in plastic containers is manufactured 
for Fujisawa SmithKline Corporation by Travenol Laboratories, Inc., Deerfield, IL 60015. 
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Percutaneous Endoscopic Gastrostomy 


Procedure of Choice 





ROBERT E. MILLER, M.D. BART A. KUMMER, M.D. 


HOWARD |. TISZENKEL, M.D. 


Operative gastrostomy (OG) for gastrointestinal decompression 
or feeding has stood the test of time. Nevertheless, this procedure 
is often associated with significant morbidity and occasional 
mortality. Furthermore, although it is often performed under 
local anesthesia, general anesthesia is frequently necessary. A 

endoscopic gastrostomy 
(PEG). The purpose of this study is to describe our experience 
with 100 consecutive PEGs in 98 patients. There were no com- 
plications, and no patient died as a result of PEG. Furthermore, 
PEG never required general anesthesia and was rapid and less 
costly than OG. Since PEG is so simple to perform, it may be 
employed earlier in the patient’s course, thus avoiding nasogastric 
feedings or parenteral alimentation. PEG is the procedure of 
choice should gastrostomy be needed. 


PERATIVE GASTROSTOMY (OG) for gastrointes- 
tinal decompression or feeding is a time proven 
procedure. Described in 1837 by Egeberg and 

perfected by Sedillot, Verneuil, Stamm, and Witzel,' OG, 
though effective, is often associated with significant mor- 
bidity and occasionally with mortality. In an attempt to 
simplify the procedure, in 1980, Gauderer et al.? devel- 
oped a percutaneous endoscopic gastrostomy technique 
(PEG) that did not require a celiotomy. In this innovative 
technique, which involves two passages of the gastroscope, 
a specially prepared mushroom catheter is pulled through 
the mouth and seated in the stomach. In 1984, Russell? 
et al. introduced an even simpler PEG method. A single 
gastroscopy is performed, and a Foley catheter is inserted 
percutaneously directly into the stomach via a peel-away 
sheath introduced over a previously placed wire guide. 

In 1985,* we reviewed our own results with OG and 
noted a major complication rate of 7%. Included were 
wound infection, hematoma, and dehiscence, prolonged 
paralytic ileus, myocardial infarction, cardiac arrhythmia, 
and inability to extubate. As a result of this experience, 
PEG appeared to be an attractive alternative. 


Reprint requests: Robert E. Miller, M.D., St. Luke’s~Roosevelt Hos- 


pital Center, Amsterdam Avenue at 114th Street, New York, NY 10025. 
Submitted for publication: April 3, 1986. 
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DONALD P. KOTLER, M.D. 


From the Surgical Service and the Department of Medicine, 
Division of Gastroenterology, St. Luke's—Roosevett 
Hospital Center, New York, New York 


Materials and Methods 

From November 1, 1984 to January 31, 1986, 98 pa- 
tients, 53 men and 45 women, have undergone PEG using 
the Russell method at St. Luke’s—Roosevelt Hospital 
Center. In two patients, PEG was repeated after tube dis- 
placement at 3 and 4 weeks, respectively. Thus, our ex- 
perience with 100 consecutive PEGs forms the basis of 
this report. 

The vast majority of the patients had neurological con- 
ditions that precluded swallowing. Other indications for 
PEG included severe debilitation from systemic disease, 
partial mechanical obstruction of pharynx or esophagus, 
intolerance to nasogastric feeding, recurrent intravenous 
line sepsis, and aspiration pneumonia. 

PEG is absolutely contraindicated in complete pharyn- 
geal or esophageal obstruction, uncorrectable coagulo- 
pathy, or inability to perform endoscopy. Relative con- 
traindications include massive ascites, severe gastro- 
esophageal reflux, portal hypertension with esophageal 
varices, gastric cancer, or ulcer and gastroenteric fistulae. 
Obesity and prior abdominal surgery are not contrain- 
dications. 

Eighteen patients had undergone previous upper ab- 
dominal operations. This included partial or subtotal co- 
lectomy (7 patients), cholecystectomy (6 patients), ex- 
ploratory celiotomy (3 patients), aortic aneurysmectomy 
(1 patient), and repair of perforated gastric ulcer (1 pa- 
tient). PEG was performed in the Endoscopy Unit in all 
but five instances when it was done at the bedside. 

The stepwise technique is thoroughly described by 
Russell? (Figs. 1 and 2). Briefly, the patient does not eat 
or drink for at least 8 hours prior to the procedure. A 
broad spectrum antibiotic, usually a systemic cephalo- 
sporin, is given 1 hour before operation. Using intravenous 
meperidine and diazepam for sedation, a complete eso- 
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Fics. 1A-D. Endoscopically controlled gastrostomy. 4. Gastric distention 
with needle directed at light source. B. Guide wire passed through the 
needle into the stomach followed by needle removal. C. Small incision 
is made along the guide wire to the peritoneum. D. Dilator and sheath 
over the guide wire are advanced as a unit into stomach (gastric distention, 
rotary motion, and counter pressure aid this maneuver). By permission 
of American Journal of Surgery. 


phagogastroduodenoscopy is performed with aspiration 
of the fundic pool of fluid. 

The patient is turned to the supine position, and the 
endoscope is positioned so that transilluminated light is 
visible in the left upper quadrant of the abdomen. This 
usually corresponds to the anterior gastric wall near the 
greater curvature at the angulus. The surgeon palpates 
this spot repeatedly while the endoscopist must see a clear 
indentation of the gastric wall. This spot is usually located 
about 3-5 cm below the left costal margin and an equal 
distance to the left of the midline, but it may vary. The 
endoscopist must keep the stomach inflated with air dur- 
ing the procedure. 





Fics. 2A~D. Endoscopically controlled gastrostomy. 4. Wire and dilator 
removed with sheath observed remaining in stomach. B. Lubricated Foley 
catheter advanced through the sheath. C. Foley balloon inflated (leak- 
proof) and sheath peeled away. D. Catheter is sutured to the skin under 
slight tension to oppose the stomach and anterior abdominal wall. By 
permission of American Journal of Surgery. 
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The surgeon anesthetizes the skin of the abdomen at 
the chosen site with 1% lidocaine. A 7 cm 18-gauge needle 
is inserted percutaneously perpendicularly into the stom- 
ach. A J-wire guide is threaded into the stomach via the 
needle. The needle is removed, and an incision is made 
along the wire in the skin and fascia. The width of the 
incision must accommodate the dilator and sheath 
(Cook®-Russell Gastrostomy Tray) (Cook, Inc., Bloom- 
ington, IN). 

The inner dilator and outer sheath are threaded as a 
unit over the wire guide and, with a rotary clockwise- 
counterclockwise motion, thrust into the stomach. The 
dilator is removed and a #14 Foley catheter is inserted 
via the 16F peel-away sheath into the stomach. The fit of 
the Foley catheter through the sheath should be tested 
prior to the procedure. The Foley balloon is inflated with 
5 ml of saline and positioned closely against the gastric 
wall. The sheath is peeled away and the Foley catheter 
sutured to the skin. The gastrostomy tube is placed on 
dependent drainage overnight, after which appropriate 
feedings are begun. 

The keys to successful PEGs are a fully inflated stom- 
ach, clear visualization endoscopically of finger indenta- 
tion of the gastric wall and not referred motion, perpen- 
dicular placement of the needle, wire guide, dilator, and 
sheath, and fairly snug traction on the Foley catheter to 
appose the stomach to the abdominal wall. Meticulous 
attention to detail and close cooperation between the en- 
doscopist and surgeon are essential. A video monitor at- 
tached to the endoscope facilitates the procedure. 


Results 

Ninety-eight patients underwent PEG. The average age 
was 75, with a range of 18-93 years. The operating time, 
including the endoscopy, averaged 16.5 minutes, with a 
range of 10-45 minutes. The operative component av- 
eraged 5 minutes. PEG was unsuccessful in three addi- 
tional patients. In two, the stomach could not be entered 
because of esophageal obstruction, while, in another pa- 
tient, prior partial gastrectomy precluded safe insertion 
of the tube. OG was performed in these three patients. In 
no instance did lack of patient cooperation prevent suc- 
cessful PEG. 

There were no complications of either the endoscopy 
or the gastrostomy tube placement. No patient died as a 
result of PEG. 


Discussion 

It is generally accepted that enteral nutrition is better 
than parenteral, with a normally functioning gastrointes- 
tinal tract. Torosian' and Rombeau point out that the 
advantages include lower cost, increased safety, better pa- 
tient tolerance, and maintenance of gastrointestinal 
structural integrity. Recent advances in nasogastric feeding 
tube design have permitted patients unable to consume 
a sufficient quantity of oral feedings to be fed more com- 
fortably by this route. However, long-term enteral tube 
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feeding is better accomplished with gastrostomy, since 
nasogastric feeding tubes have a higher incidence of fail- 
ure, inadvertent removal, and pulmonary aspiration. 

For gastrostomy to be an acceptable alternative for en- 
teral feeding, it must be both effective and safe. Candidates 
for gastrostomy tube usually are chronically ill, mal- 
nourished, and elderly, and tolerate complications poorly. 
In spite of substantial improvements in surgical care in 
general, recent reports describe considerable morbidity 
and occasional mortality with OG. Ruge and Vazquez’ 
reported 133 OGs with a complication rate of 13.5%. Five 
(3.1%) patients required further operative procedures to 
repair or revise the original OG. The operative mortality 
was 1.8%. Similarly, Shellito and Malt® noted a major 
complication rate of 6.6% and a minor complication rate 
of 6.6% in a series of 428 OGs. Complications included 
wound infection, hemorrhage, internal and external leaks, 
and aspiration pneumonia. The operative mortality was 
0.5%, A literature review revealed a morbidity rate ranging 
from less than 2% to 75%.° 

Most authors have found PEG to be a safe procedure. 
The complications of PEG occurred early in each reported 
series. >”! With increasing experience, PEG has become 
safer. A collected review (see Table 1) of 369 PEGs reveals 
a complication rate of 7%. We have performed 100 con- 
secutive PEGs without morbidity. Thus far, no mortality 
has been reported due to PEG. 

At the present time, the Gauderer-Ponsky!* PEG tech- 
nique seems to be used more commonly than the Russell 
procedure. Both appear to be equally effective, but we 
chose the Russell PEG because it requires a single endos- 
copy, avoids the need to pull the gastrostomy tube through 
the mouth and esophagus, and uses a Foley catheter that 
is inexpensive and easy to replace. Furthermore, with this 
technique, a sterile Foley catheter is inserted percuta- 
neously, while, in the Gauderer-Ponsky method, a mush- 
room catheter, contaminated by passage through the 
mouth and esophagus, is used. Meticulous attention to 
the details of the procedure and close cooperation between 
the endoscopist and surgeon are essential to avoid com- 
plications. 

There are many advantages to PEG, as compared to 
OG, other than reduced morbidity and mortality. Since 
PEG ts so simple to perform, it may be employed earlier 
in the patient’s course, thus avoiding nasogastric feedings 
or parenteral alimentation. PEG can be easily performed 
at the bedside or in an endoscopy unit. In so doing, the 
need to use a traditional operating room is eliminated. 
General anesthesia is not required for PEG but is necessary 
for 23%"? to 66%* of OGs. PEG can be performed quickly 
with a procedure time ranging from 11 minutes? to 27.5 
minutes.® It is important to note that PEG costs less than 


~ OG. Russell? reports a saving of $2000 per gastrostomy, 


which is almost the same as in our experience.‘ 
PEG is not useful for every situation. It is contraindi- 
cated in complete pharyngeal or esophageal obstruction, 
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TABLE |. Results of PEG 
Procedure 
Cases Time Morbidity Mortality 
Author (N) (Minutes) (N) (N) 
Russell? 28 li 3 0 
Ponsky’ 150 13 15 0 
Strodel® 22 27.5 2 0 
Larson? 23 on 2 =e 
Kozarek!? 30 = 2 0 
Thatcher'!! 16 i 3 — 
Miller et al. 190 16.5 0 0 
Total 359 27 (7.3%) 0 


uncorrectable coagulopathy, or inability to perform en- 
doscopy. We were unsuccessful in performing PEG in 
three patients. In two, endoscopy could not be performed 
because of esophageal obstruction, while in another pa- 
tient prior gastrectomy with gastroduodenostomy pre- 
cluded safe insertion of the tube. OG was performed in 
these three patients. We have performed PEG in one pa- 
tient following dilatation of a recurrent benign esophageal 
stricture. In no instance did lack of patient cooperation 
prevent successful PEG. PEG was easily performed in two 
malnourished, morbidly obese patients and in 18 patients 
who had undergone a variety of prior upper abdominal 
operations. 

In our experience, PEG is safer, faster, and much less 
expensive than operative gastrostomy. When possible, 
PEG should be the procedure of choice whenever gas- 
trostomy is indicated. 
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Gastric Cancer Survival in Sweden 


Lack of Improvement in 19 Years 
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A total of 34,549 patients constituting 87.0% of all patients with 
gastric cancer diagnosed in Sweden in 1960-1978 and reported 
to the National Cancer Registry were included in a complete 
follow-up over a period of 1-20 years. The poor outcome in this 
disease was again established in this unselected material. Thus, 
the 5-year relative survival rate (with 95% confidence limits) 
was 12.7% (12.1-13.2%) among the men and 14.1% (13.4--14.9%) 
among the women, without any long-term difference between the 
sexes. The annual hazard rates in male and female patients were 
still 11.0% (8.3~13.7%) and 9.0% (7.1-10.9%), respectively, after 
5 years and did not approach zero until 10 years after the di- 
agnosis. Men older than 75 showed a slightly higher mortality 
during the first year, but there were seemingly no relationships 
of tumor-biological or clinical significance between age at di- 
agnosis and long-term relative survival. The overall prognosis 
remained unchanged during the 19 years of the study, whereas 
the incidence was reduced by about 40% in the whole Swedish 
population. 


HE INCIDENCE and mortality rates for gastric can- 

cer are declining throughout the world.’ In 

Sweden the age-standardized incidence rates de- 

creased by 44 and 41%, among men and women, respec- 

tively, between 1960 and 1980.° The reductions have been 

more pronounced in the United States and other Western 

countries than in high-incidence areas such as Japan.’ 

The cause of these temporal trends is unknown, but data 

available today are highly suggestive of decreased exposure 

to environmental factors** that are responsible, for ex- 

ample, for the content of nitroso compounds in the 
stomach.” 

Gastric cancers have been divided into two main his- 
tological categories—an intestinal and a diffuse one.® 
These two types differ not only morphologically but also 
in their clinical and epidemiological characteristics. The 
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intestinal type is more frequent among men and at older 
ages and is the predominant type in areas with a high risk 
of gastric cancer. The incidence of the diffuse type does 
not show any significant sex difference, but this type is 
more frequent at younger ages and has a higher relative 
frequency in the low-risk areas for gastric cancer.®” When 
the occurrence of gastric cancer has decreased in a pop- 
ulation, the intestinal type has accounted for most of the 
reduction.’ The prognosis is more favorable in the in- 
testinal than in the diffuse type.'° 

The poor outcome among patients with gastric cancer 
is well established both from large population-based 
registers''~'* and from hospital materials,!*'© which have 
generally shown 5-year relative survival rates in the order 
of 5-20%. An analysis of the long-term survival in gastric 
cancer in a large and unselected material was nevertheless 
considered of value for several reasons. The question is 
still unsettled, for example, whether the prognosis is sig- 
nificantly related to sex or to age at diagnosis.!!~'+!° 
Moreover, after more than 5 years of follow-up of unse- 
lected materials, the hazard rate is still largely unknown, 
owing primarily to the large number of patients required 
for its establishment. Our primary aim, however, was to 
determine whether the pronounced decrease in the inci- 
dence of gastric cancer and the establishment of endoscopy 
as a routine diagnostic procedure with high sensitivity has 
been accompanied by any change in short- and long-term 
survival among gastric cancer patients. 

If the downward temporal trend in incidence affects 
primarily the intestinal type of gastric cancer,®” and if, as 
suggested, such tumors have on the average less aggressive 
biological behavior,'° then this should imply a lower rel- 
ative survival. 
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TABLE 1. Number of Cases of Gastric Cancer Diagnosed in Sweden 
in 1960-1978 with Reasons for Exclusion from the Survival Analyses 


Men Women Total 
N o N % N % 
Diagnosed at 
autopsy 2697 11.0 1825 12.0 4522 11.4 
No follow-up 373 1.5 261 1.7 634 1.6 
Included 21,446 87.5 13,103 86.3 34,549 87.0 
All diagnosed 24,516 100 15,189 100 39,705 100 
Patients and Methods 


The National Swedish Cancer Registry was started in 
1958. All physicians in hospitals and other establishments 
for medical treatment under public administration in 
Sweden have to report all cases of diagnosed cancer to 
this Registry. Furthermore, pathologists or cytologists 
separately have to report every cancer diagnosis made on 
surgically removed tissues, biopsies, cytological specimens, 
and autopsies to the Registry. In the majority of cases— 
95%—-the National Cancer Registry receives notifi- 
cations from both these sources. The nonresponse rate of 
reports to the Cancer Registry has been estimated to be 
about 4.7%.'7"!8 

The cancer file is annually linked with the Causes of 
Death Registry, and the dates of death and causes of death 
are transferred. In addition, in the present study a last 
date of contact was obtained by linking the registry data 
with an updated registry of living persons covering the 
total Swedish population. Patients who were not identified 
either in the Death Registry or in the register of all living 
persons were most probably included in the Cancer Reg- 
istry with an erroneous national registration number and 
thus lost to follow-up through computerized linkages. For 
all cases, the closing date of this follow-up is December 
31, 1979. 

During 1960 through 1978, a total of 39,705 patients 
were reported to the Cancer Registry because of cancer 
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TABLE 2. Distribution of All Patients Included by Age and Sex 





Men Women Total 
Age at Diagnosis Orr 
(Years) N % N To N % 
<35 106 0.5 105 0.8 211 0.6 
35-44 439 pa 344 2.6 783 2.3 
45-54 1659 7.7 945 7.2 2604 7.5 
55-64 4567 21.3 2239 17.1 6806 19.7 
65-74 7594 35.4 4250 32.4 11,844 343 
75+ 7081 33.0 5220 39,9 12,301 35.6 
All ages 21,446 100.0 13,103 100.0 34,549 100.0 


of the stomach. Of these, 4,522 were diagnosed at autopsy, 
and 634 had no follow-up and were therefore excluded 
from the calculations (Table 1). The age and sex distri- 
bution of those 34,549 who were included in the survival 
analysis is shown in Table 2. 

The observec survival rates from all causes of death 
were calculated by means of the actuarial or life table 
method,!? and the gastric-cancer-specific mortality was 
obtained by caleulating the relative survival.*°?' The rel- 
ative survival rate is the ratio between the observed and 
expected survival. The expected survival rates were cal- 
culated on the basis of death rates compiled by sex and 
5-year age group, in 5-year calendar periods during 1960- 
1979 for the total Swedish population.”” 

The standard error of the observed survival (SO) was 
computed from Greenwood’s formula?” and that of the 
relative survival as SO/expected survival.” Ninety-five per 
cent confidence limits were used to indicate the uncer- 
tainty of the calculated survival rates. The hazard rates, 
as used in this study, were used as a complement to the 
annual relative survival and were thus an estimate of the 
probability of death from gastric cancer per year. 


Results 
Overall Survivai 
The number of patients alive and thus available for 
further analysis, and also the observed and the relative 


TABLE 3. Number of Male Patients Alive (N), the Observed Survival Rate (OS), the Relative Survival Rate (RS), and the 95% Confidence Interval 
(95% CL) for the Relative Survival Rate, at Defined Years after Diagnosis, Distributed by Age 


Years after Diagnosis 





1 5 
Age at Diagnosis OS RS OS RS 
(Years*) N (%) (%) 95% CL N (%) (%) 
35-44 439 40.8 40.9 (36.3-45.5) 66 15.1 18.3 
45-54 1659 40.3 40.5 (38.1-42.9) 255 151 157 
55-64 4567 37.4 38.0 (36.6-39.5) 624 139 153 
65-74 7594 29.3 30.5 (29.4-31.5) 679 88 113 
754+ 7081 222 24.9 (23.8-26.0) 392 53 102 
All ages 21,446 29.8 31.5 (30.8-32.1) 2029 94 127 


1G 15 
OS RS OS RS 
95% CL N (%) (%) 95% CL N (%) (%) 95% CL 

(11.8-18.8) 34 11.6 E18 (85-15.1) 22 10.4 10.9 (7.5-14.3} 
(13.8-17.5) 127 HLI 12.2 (104-140) 63 93 112 (9.3-13.2) 
(14.2-16.5) 282 9.8 12.5 (11.3-13.8) 124 71 11.8  (10.3~13.4) 
(10.4—12.1) 272 50 95 (84-105) 85 2.7 92 (7.5~10.9) 
(9.2-11.3) 85 17 82 (6.4-9.9) 10 04 68 {(2.3-11.3) 
(12.1-13.2) 808 56 10.9 (10.2-11.5) 309 37 109 (9.9-11.8) 


* The age group <35, consisting of 106 patients, was too small for a meaningful analysis. 
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TABLE 4. Number of Female Patients Alive (N), the Observed Survival Rate (OS), the Relative Survival Rate (RS), and the 95% Confidence Interval 
(95% CL) for the Relative Survival Rate, at Defined Years after Diagnosis, Distributed by Age 


Years after Diagnosis 


1 5 10 15 
Age at Diagnosis OS RS OS RS OS RS OS RS 
(Years*) N (%) (%) 95% CL N (%}  (%) 95% CL N Œœ (%) 95% CL N (%) (%) 95% CL 

35-44 344 392 39.3 (34.1~44.5) 42 ILE i19 (8.1-15.6) 9 94 96 (61-13.1) 12 83 86 (S.1-12.1) 
45-54 945 40.9 41.0 (37.8~44.1) 140 144 14.7 (12.2~17.2) 6l 98 103 (1-125) 30 88 97 (7.4-12.0) 
55-64 2239 35.6 36.0 (34.0-38.0) 29% 13.9 147 (13.1-16.2) 140 10.3 11.8 (10.2-13.4) 68 84 fil — (9.3-13.0) 
65-74 4250 34.2 35.1 (33.7-36.6) 519 124 146 (13.4-15.8) 233 77 117 ({(10.3-13.1) 76 49 11.6 (9.6-13.7) 
75+ $220 235.3 27.9 (26.6-29.2) 415 7.7 133 (120-146) 102 3.0 110 (90-130) 29 10 10.7  (6.4-15.0) 
All ages 13,103 31.5 341  (32.2-33.9) 1429 106 14.1 (134-149) 560 65 11.3 (10.5-12.2) 218 43 108  (9.7~11.9) 


* The age group <35, consisting of 105 patients, was too small for a meaningful analysis. 


survival rates by age at diagnosis, are given for different 
periods of observation in Tables 3 and 4 and are further 
illustrated in Figure 1. 

The overall 5-year relative survival (with 95% confi- 
dence limits) was marginally, though significantly, higher 


in the female (14.1:13.4~14.9) than in the male (12.7: 
12.1-13.2) group. This difference largely disappeared at 
10 and 15 years (Tables 3 and 4). The relative survival 
curves declined rapidly during the first few years for both 
men and women and seemingly remained level after about 
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Fic. 2. Annual hazard rates with 95% confidence intervals for men and =. 
women. Confidence intervals including zero are not indicated. 


FIG. 1. Observed and relative survival with 95% confidence intervals for 
men and women. 
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5 years of observation (Fig. 1). Analysis of the hazard rate, WOMEN Years 
however, disclosed an annual excess mortality that was % after 
~ still 11.0% (8.3-13.7%) in men and 9.0% (7.1-10.9%) in diagnosis 


~ women after 5 years (Fig. 2); the curves showing the an- 
nual hazard rate did not approach zero until 10 years 
after diagnosis, thus indicating that the patients still alive 
at that time constituted a cured fraction. 


Survival by Age 


Age at diagnosis was not strongly related to relative 
survival at any period of observation. The conformity in 
relative survival among different age groups at diagnosis 
was most obvious in female patients (Tables 3 and 4). 
Among the men, on the other hand, the relative survival 
was 16.0, 5.0, 3.7 and 4.1% higher in the youngest than 
in the oldest age group after 1, 5, 10, and 15 years, re- 
spectively (Table 3). This trend was entirely due to a lower 
hazard rate during the first year of observation in younger 
patients than in those aged 75 and above (59.1 vs. 75.1%). 
After this first year of follow-up, the annual hazard rates 
were in close agreement between different age groups 
among the men. 


Relative survival 


MEN Years 
% after 
diagnosis 





1960- 1965- 1970- 1975- 
1964 1969 1974 1978 


Period of diagnosis 


Fic. 4. Relative survival with 95% confidence intervals at defined periods 
of observation by period of diagnosis in women. 


Time Trends in Long-term Survival 


There was no evidence of any overall trend towards 
improvement or deterioration of prognosis during these 
19 years of observation, among either the men (Fig. 3) or 
the women (Fig. 4). It is worthy of note that even survival 
during the first year after diagnosis—which should have 
been affected by a significant reduction in postoperative 
mortality—remained seemingly constant (Figs. 3 and 4). 
Subgrouping by age and period of diagnosis revealed no 
heterogeneity with respect to temporal trends within the 
material; there were in fact no significant differences be- 
tween any af the consecutive subgroups (Tables 5 and 6). 


L 
Relative survival 


Discussion 


This investigation was based on unselected patients 
from the whole Swedish population with a near complete 





1960- 1965- 1970- 1975- (98.2%) follow-up and may thus provide more valid es- 
1964 1969 1974 1978 timates of gastric cancer survival than reports from in- 
Period of diagnosis dividual surgeons and hospitals in whose practice a vari- 


FIG. 3. Relative survival with 95% confidence intervals at defined periods &ble and unknown degree of patient selection may have 
m7 of observation by period of diagnosis in men. occurred. The size of the material permitted classification 
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TABLE 5. Relative Survival Rates (%) after 1, 5, and 10 Years of Follow-up among Men 
Diagnosed in Different Periods, Distributed by Age at Diagnosis 
Ages at Diagnosis (Years) 
35~44 45.54 55-64 65-74 75+ Total 

Years of ee ee ee Se ee ee ee 

Diagnosis I 5 10 | 5S 10 i 5 10 l 5 10 i 5 10 | 5 10 
1960-1964 41.5 188 14.7 40.0 15.4 118 37.5 14.0 11.7 31.3 119 10.5 241 8.9 7i 31.9 12.5 11.0 
1965-1969 44.3 116 91 43.0 166 13.1 37.3 15.0 12.0 30.0 11.2 90 24.6 10.8 8.0 31.2 12.6 10.4 
1970-1974 38.3 14.8 39.7 14.7 37.2 16.6 13.7 29.9 108 8.1 25.3 10.0 92 30.9 12.6 10.5 
1975-1978 42.0 38.5 41.2 17.1 30.7 14.3 25r 2A 32.1 13.6 





into age groups and analysis of survival with a substantial 
number of patients still at risk after long-term observation. 

Our results confirm the very poor prognosis of gastric 
cancer without any secular trend toward increased or de- 
creased survival. In previous studies, the 5-year survival 
has ranged between 5.1 and 20%, depending on the degree 
of selection of patients (cf 14). In two population-based 
investigations, the crude 5-year survival rates were 7.8'4 
and 5.2%.** There are reports both on an improved!> and 
an unchanged prognosis.*>° 

The hope for an improved prognosis in gastric cancer 
has been based on the achievement of earlier diagnosis, 
following wider use of fiberoptic gastroscopy. However, 
Adashek et al.” found an increased use of gastroscopy 
but similar survival rates in the time period 1956-1969 
compared with 1966-1975. Holdsteck and Buir’’ failed 
to show any evidence that the introduction of a general 
practitioner’s endoscopy service results either in an in- 
crease in the proportion of early gastric cancer or im- 
proved prognoses. This is contrary to reports from Japan, 
where extensive screening programs were instituted and 
led to an increase in the observed proportion of early gas- 
tric cancer from 1.3% in 1941-1945 to 36% in 1965, with 
a corresponding improvement in 10-year survival from 
10 to 26% overall.” This indicates that gastroscopy as a 
diagnostic procedure did not improve the prognosis, in 
contrast to gastroscopy as a screening procedure. 

In Sweden, gastroscopy was introduced and gained 
widespread application during the period of this study. 
The expansion was greatest during the last years, and the 
annual number of gastroscopies is still increasing.” There 


TABLE 6. Relative Survival Rates (%) after I, 5, 


are nO mass-screening programs for gastric cancer in 
Sweden, and the lack of improvement of the prognoses 
supports the above conclusion. 

The incidence of gastric cancer decreased in Sweden 
by approximately 40% between the years 1960 and 1980. 
If the intestinal type of gastric cancer has accounted for 
most of the reduction in Sweden, as in other countries,® 
and if, in addition, the prognosis is more favorable in the 
intestinal type, '™ there ought to have been a decline in 
survival rates. Regarding the relation between prognosis 
and histopathological type, however, varied results have 
been reported.'°*°3! The absence of any temporal trend 
in this study does not exclude the possibility that the pro- 
portion of cancers of the highly malignant diffuse type 
has been higher during recent years; the impact of such 
a trend on survival rates might have been balanced by 
other factors that tend to improve the prognosis. 

There have been few reports on age as a prognostic 
factor in gastric cancer, and young patients have been 
claimed by various authors to have a prognosis that is 
better than,!''!*!* equal to,™™” or poorer than” that of 
older patients. Our results do not indicate that age is a 
significant prognostic factor. The lower short-term survival 
among older men might reflect a decrease in hospital 
(postoperative) mortality rather than a divergent tumor 
biology. 

Among the patients with gastric cancer who survive for 
more than 5 years, there still is a considerable excess mor- 
tality in both sexes and in different age groups. It has been 
claimed previously that 12.5%% and 30%*° of the patients 
still alive after 5 years will die of the disease. Moertel*4 


and 10 Years of Follow-up among Women 


Diagnosed in Different Periods, Distributed by Age at Diagnosis 


Ages at Diagnosis (Years) 


35-44 45-54 55-64 65-74 754+ Total 
Years of ee R RR fe ee ee EA ee enrages 
Diagnosis I 5 10 I 5 10 I 5 10 l 5 10 l 5 10 l 3 10 
Mamaa a a e UOO U 
1960-1964 35.4 122 97 39.2 137 86 33.1 135 114 340 15.0 10.7 303 146 137 33.3 143 11.0 
1965-1969 39.1 12.3 10.0 397 13.3 110 33.7 13.2 98 33.7 134 11.9 284 140 103 32.2 135 10.9 
1970-1974 43.3 10.0 42.7 16.2 37.6 15.7 137 36.3 149 13.1 25.7 122 92 32.5 14.1 123 
1975-1978 416 68 44.7 42.1 16.9 37.8 15.2 27.5 13.0 34.7 15.0 


x re 
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reported that among 307 patients with inoperable or met- 
astatic adenocarcinoma originating in the stomach, 2% 
were alive after 5 years and 1% after 10 years. ReMine et 
al. have analyzed 957 patients still alive 10 years after 
operation for gastric cancer. The survival curve for this 
group of patients parallels that of the normal population 
adjusted to age and sex. Our investigation confirms this 
finding and shows that relative survival after 10 years 
rather than 5 years should be used as a measure of the 
cured fraction. 


Conclusions 


It is clear that survival rates, which showed no signifi- 
cant temporal improvement in this investigation, are the 
net result of several factors that influence mortality. 
Complex dynamic changes can therefore hide behind a 
seemingly stable relative survival rate. Improvement due, 
for instance, to earlier diagnoses, a higher rate of surgical 
resections during recent years,'*:!®° or a decreasing post- 
operative mortality might thus be outweighed by more 
aggressive biological behavior of the tumor. A better un- 
derstanding of the biological characteristics of gastric can- 
cer will therefore require that these possibly competing 
and cooperating factors are thoroughly separated. The real 
hope for the future will probably lie, however, in a better 
understanding of causative mechanisms, implying pros- 
pects for improvement by primary prevention rather than 
by early diagnosis, more extensive surgical procedures, or 
adjuvant chemotherapy with the regimens available at 
present. 
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In pigs, ischemic liver cell necrosis was induced by 6 hours’ 
occlusion of the hepatic artery and the portal vein 3 days after 
construction of a side-to-side portacaval shunt and division of 
the hepatic ligaments. Two thirds of the liver of an MLC-com- 
patible donor was heterotopically transplanted 13 hours (group 
I), and 3 hours (group H) after induction of liver failure. In group 
I(N = 11), three animals died of liver failure before or shortly 
after induction of anesthesia. Of the remaining pigs, two animals 
survived more than 2 weeks. In group II (N = 10), intraoperative 
hypotension was prevented by reduction of the interval between 
liver failure and transplantation and by thermodilution catheter 
monitored fluid replacement. A significant decrease in cardiac 
output and an increase of pulmonary and systemic vascular re- 
sistance were observed during auxiliary partial liver transplan- 
tation (APLT). In the immediate postoperative period, six pigs 
died of deficiencies in hemostasis that were caused by consump- 
tive coagulopathy related to severe host liver damage rather than 
fibrinolysis. Two pigs in group II survived in good condition 12 
and 42 days after APLT. In the longer surviving pigs of both 
groups, either the graft or the host liver recovered. Processes 
that might be responsible for the observed hemodynamic changes 
and coagulation disorders are discussed. These results indicate 
that APLT is technically feasible in severely ill pigs with acute 
hepatic failure. 


massive hepatocellular necrosis, orthotopic liver 

transplantation is currently not considered, with a 
few exceptions.’ Operative mortality in end-stage cirrhotic 
patients who receive an orthotopic liver transplant in the 
period of acute hepatic decompensation may be as high 
as 80%, mostly because of severe bleeding and hypoten- 
sion.” Removal of the host liver in an area of extensive 
venous collaterals accounts for most of the blood loss. 
In auxiliary heterotopic transplantation for nonmalignant 


T PATIENTS with fulminant hepatic failure caused by 
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liver disease, the basic surgery consists of three vascular 
anastomoses and restoration of a bile outflow tract after 
limited dissection; this technique may improve the dis- 
couraging results so far obtained in patients with acute 
hepatic decompensation. The beneficial effect of auxiliary 
transplantation of 60% of a donor liver on host survival 
and hepatic metabolism in experimental animals that re- 
ceived a transplant prior to induction of liver failure has 
been demonstrated previously.* 

In the present study, we investigated the perioperative 
effects of auxiliary partial liver transplantation (APLT) 
on hemodynamics and coagulation status in pigs with 
fulminant hepatic failure, induced before the transplan- 
tation procedure. 


Methods 
Pigs 


In female Yorkshire pigs (28.0 + 0.6 kg, mean + SEM), 
a side-to-side portacaval shunt, division of the hepatic 
ligaments, and cholecystectomy were carried out. External 
vessel occluders around the hepatic artery and portal vein 
in the liver hilum were applied (Fig. 1A). Three days after 
this operation, acute liver necrosis was induced by 6 hour 
occlusion of the hepatic artery and portal vein in the liver 
hilum, as described previously.* 

Two consecutive series of transplantations were per- 
formed. Our surgical technique of APLT has been de- 
scribed elsewhere.” At the end of the operation, the vessel 
occluders were removed, and the side-to-side portacaval 
shunt was abolished by placing two large hemostatic clips 
at the site of the anastomosis (Fig. 1B). Truncal vagotomy 


and pyloroplasty were added to the surgical procedure. ~ 
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A 


Fics. 1A and B. A. Schematic 
drawing of anatomy after 
portacaval shunt and occlu- 
ders around hepatic artery 
and portal vein. B. Situation 
after APLT, and induction of 
host liver failure. VC = vena 
cava, HA = hepatic artery, 
PV = portal vein, Ao = aorta, 
Duod = duodenum, CBD 
™ common bile duct. 


Transplantation in both groups was performed in donor- 
recipient combinations matched for the mixed lympho- 
cyte reaction test; body weights of donor and recipient 
animals were similar. In the first group (N = 11), animals 
received an auxiliary partial liver transplant 13 hours after 
induction of acute hepatic failure. In the second group 
(N = 10), APLT was performed 3 hours after induction 
of acute liver fatlure. 


Anesthesia 


After induction of anesthesia with small intravenous 
doses of ketamine chloride or thiopental, endotracheal 
intubation was performed. Anesthesia was maintained 
with nitrous oxide and oxygen (2:1) and minimal amounts 
of enflurane. The animals were paralyzed with pancuron- 
iumbromide and were ventilated using a Siemens 900B 
Servo ventilator (Siemens-Elema, Solna, Sweden). End- 
expiratory carbon dioxide was maintained between 4 and 
5 volume %. Analgesia was supplemented with small doses 
of fentanyl. During the operation, Ringer’s solution, 0.9% 
NaCl, and Haemaccel® were given. Metabolic acidosis 
was corrected by administration of sodium bicarbonate. 
All recipient animals received 800 ml donor blood during 
surgery. Fresh frozen plasma to supply clotting factors 
was administered to all pigs during APLT. All animals 
received ampicillin (0.5 g) and kanamycin (0.5 g) intra- 
venously at the beginning of surgery and immediately af- 
terwards. No immunosuppressive drugs were given. 


Hemodynamic Monitoring 


` In group I the arterial blood pressure was monitored 
by a catheter introduced into the carotid artery. In group 
Ii the pulmonary arterial pressure was monitored, and 
oe the pulmonary capillary wedge pressure (PCWP) was 
” added with the use of a Swan—Ganz catheter; the cardiac 
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output (CO) was measured by the thermodilution 
method.® The systemic vascular resistance (SVR) was cal- 
culated with a computer program from the formula SVR 
= (mean arterial pressure — central venous pressure) X 80/ 
CO and pulmonary vascular resistance (PVR) from PVR 
= (mean pulmonary pressure — PCWP) X 80/CO. The 
urine production was monitored during surgery and in 
the immediate postoperative period. 


Coagulation Monitoring 


In group H Normotest®, activated partial thrombo- 
plastin time (APTT), and fibrinogen levels were measured. 
The coagulation profile was studied during host liver isch- 
emia, during surgery, and in the immediate postoperative 
period using thromboelastography with whole blood for 
a minimum of 2 hours”® (Fig. 2). 
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FIG. 2. Scheme of thromboelastogram. The time necessary for the ini- 
tiation of clotting is referred to as the r-value (reaction time). After ini- 
tiation of clotting, the clot should reach a total amplitude of 20 mm in 
2-8 minutes; this time is called the k-value (clot formation time). Total 
width of the clot is expressed as MA (maximum amplitude), which should . 
reach a minimum of 50 mm. Fibrinolytic activity is measured by the 
decrease of MA in a minimum of 2 hours. 
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FiG. 3. Mean arterial pressure in eight animals of group I and in 
ten animals of group II that underwent APLT (mean + SEM). 0 = pre- 
APLT; | = vena cava occlusion; 2 = vena cava and portal vein occlusion; 
3 = graft recirculation; 4 = clamp on aorta; 5 = clamp off aorta: 6 = end 
operation. *p < 0.05, **p < 0.01, ***p < 0.001, compared with group I. 


Follow-up Studies 


Blood samples were taken before the first operation, 
before and after induction of ischemic hepatic necrosis, 
during the second operation, on the first day after liver 
transplantation, and weekly thereafter. Hemoglobim, leu- 
cocytes, platelets, serum aspertate aminotransferase and 
gamma glutamyl transaminase were determined by stan- 
dard laboratory techniques. Intravenous angiography and 
*™Tc-HIDA scanning, as described previously,’ were 
performed under general anesthesia in the second post- 
operative week. Liver biopsies of the host liver and the 
graft were taken at the end of the transplantation proce- 
dure and at autopsy. 


Statistical Analysis 


All data are expressed as mean values + SEM. Statistical 
analysis was performed using the Student’s t-test for paired 
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FIG. 4. Pulmonary capillary wedge pressure (PCWP) and cardiac output 
(CO) in ten animals of group II that underwent APLT (mean + SEM). 
0 = pre-APLT; 1 = vena cava occlusion; 2 = vena cava and portal vein 
occlusion; 3 = graft recirculation; 4 = clamp on aorta; 5 = clamp off 
aorta; 5a = end host liver ischemia; 6 = end operation. *p < 0.05, **p 
< 0.01, ***p < 0.001 compared with preoperative values. 
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FIG. 5. Systemic vascular resistance (SVR) and pulmonary vascular re- 
sistance (PVR) in ten animals of group II that underwent APLT (mean 
+ SEM). See Fig. 4 for explanation of time points. *p < 0.05, **p < 0.01, 
***n < 0.001 compared with preoperative values. 


and unpaired data; values for p < 0.05 are considered to 
be significant. 


Results 


In group I (N = 11) one animal died of liver insuff- 
ciency before liver transplantation could be performed 7 
hours after induction of host liver ischemia. Two pigs 
died during the transplantation procedure of hypotension 
and ventricular fibrillation 6 and 9 hours after induction 
of acute liver failure. APLT was carried out in eight pigs 
in group I. All animals in group II (N = 10) received a 
heterotopically placed partial liver graft. 


Hemodynamics 


In group I mean arterial pressure was significantly de- 
creased at the beginning and during the second operation 
compared to the pigs in group II that received large 
amounts of fluids (Fig. 3). Fluid substitution during APLT 
was 1.7 + 2 L in group I and 4.5 + 0.3 L in group IL. 
There was no difference in blood loss during surgery in 
groups I and H (606.3 + 81.0 ml and 735.0 + 115 ml, 
respectively). In all pigs in group Il, CO and PCWP de- 
creased with 66% and 43%, respectively, during occlusion 
of the recipient vena cava and the portal vein (Fig. 4). CO 
remained decreased thereafter while the PCWP returned 
to normal. The SVR and the PVR increased with maximal 
103% and 190% during APLT and remained elevated in 
the immediate postoperative period (Fig. 5). The pressure 
in the recipient portal vein in groups I and H animals was 
17.1 + 1.3 mmHg before transplantation and decreased 
after recirculation of the transplant to 12.4 + 2.2 mmHg 
(28% decrease). 


Coagulation Profile 


In group I platelets decreased after recirculation of the 
recipient liver from 268.8 + 16.8 to 140.4 + 22.2 X 10°/ 
L (p < 0.01). In group H the platelets decreased from 
224.6 + 19.2 to 83.8 + 10.9 x 10°/L (p < 0.01) after the 
end of host liver ischemia. The reaction time (r) and k- 
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value of the thromboelastograms that are associated with 
clot formation increased with 53% and 174%, respectively, 
while the maximum amplitude indicating clot stiffness 
decreased with 31% after recirculation of the recipient 
liver, compared to preoperative levels (Fig. 6). Hemoglo- 
bin content and hematocrit did not change significantly 
during the same period because of blood transfusion. A 
further decrease in amplitude of the thromboelastogram, 
indicating enhanced fibrinolytic activity, was not noted 
after the end of host liver ischemia. The Normotest® in 
group Il decreased from 45.9 + 5.6% before the trans- 
plantation to values below 5% in the four animals surviv- 
ing 24 hours. The fibrinogen level decreased from 1.7 
+ 0.2 to 0.5 + 0.2 g/L while APTT increased from 27.1 
+ 1.9 to 39.4 + 2.5 seconds during the same period. In 
the two animals of this group that survived more than 1 
week after APLT, the thromboelastogram and values of 
the Normotest, APTT, and fibrinogen became normal. 


Laboratory Tests 


In both groups there was a sharp rise in the aspertate 
aminotransferase level to 100 times normal values after 
6 hours of host liver ischemia. In the pigs that survived 
the first 2 days, the level normalized almost completely 
within 2 weeks. A rise of bilirubin was also seen after 
induction of liver failure, and the level remained slightly 
elevated in the animals surviving for longer periods after 
APLT. 


Survival 


Three animals of group J died within 48 hours after 
operation of technical problems (portal vein thrombosis, 
air embolism), and one pig died of intra-abdominal 
bleeding; in two other animals the cause of death could 
not be detected at autopsy. The remaining two pigs of 
this group both died of bleeding from a gastric ulcer 17 
and 19 days after APLT. In group II two pigs died within 
2 days after APLT of intestinal strangulation or air em- 
bolism. Postoperative intra-abdominal bleeding related 
to deficiencies in hemostasis caused the death of six other 
animals. Two pigs in this group survived in good health 
until death at 12 and 42 days after the operation because 
of host liver suppuration. 

In the four animals that survived the immediate post- 
operative period, histological examination showed more 
than 75% hepatocellular necrosis in recipient livers at the 
end of the transplantation procedure. In group I the grafts 
, at autopsy in the two longer-surviving pigs appeared to 
be almost completely necrotic with severe inflammatory 
infiltrates. In one of these pigs, the portal vein was oc- 
cluded, but the other vascular and bile duct anastomoses 
were patent. The host liver in these animals appeared to 


«Y have recovered almost completely from the previous isch- 
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Fic. 6. Hemoglobin level, r-value, k-value, and maximum amplitude of 
thromboelastogram in ten animals that underwent host liver ischemia 
and APLT (mean + SEM). *p < 0.05, ™p < 0.01, **p < 0.001 com- 
pared with preoperative values. 


emic period. The transplants of the two pigs in group I 
at autopsy were virtually normal at macroscopic inspec- 
tion, and all anastomoses were patent. Histological ex- 
amination showed mild cholangitis and inflammatory in- 
filtration of round cells and polymorphonuclear leuko- 
cytes. Slight hepatocellular necrosis of less than 10% was 
seen in these grafts. In contrast to the findings in the two 
long survivors from the first group, subtotal liver necrosis 
was demonstrated in the host liver of these two pigs. 

In both groups hepatobiliary scintigraphy and intra- 
venous angiography in the second postoperative week was 
consistent with the findings at autopsy. 


Discussion 


In previous APLT experiments we used recipient ani- 
mals that were healthy at the time of operation.*°° Al- 
though sufficient metabolic support of the transplant in 
the event of host liver failure could be demonstrated,‘ 
problems resulting from end-stage liver disease at the time 
of the transplantation procedure had not been studied. 
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In the present study a different experimental design was 
used to imitate the clinical situation in man, in which 
problems concerning hemodynamics and hemostasis 
could be investigated. The severity of fulminant hepatic 
failure in our model was reflected by the poor condition 
of the animals at the time of transplantation, as evidenced 
by hypotension and the death of three animals before or 
shortly after induction of anesthesia. Fulminant hepatic 
failure in man is invariably associated with severe coagu- 
lopathy. Coagulopathy of hepatic failure is explained by 
thrombocytopenia, failure of synthesis of clotting factors, 
and consumption coagulopathy as direct consequence of 
liver cell necrosis. '° 

Reported models so far used in liver transplantation 
experiments do not reflect the problems encountered in 
patients with fulminant hepatic failure.'' Liver transplan- 
tation has been evaluated in pigs with fulminant hepatic 
failure induced by Amanita phalloides toxin.’* In that 
study hemorrhagic diathesis was only encountered in three 
out of 21 animals, which is in contrast to findings in pa- 
tients with fulminant hepatic failure.'? Auxiliary liver 
transplantation for dimethylnitrosamine induced acute 
hepatic failure has been performed by Kuster without 
hemorrhagic complications.'* Drug induced hepatic in- 
sufficiency, however, has the disadvantage of low repro- 
ducibility and therefore may explain the reported favor- 
able results.'° Temporary auxiliary liver transplantation 
in acute liver failure, induced by 1 hour host liver isch- 
emia, has been described in dogs.'® The transplant was 
positioned in the thorax and removed on the fifth post- 
operative day. Although the time needed for host liver 
recuperation in the latter study seems to be very short, 
two dogs survived 10 and 15 days. Severe hemorrhagic 
diathesis was absent in this experiment, and the period 
of hepatic support was very short; it was still suggested 
that the temporary auxiliary liver transplant is capable of 
supporting life during acute hepatic injury in the dog. 
Huguet, however, did not observe reversal of encepha- 
lopathy by an auxiliary liver transplant in pigs with in- 
duced host liver ischemia.'’ In his study severe dissemi- 
nated intravascular coagulation was noted, and no animals 
survived more than 9 hours. 

In our study acute hepatic failure was also produced 
by means of temporary ischemia. Hemodynamic changes 
and coagulation disorders developed that resembled the 
syndrome of fulminant hepatic failure in man. In the pigs 
in which acute liver failure was induced 13 hours prior 
to surgery (group I), the condition of the anrmals became 
very poor. Most animals were hypotensive at the start of 
surgery, and perioperative mortality was high. Fluid ad- 
ministration of a mean 1.7 L per animal did not improve 
the blood pressure in the animals of group I. Fresh frozen 
plasma was also administered routinely during transplan- 
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tation and prevented major bleeding problems during 
surgery in this group, although low blood pressure prob- 
ably obscured manifestation of clotting disorders. 

In an attempt to improve results of APLT in these se- 
verely ill pigs, the time interval between liver ischemia 
and operation was reduced to 3 hours (group II), the an- 
ticipation of hemodynamic changes was attained by the 
use of a flow-directed balloon-tip pulmonary artery cath- 
eter. As a result of this approach, the condition of the 
animals in group II improved, as reflected by the higher 
arterial blood pressure at the start of surgery and through- 
out the second operation. A significant decrease in arterial 
blood pressure, CO, and PCWP was noted during total 
obstruction of recipient hepatic flow and occlusion of in- 
ferior vena cava. Decrease in systemic blood pressure 1s 
well known after interruption of hepatic bloodflow!®° 
and has been observed previously by our group.”! In the 
previous reported experiments of auxiliary liver trans- 
plantation in the presence of liver failure,'*!°!"? no study 
has been performed to evaluate the hemodynamic changes 
during the transplantation procedure. The occurrence of 
hypotension in fulminant hepatic failure is well recog- 
nized, although pathogenesis remains obscure.**** It has 
been suggested that central vasomotor depression is more 
important than primary heart failure.” Our study has 
demonstrated that large amounts of fluid were necessary 
to maintain PCWP at near-normal levels following graft 
recirculation. In spite of this, CO was markedly lower 
than normal while at the same time SVR was increased. 
This indicates a primarily myocardial depression following 
reinstatement of blood flow through the donor liver, with 
subsequent release of toxic substances like oxygen free 
radicals from the ischemic liver or splanchnic region as 
has also been suggested by others.*°-?8 Administration of 
serum, obtained immediately after recirculation of the 
ischemic host liver, to an in-vitro beating rat heart model 
caused cessation of cardiac contractions (unpublished ob- 
servations). Consequent hypotension was partially com- 
pensated by massive increase of SVR. Recirculation of 
the host liver after 6 hours ischemia did not result in fur- 
ther decrease of CO. However, at this point, large quan- 
tities of sodium bicarbonate were administered to coun- 
teract the ensuing metabolic acidosis, and the heart action 
was stimulated with calcium chloride, thus obscuring 
possible negative effects of toxic substances on myocardial 
function. In future experiments, it may be possible to in- 
crease CO by the judicious use of vasodilators and positive 
inotropic agents. Increase of PVR in this study after APLT 
is an interesting observation. It might be partly due to 
intravascular coagulation after host liver recirculation. 
Furthermore, reperfusion of the host liver after an isch- 
emic period stimulates thromboxane A, release, which in 
association with thromboemboli results in constriction of 
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smooth muscle around the pulmonary vasculature.?’ 
Fluid overload was not the cause of increased PVR as 
PCWP remained mainly within normal limits. 

In this study we found an elevation of the portal venous 
pressure after the temporary ischemia to 17.1 + 1.3 
mmHg, normal values in the anesthetized pig being 3-7 
mmHg. This finding is in accordance with observations 
in patients with acute liver failure.” Portal venous pressure 
decreased by 28% after recirculation of the graft. This 
indicates that the graft functions as a portacaval shunt. 
Ligation of the recipient’s portal vein after APLT as we 
performed in previous experiments,* therefore, is not in- 
dicated in the presence of a diseased host liver. 

Thromboelastography was used to evaluate the coag- 
ulation profile. Zuckerman and coworkers found a striking 
correlation between thromboelastographic parameters and 
standard laboratory coagulation tests.” Severe clotting 
disorders were seen immediately after the end of host liver 
ischemia in the second series of experiments. Prolonged 
clot formation time was demonstrated by increased r- and 
k-values of the thromboelastogram. Decrease in maxi- 
mum amplitude is explained by the sharp reduction in 
the platelet count observed at the end of host liver isch- 


emia. The hemoglobin level and hematocrit did not alter . 


during the changes in thromboelastographic parameters; 
hemodilution as an explanation for the observed findings 
is thus less likely. Abnormalities in coagulation profile 
after recirculation of the ischemic liver parallels clinical 
findings. No major blood loss from the plane of resection 
of the graft nor from vascular anastomoses was noticed 
prior to host liver recirculation. However, as soon as oc- 
cluders on the host liver portal vein and hepatic artery 
were removed and the host liver was reperfused, oozing 
of blood occurred. This phenomenon was not observed 
after permanent occlusion of the blood inflow to the host 
liver in another series of experiments (unpublished ob- 
servations). Intravascular coagulation in the ischemic 
damaged host liver likely explains coagulation disorders. 
Other investigators suggest the release of oxygen-derived 
free radicals after organ ischemia.?! Subsequent tissue 
damage and intravascular coagulation with depletion of 
clotting factors could be an explanation of the observed 
bleeding at anastomotic sites. The substitution with fresh 
blood from the donor animal and fresh frozen plasma 
could not prevent postoperative mortality from hemor- 
rhagic complications in group II. Platelets to correct low 
levels were not available. In the animals that survived the 
immediate postoperative period with severe clotting ab- 
normalities, synthesis of clotting factors by the transplant 
and the production of platelets by the bone marrow re- 
sulted in a normal coagulation profile. 

The pigs in group I surviving more than 2 weeks after 
transplantation had a necrotic transplant at the time of 
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death. As biopsies of the host liver in these pigs showed 
subtotal necrosis at the time of operation, the liver grafts 
supported the animals only during the period of host liver 
recovery. The reason for graft failure in these pigs is not 
clear; failure caused by a technical problem is less probable 
in view of the findings at autopsy. In group II the host 
liver in the two longer surviving animals was transformed 
in a flat fibrotic structure, while the graft had increased 
in size considerably. The grafts supported these pigs com- 
pletely as the host liver did not recover function. As the 
time interval between the induction of liver failure and 
APLT was reduced from 13 hours (group I) to 3 hours 
(group II), the difference in graft survival between the an- 
imals of both groups as a result of this measure cannot 
be ruled out. The observations in the longer surviving 
animals of both groups tend to support the concept of 
“functional competition” between host liver and graft, as 
has been suggested by Van der Heyde and coworkers.*” 

In summary, we found that hypotension in these very 
ul animals could be partly prevented by reduction of the 
time interval between liver failure and APLT and by mas- 
sive fluid replacement. Problems in hemostasis are caused 
by consumptive coagulopathy rather than fibrinolysis. We 
demonstrated that APLT is technically feasible in these 
severely ill pigs with acute hepatic failure. Interestingly 
enough, in the longer surviving pigs either the graft or the 
host liver recovered. The underlying biochemical pro- 
cesses that are responsible for survival of one of the two 
livers need to be elucidated. It seems justified to explore 
further the possibilities of APLT as a support system in 
liver failure in experimental and clinical studies. 
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low toxicity of the penicillin group of antibiotics, periodic assessment of 
organ system functions including renal, hepatic, and hematopoietic 
during prolonged therapy is advisable. Bleeding manifestations have 
occurred in some patients receiving B-lactam antibiotics including 
piperacillin. These reactions have sometimes been associated with 
abnormalities of coagulation tests such as clotting time, platelet aggre 
gation, and prothrombin time and are more likely to occur in patients 
with renal failure. If bleeding manifestations occur, the antibiotic 
should be discontinued and appropriate therapy instituted. 

The possibility of the emergence of resistant organisms which might 
cause superinfections should be kept in mind, particularly during pro- 
longed treatment. If this occurs, appropriate measures should be taken. 

As with other penicillins, patients may experience neuromuscular 
excitability or convulsions tf higher than recommended doses are given 
intravenously 

PIPRACIL is a monosodium compound containing 1.85 milliequiva 
lents of Na* per gram. This should be considered when treating patients 
requiring restricted salt intake. Periodic electrolyte determinations 
should he made in patients with low potassium reserves, and the possi 
bility of hypokalemia should be kept in mind with patients who have 
potentially low potassium reserves and who are receiving cytotoxic ther- 
apy or diuretics 

Antimicrobials used in high doses for short periods to treat gonorrhea 
may mask or delay the symptoms of incubating syphilis. Therefore. prior 
to treatment, patients with gonorrhea should also be evaluated for syph 
ilis. Specimens for darkheld examination should be obtained from 
patients with any suspected primary lesion and serologic tests should be 
performed. In all cases where concomitant syphilis is suspected, 
monthly serological tests should he made for a minimum of four 
months 

As with other semisynthetic penicillins, PIPRACIL therapy has been 
associated with an increased incidence of fever and rash in cystic fibro 
sis patients. 

Drug Interactions. The mixing of PIPRACIL with an aminoglycoside 
in vitro can result in substantial inactivation of the aminoglycoside 

Pregnancy— Pregnancy Category B. Although reproduction studies 
in mice and rats performed at doses up to four times the human dose 
have shown no evidence of impaired fertility or harm to the fetus, safety 
of PIPRACIL use in pregnant women has not been determined by ade 
quate and well-controlled studies. Because animal reproduction studies 
are not always predictive of human response, this drug should be used 
during pregnancy only if clearly needed. It has been found to cross the 
placenta in rats 

Nursing Mothers. Caution should be exercised when PIPRACIL ts 
administered to nursing mothers. It is excreted in low concentrations in 
milk 

Pediatric Use. Dosages for children under the age of 12 have not been 
established. The safety of PIPRACIL in neonates is not known. In dog 
neonates dilated renal tubules and peritubular hyalinization occurred 
following administration of PIPRACIL 
ADVERSE EFFECTS: PIPRACIL is generally well tolerated. The most 
common adverse reactions have been local in nature, following tntrave 
nous or intramuscular injection. The following adverse reactions may 
occur 

Local Reactions. Thrombophlebitis (4%), pain, erythema, and/or 
induration at the injection site (2%) and, less frequently, ecchymosis, 
deep vein thrombosis, hematomas 

Gastrointestinal. Diarrhea and loose stools (2%); less frequently, 
vomiting, nausea, increases tn liver enzymes (LDH, SGOT, SGPT), 
hyperbilirubinemia, cholestatic hepatitis. bloody diarrhea. and, rarely, 
pseudomembranous colitis. 

Hypersensitivity Reactions. Anaphylactoid Reactions (see WARN 
INGS). Rash (1%); less frequently, pruritus, vesicular eruptions. positive 
Coombs tests. 

Renal. Elevations of creatinine or BUN and, rarely, interstitial 
nephritis. 

Central Nervous System. Headache, dizziness, fatigue. 

Hemic and Lymphatic. Reversible leukopenia. neutropenia, throm- 
bocytopenia, and/or eosinophilia have been reported. As with other 
(3-lactam antibiotics, reversible leukopenia (neutropenia) is more apt to 
occur in patients receiving prolonged therapy at high dosages or in 
association with drugs known to cause this reaction. 

Serum Electrolytes. Individuals with liver disease, or individuals 
receiving cytotoxic therapy or diuretics, were reported rarely to demon- 
strate a decrease in serum potassium concentrations with high doses of 
piperacillin 

Skeletal. Rarely. prolonged muscle relaxation. 

Other. Superinfection, including candidiasis 
Hemorrhagic manifestations. 
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NEW! 


BRILLIANT 
FULL-COLOR 
SURGEON'S 
ATLAS 


An exciting 

visual demonstration 

of limb incisions 

a 378 illustrations, 
including 160 superb 
natural color photographs 
m Step-by-step incision procedures 


m Uniquely realistic field of view 


COLOUR ATLAS OF 





urgical Exposures of the Limbs 


By Neil Rushton, M.D., F.R.C.S.; 
Robert A. Greatorex, M.A., F.R.C.S.; 
and Nigel S. Broughton, F.R.C.S. 


This beautifully illustrated, full-color atlas demonstrates fifty- 
five of the most commonly used surgical incisions of the 
limbs. 


Highest quality dissections allow for the ready identification 
of anatomical structure and give a field of view closely resem- 
bling that experienced when operating under tourniquet. 


Highest quality photographs illustrate the steps in the per- 
formance of each incision. Each of the 160 full-color photo- 

graphs is accompanied by a sharp line drawing and concise 
comments that highlight practical procedural considerations 


The basic surgical approaches in the COLOUR ATLAS OF 
SURGICAL EXPOSURES OF THE LIMBS are those most com- 
monly encountered by all surgeons at some point in their 
careers. Order your copy of this new atlas today and pul it to 
work as a valuable supplement to your practical experience, 


Here's just a small sampling of the incision procedures youll 
find in this new atlas: 


Anterior approach to the shoulder joint 
Exploration (block dissection) of the axilla 
Exposure of the radiai nerve at the elbow 
Approach to the wrist joint 

Carpal tunnel decompression 

Lateral approach to the hip joint 

Block dissection cf the groin 
Anteromedial appeoach to the knee joint 
Posteromedial approach to the tibia 
Approach to the subclavian vessels 
Exposure of the oecranon 

e Posterior approach to the popliteal artery 


218 pages. 378 illustrations, 
including 160 full-color photographs. 1985. $45.00 
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FES Lippincott books are available through your health science bookstore or your Lippincott representative. For mail order service direct, 
please use the coupon below, or Call Toll Free (USA except AK, Hi) 1-800-638-3030. In Maryland Call Collect (301) 824-7300. 
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P.O. Box 1630, Hagerstown, MD 21741 


Please send me for 30 days’ ON-APPROVAL EXAMINATION 


_—— Copy{ies} of Colour Atlas of Surgical Exposures of the Limbs (65- 79023) 
@ $45.06 each. 
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NUBAIN” gives you pain-stopping power 
comparable to morphine/meperidine 
with fewer adverse side effects: 





m fast action 

m long-lasting pain relief 

m documented ‘ceiling’ on 
respiratory depression 

m hemodynamic stability 

m non-constipating 


m lower incidence of nausea, vomiting, 
and other common side effects 


m low abuse potential—non-scheduled 


Now available in 20 mg/ml ampul, vial, 
and syringe. Also available in 10 mg/ml 
ampul and vial. 


For further information conceming contraindications, 
side effects, and precautions, please see following page. 


NUBAIN is available exclusively from Du Pont. 
© 1985, Du Pont Pharmaceuticals, Inc. 
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Brief Summary of Prescribing Information 


INDICATIONS For the relief of moderate to severe pain. NUBAIN can atse be 
used for preoperative analgesia, as a supplement to surgical anesthesia, 
and for obstetrical analgesia during labor. 


CONTRAINDICATIONS NUBAIN should not be administered to patients who 
are hypersensitive to it. 


WARNINGS Drug Dependence NUBAIN has been shown to have a low 
abuse potential which is aporonimate to that of pentazocine. When com- 
pared with drugs which are not mixed agonist-antagonists, it has been 
reported that nalbuphine’s potential for abuse would be less than that of 
codeine and propoxyphene. Psychological and physical dependence and 
tolerance may fallow the abuse or misuse of nalbuphine. Therefore, caution 
should be observed in prescribing it for emotionally unstable patients, or 
for individuals with a history of narcotic abuse. Such patients shouid be 
closely supervised when long-term therapy is contemplated. Care should 
be taken to avoid increases in dosage or frequency of administration which 
in susceptible individuals might result in physical dependence. Abrupt 
discontinuation of NUBAIN following prolonged use has been followed by 
symptoms of narcotic withdrawal. ie., abdominal cramps, nausea and 
vomiting, rhinorrhea, lacrimation, restlessness, anxiety, elevated temper- 
ature and oroerection. Use in Ambulatory Patients NUBAIN may impair 
the mental or physical abilities required for the performance of potentially 
dangerous tasks such as driving a car or operating machinery, Therefore, 
NUBAIN should be administered with caution to ambulatory patients who 
should be warned to avoid such hazards. Use in Emergency Procedures 
Maintain patient under observation until recovered from NUBAIN effects 
that would affect driving or other potentially dangerous tasks. Use in 
Children Clinical experience to Support administration to patients under 
18 years is not available at present. Use in Pregnancy (other than labor) 
Safe use of NUBAIN in pregnancy has not been established. Although 
animal reproductive studies have not revealed teratogenic or embryotoxic 
effects, nalbuphine should only be administered to pregnant women when, 
in the judgement of the physician, the potential benefits outweigh the 
possibie hazards. Use Buring Labor and Delivery NUBAIN can produce 
respiratory depression in the neonate. It should be used with caution in 
women delivering premature infants. Head Injury and increased intra- 
cranial Pressure The possible respiratory depressant effects and the 
potential of potent analgesics to elevate cerebrospinal fluid pressure (re- 
sulting from vasodilation following CO» retention) may be markedly exag- 
gerated in fhe presence of head injury, intracranial lesions of a pre-existing 
increase in intracrantal pressure. Furthermore, potent analgesics can pto- 
duce effects which may obscure the clinical course of patients with head 
injuries. Therefore, NUBAIN should be used in these circumstances only 
when essential, and then should be administered with extreme caution. 
interaction With Other Centra! Nervous System Depressants Although 
NUBAIN possesses narcotic antagonist activity, there is evidence that in 
mindependent patients it will not antagonize a narcotic analgesic admin- 
istered just before, concurrently, or just after an injection of NUBAIN. 
Therefore, patients receiving a narcotic analgesic, general anesthetics, 
phenothiazines, or other tranquilizers, sedatives, hypnotics, or other CNS 
depressants (including alcohol} concomitantly with NUBAIN may exhibit an 
additive effect. When such combined therapy is contemplated, the dase of 
one or both agents should be reduced, 


PRECAUTIONS impaired Respiration At the usual adult dose of 10 mg/70 
xg, NUBAIN causes some respiratory depression approximately equal to 
that produced by equal doses of morphine. However, in contrast ta mor- 
phine, respiratory depression is not appreciably increased with higher 
doses of NUBAIN. Respiratory depression induced by NUBAIN can be re- 
versed by NARCAN® (naloxone hydrochtoride} when indicated. NUBAIN 
should be administered with caution at low doses to patients with impaired 
respiration (e.g, from other medication, uremia, bronchial asthma, severe 
infection, cyanosis or respiratory obstructions). impaired Renal or Hepatic 
Function Because NUBAIN 1s metabolized in the liver and excreted by the 
kidneys, patients with renal or liver dysfunction may overreact to customary 
doses. Therefore, in these individuals. NUBAIN should be used with caution 
and administered in reduced amounts. Myocardial infarction As with al! 
potent analgesics, NUBAIN should be used with caution in patients with 
myocardial infarction who have nausea or vomiting. Biliary Tract Surgery 
As with all narcotic analgesics, NUBAIN should be used with caution in 
patients about to undergo surgery of the biliary tract since it may cause 
spasm af the sphincter of Oddi. 


ADVERSE REACTIONS The most frequent adverse reaction in 1066 patients 
treated with NUBAIN is sedation 38] (36%). Less frequent reactions are: 
sweaty’clammy 99 (9%), nausea/vomiting 68 (6%), dizziness/vertige 58 
(5%), dry mouth 44 (4%), and headache 27 (3%). Other adverse reactions 
which may occur {reported incidence of 1% or less) are. ONS Effects 
Nervousness, depression, restlessness, crying. euphoria, floating. hostility, 
unusual dreams, confusion, faintness, hallucinations, dysphoria, feeling 
of heaviness, numbness, tingling, unreality. The incidence of psychotomi- 
metic effects. such as unreality, depersonalization, delusions. dysphoria 
and hallucinations has been shown to be less than that which occurs with 
pentazocine. Cardiovascular Hypertension, hypotension, bradycardia, 
tachycardia, Gastrointestinal Cramps, dyspepsia, bitter taste. Respiration 
Depression, dyspnea, asthma. Bermatological itching, burning, urticaria. 
Miscellaneous Speech difficulty, urinary urgency, blurred vision. flushing 
and warmth. Patients Dependent on Narcotics Patients who have been 
taking narcotics chronically may expenence withdrawal symptoms upon 
the administration of NUBAIN, If unduly troublesome, narcotic withdrawal 
symptoms can be controlled by the slow mitravenous administration of 
gmail increments of morphine, until relief occurs. If the previous analgesic 
was morphine, meperidine, codeine, or other narcotic with similar duration 
of activity, one-fourth of the anticipated dose of NUBAIN can be adminis- 
tered initially and the patient observed for signs of withdrawal, i.e., abdom- 
inai cramps, nausea and vomiting, lacrimation, rhinorrhea, anxiety, 
restlessness, elevation of temperature of piloerection. if untoward symp- 
toms de not occur, progressively larger doses may be tried at appropriate 
intervals until the desired level of analgesia is obtained with NUBAIN. 
Management of Overdosage The immediate intravenous administration 
of NARCAN® (naloxone hydrochloride) is a specific antidote. Oxygen, intra- 
veneus fluids, vasopressors and other supportive measures shouid be used 
as indicated. The administration of single doses of 72 mg of NUBAIN 
subcutaneously to eight normal subjects has been reported to have resuited 
primarily in symptoms of sleepiness and mild dysphoria. 

NARCAN is a registered U S trademark of Du Pont Pharmaceuticals. Ine. 
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Du Pont Pharmaceuticals, Inc. 

Subsidiary of EJ. du Pont de Nemours & Co. (Inc.} 
P.O. Box 363, Manati, Puerto Rico 00701 
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There is a road. 


Many cancer patients need 
transportation to and from 
treatments. That's why the 
American Cancer Society 
has formed groups of volun- 
teers across the United 
States who give a few hours 
of their time each month to 
drive them. The road to 
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Evidence for Dual Modulation of Pepsinogen 
Secretion Using Isoproterenol, Carbachol, CCK-8, 
Forskolin, 8 Bromo-cAMP, and A23187 Probes 





GARTH H. BALLANTYNE, M.D. 
MICHAEL J. ZDON, M.D. 


DAVID E. SCHAFER, PH.D. 
GARY R. FRATESI, M.D. 
JOHN R. ROBERTS, M.D. 


MISHA TYSHKOV, M.D. 
IRVIN M. MODLIN, M.D. 


The cellular mechanisms by which pepsinogen (PNG) secretion 


. is controlled are not understood. The aim of this study was to 


explore whether modulation of PNG secretion is mediated by 
cAMP or cakcium-calmodulin (C-C). PNG secretion in isolated 
rabbit gastric fandic glands (IGG) was tested, using agents be- 
lieved to act via cAMP or C-C. IGG were stimulated for 30 
minutes with histamine (H) 107° M, isoproterenol (D 10 M, 
carbachol (C) 105 M, cholecystokinin-octapeptide (CCK-8) 1077 
M, forskolin (F) 10% M, 8 bromo-cAMP (8B) 10° M, and 
A23187 (A) 10® M. PNG levels were determined by spectro- 
photometric assay of hemoglobin digestion products. PNG 
amounts secreted were (mean per cent above basal levels of total 
IGG PNG units + SEM): H, —0.02 + 0.30%; I, 3.5 + 0.9%; C 
5.1 + 2.2%; CCK-8, 5.3 + 1.5%; F, 10.6 + 3.8%; 8B, 13.8 + 4.5%; 
A, 2.1 + 1.1%. All secretagogues except H stimulated PNG 
release significantly above basal levels (p < 0.05). A primary 
histaminergic mechanism for pepsinogen secretion is unlikely. 
Since two other adenylate cyclase activators, isoproterenol and 
forskolin and the 3':S'-cyclic adenosine monophosphate analog 
8-bromo cAMP stimulated pepsinogen secretion, cAMP-depen- 
dence is probable. Since carbachol, CCK-8, and A23187, which 
are believed to act via calcium—calmodulin, also stimulated pep- 
sinogen secretion, this system, too, presumably plays a substan- 
tial role. Thus the data support a dual 3’:5’-cyclic adenosine 
monophosphate/calcium—calmodulin modulation of pepsinogen 
secretion. i 


( "mano ot OF peptic ulcer disease (PUD) re- 
main one of the leading causes of hospitalization 
in this country. The specific etiology of PUD re- 

mains poorly understood. The recent success of H2 

blockers in the treatment of PUD has confirmed the im- 

portance of acid in the pathogenesis of ulcers. Although 

it is accepted that pepsin also plays an essential role in 
the pathogenesis of PUD, the precise nature of its con- 
tribution has never been elucidated. This specifically re- 
lates to the inadequate understanding of the mechanisms 
responsible for the modulation of pepsinogen secretion. 


Reprint requests: Garth H. Ballantyne, M.D., Department of Surgery 
(#112), West Haven VA Medical Center, West Haven, CT 06516, 
Submitted for publication: January 13, 1986. 
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From the Gastrointestinal Surgery Research Group, 


Department of Surgery, Yale University School of 
Medicine, and The West Haven VA Medical Center, 
West Haven, Connecticut 


A general model of pepsin secretion was postulated by 
J. N. Langley in 1881. Morphologic microscopic findings 
led him to propose that pepsin was stored in granules 
within the chief cell and released upon appropriate stim- 
ulation of the cell.! Subsequent research has supported 
this model with the stipulation that pepsin is stored in the 
form of an inactive precursor, pepsinogen.” 

The release of acid and pepsinogen following admin- 
istration of certain gastric secretagogues (first messengers) 
such as gastrin has been frequently studied in intact an- 


.imals.? Intervening neural, hormonal, and paracrine in- 


fluences complicate the interpretation of in vivo results. 
An important effect in this category is the stimulation of 
pepsinogen release by acid on the mucosal surface of the 
stomach through a local reflex.’ Moreover, because of 
these complexities, in vivo studies cannot clarify the role 
of intracellular mechanisms (e.g., second messengers) in 
modulating pepsinogen secretion. Thus, there has been 
great interest in developing in vitro models in which chief 
cell function may be studied in relative isolation with 
minimal uncontrolled extracellular influences. 

In an early in vitro model—organ culture of gastric 
mucosal biopsies—acetylcholine, in the presence of the 
cholinesterase inhibitor physostigmine, stimulated pep- 
sinogen secretion. Similarly, isobutylmethylxanthine, 
which inhibits the degradation of cAMP to adenosine 
monophosphate (AMP) by phosphodiesterase, also stim- 
ulated pepsinogen secretion in both organ cultures of mu- 
cosal biopsies as well as in intact gastric mucosal strips in 
vitro.© These experimental systems suffered from several 
technical problems, including regional variations of se- 
cretory patterns within gastric mucosa. 
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TABLE |. Agents Tested for Stimulation of Pepsinogen Secretion 
in Isolated Rabbit Gastric Glands 


Level of Action 





Probable Mediator Receptor Disial 
cAMP Histamine Forskolin 
10°°M 10° M 
Isoproterenol §-bromo cAMP 
IOM IOM 
Caicium-calmodulin Carbachol A23187 
i077 M IÉ M 
CCK-8 
10-7 M 


Techniques that were developed for isolating pancreatic 
exocrine cells’ could not be directly applied to isolating 
chief cells from rabbit gastric mucosa. The extremely 
dense lamina propria of rabbit gastric mucosa does not 
permit efficient digestion by collagenase. Consequently, 
we attempted to observe pepsinogen secretion from iso- 
lated intact gastric fundic glands of the rabbit, adapting 
a method originally used for parietal cell studies.? In pre- 
liminary studies, the glands remained rapidly responsive 
to actylcholine.® Other laboratories have since confirmed 
and extended these findings.’ 

The present study utilizes isolated gastric glands (KGG) 
to investigate intracellular mechanisms of pepsinogen 
(PNG) secretion in an environment largely free of neural, 
hormonal, and paracrine influences. PNG secretion from 
IGG was measured in response to a variety of test probes. 
The purpose of this study was to examine whether second- 
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% OF TOTAL PEPSINOGEN SECRETED 


Ô H 7 -6 "5 4 
ISOPROTERENOL CONCENTRATION (LOG M) 


5 
& 
Fic. 1. Dose-response relationship for isoproterenol stimulated pepsin- 
ogen secretion from isolated gastric glands (IGG). Pepsinogen secretion 
is expressed as per cent of the total pepsinogen secreted. A dose of 1077 
M isoproterenol (1) resulted in a significant secretion of pepsinogen ever 
unstimulated levels (p < 0.05). Maximal stimulation was obtained with 


doses of 10°° M. PNG secretion stimulated by 1074 M I was not signif- 
icantly different from 107° M (p > 0.05). 


BALLANTYNE AND OTHERS 
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FiG. 2, Dose-response relationship for CCK-8 stimulated pepsinogen 
secretion from IGG. Pepsinogen secretion is expressed as per cent of the 
total pepsinogen secreted. CCK-8 at 107'' M resulted in a significant 
stimulation of PNG secretion over unstimulated levels (p < 0.05). Max- 
imal stimulation was obtained at a dose of 10°’ M. 


messenger mechanisms mediated by 3’:5’-cyclic adenosine 
monophosphate (cAMP) or calcitum—calmodulin (C-C), 
or both, govern PNG secretion from chief cells. First mes- 
senger probes were therefore used whose membrane re- 
ceptors activate either cAMP mechanisms (histamine and 
isoproterenol) or C-C systems (carbachol and cholecys- 
tokinin-8, CCK-8). In addition, several probes that bypass 
membrane receptors were tested. In this group, we used 
forskolin (F), a direct stimulator of adenylate cyclase: 8- 
bromo cAMP (8B), a direct activator of cAMP-dependent 
protein kinases; and A23187 (A), a calcium ionophore, 
which specifically raises cytosolic calcium levels activating 
the C-C system. 


Methodology 
Study Design 


Four test probes were chosen (Table 1) that act via 
membrane receptors and three that bypass receptor 
mechanisms. In each group, some act via cAMP-depen- 
dent mechanisms, and others are presumed to act by C- 
C-dependent mechanisms. Thus, four possible pathways 
for stimulation of PNG secretion were tested: (1) through 
membrane receptors acting via the cAMP system; (2) 
through direct activation of the cAMP system; (3) through 
membrane receptors acting through the C-C system; and 
(4) through direct activation of the C-C system. 

Dose-response curves were predetermined for each 
probe (Figs. 1, 2, 3). Maximal or just submaximal doses 
were used in the experiments. IGG were incubated for 30 
minutes in the presence and absence of the test agents 


and then separated from the medium by filtration. PNG . * 


was measured in the medium. 


—/ 
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Gland Preparation 


Unfasted New Zealand white rabbits weighing 3—4 kg 
were anesthetized with sodium pentobarbital (Abbott 
Laboratories, North Chicago, IL), 50 mg/kg. A cardiac 
venous cannula was inserted retrograde into the infrarenal 
aorta, and sodium heparin (1000 units) was infused. After 
2 minutes, the rabbit was exsanguinated. The thoracic 
aorta and superior mesenteric artery were cross-clamped 
and the portal vein incised to allow drainage. The celiac 
axis was perfused through the aortic line with 1 L of 
warmed (37 C) and oxygenated (100% O) phosphate- 
buffered saline (PBS) containing 125 mM NaCl, 0.64 mM 
NaH.2PO,, and 3.0 mM K2HPO, (pH 7.4). A cardiac roller 
pump (Travenol) provided a perfusion pressure of 600 
mmHg. This high-pressure perfusion with the colloid-free 
saline solution greatly expanded the mucosal interstitial 
spaces. 

After perfusion, the stomach was excised and opened 
along the greater curvature. The antrum and cardia were 
discarded. The mucosa was bluntly dissected, using a 
scalpel handle, from the submucosa, washed with PBS, 
minced with scissors, and incubated for 30 minutes in 
oxygenated (100% O 2), warmed (37 C) Krebs—Ringer-bi- 
carbonate solution containing 1 mg/ml collagenase (Sigma 
type 1), 1 mg/ml rabbit serum albumin (Sigma, St. Louis, 
MO), 0.5 mg/ml soybean trypsin inhibitor, and 2 mg/ml 
glucose. After collagenase digestion, the dispersed glands 
were serially filtered by gravity through nylon cloths with 
pore sizes ranging from 840 down to 300 um. Residual 
debris and protein were removed by threefold gravity sed- 
imentation and resuspension of IGG in incubation me- 
dium containing NaCl 134 mM, KCI 5.4 mM, Na HPO, 
5.0 mM, NaH,PO, 1.0 mM, MgSO, 1.2 mM, CaCl, 1.0 
mM, phenol red 10 mg/L, bovine serum albumin 2 mg/ 
ml, and dextrose 2 mg/ml (pH 7.4). 


Pepsinogen Secretion 


IGG were incubated for 30 minutes in oxygenated me- 
dium in tissue culture tubes on a temperature-controlled 


_ (37 C) shaker bath. In each experiment, 1.8 ml of IGG 


suspension was added to 0.2 ml of medium containing 
the test agent (stimulated) or medium alone (unstimu- 
lated). Stimulated and unstimulated glands were separated 
from the medium after a 30-minute incubation period. 
All studies in each rabbit were done in quadruplicate. 
Zero-time levels of PNG were determined in the medium 
separated from glands by vacuum filtration at zero time. 

PNG was measured by a modification of the Anson- 
Mirsky method.’ Filtrates from IGG lysed by rapid freez- 
ing in dry ice were used for total PNG determinations. 


«~. PNG in 0.1 ml of medium was activated with HCI at pH 


r 


1.8. After 10 minutes, 0.8 ml of 2% bovine hemoglobin 


DUAL MODULATION OF PEPSINOGEN SECRETION 
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Fic. 3. Dose-response relationship of forskolin stimulated pepsinogen 
secretion from IGG. Pepsinogen secretion is expressed as per cent of the 
total pepsinogen secreted. Forskolin 107 M resulted in a significant 
stimulation of PNG over unstimulated levels (p < 0.05). Maximal stim- 
ulation was obtained at a dose of 107° M. There was a significant difference 
in forskolin-stimulated PNG secretion at 107° and 10™* M (p > 0.05). 


in HCl (pH 1.8) was added. After 40 minutes, 5% tri- 
chloroacetic acid was added to deactivate the pepsin and 
precipitate undigested hemoglobin. Precipitated hemo- 
globin was removed by filtration. Five ml of 0.2 N NaOH 
was added to | ml of filtrate, followed after 10 minutes 
by 0.5 ml of Folin’s reagent. At 30 minutes, optical density 
at 760 nm was measured by spectrophotometry. Standard 
curves for the assay were determined separately with pep- 
sin standards. Mean zero-time levels for each experiment 
were subtracted from unstimulated or stimulated results 


. before calculations. Results are expressed as per cent of 


total IGG PNG secreted above unstimulated levels. This ` 
convention has been selected since it is in conformity with 
current practice in this area of investigation and allows 
comparison of our results with other published results.'°!! 
The rationale for the reporting of pepsinogen secretion as 


. a per cent of total pepsinogen is to compensate for vari- 


ations in the number of gastric glands in each preparation 
as well as variations in pepsinogen content of different 


preparations. 


Statistical Analysis 


In each experiment all incubations were performed in 
quadruplicate. Experiments were repeated in four or more 
rabbits for each agent. Thus, each cited value represents 
the mean of 16 or more PNG determinations. Mean val- 
ues of stimulated PNG secretion (expressed as per cent) 
of total were compared to unstimulated values in the same 
rabbit using Student’s t-test for unpaired data, with sig- 
nificance at p < 0.05. 


562 
w 
MECHANISM 
r 
Gy cAMP 


HE aes H 
E Pr iT 
CooL Ca CaM 





dasrévenw 


NET PEPSINOGEN SECRETION 
bi 
LEESI 
piijo 
i } a 





CARBACHOL 
10°M 


ISOPROT. 
10°M 





FiG. 4. Stimulation of pepsinogen secretion from IGG by maximal doses 
of secretagogues that activate cAMP or calcium—calmodulin Cat +- 
CaM) second messenger systems via membrane bound receptors. Results 
are shown as Mean + SEM and are expressed as net pepsinogen secreted, 
Le., per cent of the total pepsinogen secreted above baseline levels. Probes 
acting through either cAMP or C-C systems significantly {p < 0.05) 
increased pepsinogen secretion above unstimulated levels. 


Results 
Receptor-activated Adenylate Cyclase Agenis 


Isoproterenol increased PNG secretion significantly 
above baseline levels over the concentration range from 
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Fic. 5. Stimulation of pepsinogen secretion from IGG by maximal doses 
of secretagogues that bypass membrane receptors directly activating 
cAMP or calcium—calmodulin (Ca++~CaM) second messenger systems. 
Results are shown as Mean + SEM and are expressed as net pepsinogen 
secreted, ie., per cent of the total pepsinogen secreted above baseline 
levels. Forskolin and 8-bromo cAMP, which directly activate cAMP 
mechanisms, produced the greatest increase of pepsinogen secretion above 
unstimulated levels. 
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1077 to 10°* M (p < 0.05). The results of a representative 
dose-response experiment giving PNG release as a func- 
tion of isoproterenol concentration are shown in Figure 
1. The stimulatory effect of 1074 M isoproterenol was not 
significantly greater than the effect of 107° M (p > 0.05). 
Isoproterenol 10~° M significantly increased PNG release 
(Fig. 4), by 3.5 + 0.9% of total gland PNG above the 
baseline value (p < 0.05). 

Histamine, tested repeatedly in concentrations from 
107% to 107° M, failed in every experiment to stimulate 
PNG secretion significantly above unstimulated levels (p 
> 0.05). A net PNG release of —0.02 + 0.30% of total 
gland PNG (not shown) was produced by 107% M hista- 
mine. 


Direct Activation of Adenylate Cyclase 


Forskolin caused a marked stimulation of PNG secre- 
tion over the concentration range from 107 M to 1074 
M. In a representative experiment (Fig. 3), net PNG re- 
lease in response to forskolin at 107’ M and higher con- 
centrations was significantly greater than unstimulated 
release (p < 0.05). There was no significant increase in 
PNG secretion between 10°° and 1074 M (p > 0.05). In 
a series of experiments (Fig. 5), forskolin 107° M stimu- 
lated net PNG secretion significantly, by 10.6 + 3.8% of 
total gland PNG (p < 0.05). 


Effects of a CAMP Analog 


8-bromo cAMP was a highly effective stimulus for PNG 
release. Thus (Fig. 5) 8-bromo cAMP, 107? M, evoked a 
net increase of 13.8 + 4.5% in PNG secretion (p < 0.05). 


Receptor-activated Calcium-Calmodulin Systems 


Carbachol 107° M significantly stimulated PNG release 
(Fig. 4), by 5.1 + 2.2% of total gland PNG over basal 
levels (p < 0.05). In preliminary dose-response experi- 
ments, CCK-§ was tested at concentrations from 107!! 
M to 10°’ M (Fig. 2). PNG secretion was significantly 
stimulated (p < 0.05) over baseline levels by CCK-8 at 
concentrations from 107'° M to 107’ M, inclusive. There 
was no significant difference in CCK-8 stimulation be- 
tween 107% M and 107’ M (p > 0.05). In a series of ex- 
periments (Fig. 4), CCK-8 10°’ M significantly raised 
PNG secretion with respect to baseline, by 5.3 + 1.5% of 
total gland PNG (p < 0.05). 


Effects of a Calcium Ionophore 
A23187 at a dose of 10°° M (Fig. 5) significantly in- 


creased secretion over baseline levels by 2.1 + 1.1% of a 


total gland PNG (p < 0.05). 
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Comparative Effectiveness of the Probes 


Forskolin and 8-bromo cAMP were the most effective 
of the seven agents tested. Stimulation of pepsinogen se- 
cretion was significantly greater (p < 0.05) for these two 
agents than for any of the others except carbachol (p 
> 0.05). Carbachol, CCK-8, and isoproterenol stimulated 
about one third to one half as much pepsinogen release 
as forskolin and 8-bromo cAMP. There was no significant 
difference (p > 0.05) between the levels of stimulation for 
carbachol, CCK-8, isoproterenol, and A23187. 


Discussion 


The use of isolated gastric gland preparations permits 
the study of chief cell function in a simple, controlled 
environment. In the intact animal, chief cell function can 
be affected by alterations in blood pressure, shunting of 
blood past capillary beds, parasympathetic and sympa- 
thetic input, circulating hormones, and unrecognized 
regulatory systems. With IGG such extrinsic influences 
can be eliminated. The composition of the medium can 
be precisely controlled. Identical aliquots of cells from 
one animal can be simultaneously observed under differ- 
ent conditions. Thus, the direct effects of secretagogues 
on chief cells are more readily and unambiguously inter- 
preted in this experimental system. 

IGG are not a homogeneous population of chief cells. 
This functional gastric unit, the gastrone, consists of a 
mixture of parietal cells, chief cells, and small round cells. 
This last group consists mostly of endocrine cells. The 
function of these endocrine cells is not understood. Al- 
though IGG allow the study of chief cells in a simplified 
environment, these endocrine cells may be imparting an 
unrecognized paracrine influence on chief cell function. 

In some respects isolated chief cell preparations rep- 
resent an even simpler system than IGG.'!° However, at 
least at the present time IGG have certain advantages 
over the isolated cell system. The calcium-free chelating 
media required for breaking tight junctions between cells 
may affect the function of calcium-dependent systems. 
The density-gradient centrifugation required for separat- 
ing enriched cell fractions may alter or injure exposed 
membrane receptors. With disruption of the fundic glands, 
chief cells lose their polarity and become leaky. Until these 
potential limitations of the isolated chief cell preparation 
can be evaluated, the IGG preparation may offer the best 
avdilable means of studying chief cell function in a con- 
trolled physiological environment. 

Of the seven agents tested as potential secretagogues in 
this study, only histamine failed to stimulate the secretion 
of PNG over unstimulated levels at any of the concen- 
trations used (p > 0.05). All the remaining agents caused 


„a Significant stimulation of PNG release (p < 0.05). The 


results of these experiments suggest that PNG secretion 


DUAL MODULATION OF PEPSINOGEN SECRETION 


563 


by IGG can be stimulated by at least five distinct classes 
of agents falling into two main categories: (1) agents that 
activate CAMP systems and (2) agents that probably ac- 
tivate C-C systems. 

The observation that forskolin and 8-bromo cAMP 
were the two most effective stimulators of PNG secretion 
supports the proposal that CAMP may play a physiological 
role in the control of PNG secretion. It is probable that 
cAMP is an important intracellular regulator of this pro- 
cess. 

In this study, we have examined the effects of seven 
contrasting functional probes on PNG secretion. Each 
probe stimulates cellular function by a distinctive mech- 
anism. Histamine binds to specific membrane H2 recep- 
tors, activating adenylate cyclase in rabbit gastric mu- 
cosa,'* resulting in an increase in intracellular cAMP.” 
In rabbit IGG, histamine stimulation results in acid se- 
cretion and intrinsic factor secretion from the parietal 
cells in a dose-cependent manner.’*'* In the present study, 
however, histamine (107% M) failed to stimulate PNG se- 
cretion significantly above baseline values. We may thus 
conclude that histaminergic mechanisms are not primary 
modulators of PNG secretion in rabbit chief cells. A pos- 
sible explanation of PNG release in response to histamine 
in some intact-animal experiments is that histamine 
stimulates acid secretion, which can then reflexly stimulate 
the release of PNG. Alternatively, histamine may release 
other bioactive agents that are capable of stimulating PNG 
secretion. Although it is well documented that parietal 
cells in various species such as rabbits have H2 receptors, 
our data suggest that chief cells in the rabbit have none. 

Isoproterenol (107° M) significantly increased PNG se- 
cretion above baseline levels (Fig. 4). Whereas isoproter- 
enol stimulates adenylate cyclase and increases cAMP 
content in rabbit IGG,!'' it does not stimulate acid or in- 
trinsic factor secretion.'* Thus, beta-adrenergic catechol- 
amines acting through membrane adenylate cyclase and 
intracellular cAMP contribute to the regulation of PNG 
secretion in the rabbit. 

Although isoproterenol was an effective stimulus for 
PNG secretion, its maximum effect was approximately 
half that of either forskolin or 8-bromo cAMP (Figs. 4 
and 5). This observation suggests that it is not possible to 
stimulate chief cell adenylate cyclase fully by stimulating 
beta-adrenergic receptors. There are at least two possible 
explanations for this observation. Such a limitation might 
occur if other receptors are preferentially coupled to a 
portion of the chief cell adenylate cyclase. Alternatively, 
in a mobile receptor-cyclase system, there may be an ex- 
cess of adenylate cyclase catalytic subunits over receptor 
molecules, perhaps to ensure optimum response with a 
limited number of receptors. 

The diterpene forskolin is isolated from the roots of 
Coleus forskohlii and has been reported to activate ade- . 
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nylate cyclase by direct effect on its catalytic subuni 
In the present study, forskolin significantly increased PNG 
secretion (Fig. 5). Forskolin has been reported to cause 
accumulation of cAMP in all tissues tested.'° In particular, 
forskolin stimulates cAMP accumulation and activates 
cAMP-dependent protein kinases in isolated rabbit 1GG.'° 
It does not increase cAMP accumulation by inhibition of 
phosphodiesterase. Activation of adenylate cyclase by 
forskolin is reversible and independent of guanyl nucleo- 
tides, and it does not appear to depend on membrane 
receptors. Phentolamine (alpha-adrenergic blocker), pro- 
pranolol (beta-adrenergic blocker), and cimetidine (H2 
blocker) are ineffective in inhibiting forskolin-stimulated 
cAMP accumulation in brain slices. It is believed that 
forskolin acts directly at the adenylate cyclase enzyme 
complex consisting of the guanyl nucleotide binding sub- 
unit and the catalytic subunit.'* Thus, forskolin can stim- 
ulate pepsinogen secretion in IGG by bypassing mem- 
brane receptors and directly activating adenylate cyclase. 

Our observations with the cAMP analog 8 bromo- 
cAMP (8B) support the hypothesis that cAMP is an im- 
portant modulator of PNG secretion. 8B was the most 
effective stimulator of PNG secretion tested in this study 
(Fig. 5). The results are consistent with those found in 
rats!” and guinea pigs,'° where cAMP analogs are potent 
stimulators of PNG secretion in vitro. 

Carbachol, an acetylcholine analog that binds to mus- 
carinic receptors, does not alter the cAMP content of gas- 
tric glands.” The mechanism of action of muscarinic 
agents on gastric glands is not known in detail; however, 
it appears that they function via the C-C system. In iso- 
lated pancreatic acini, carbachol elevates the cytoplasmic 
calcium concentration'® and increases phosphorylation 
of intracellular proteins in a pattern suggesting stimulation 
of a calmodulin-dependent protein kinase.'? Studies with 
acetylcholine in rabbit IGG by Berglindh and colleagues”? 
have shown that cholinergic stimulation of acid secretion, 
as measured by '*C-aminopyrine accumulation, requires 
the presence of extracellular Ca+ exceeding at least 107° 
M. This suggests that some part of the cholinergic mech- 
anism involves an influx of extracellular Ca++. In con- 
trast, histamine-stimulated acid secretion did not require 
the presence of such high calcium levels within the me- 
dium. In the present study, carbachol (107° M) signifi- 
cantly increased PNG secretion (Fig. 4). These results are 
consistent with the possibility that carbachol stimulates 
PNG secretion from chief cells by activating systems me- 
diated by C-C. 

The hormone cholecystokinin (CCK) is a 33-amino 
acid peptide. CCK-8, the cholecystokinin octapeptide used 
in this experiment, is identical to the C-terminal octa- 
peptide of CCK, and the C-terminal pentapeptides of 
CCK, CCK-8, and gastrin are identical to each cther. 
CCK-8 occurs naturally and has bioactivity similar to that 
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of CCK in many systems. CCK-8 has been found in pig 
brain,”! and CCK-8 immunoreactivity has been identified 
in the small intestine.” In the present study, CCK-8 in- 
creased PNG secretion above unstimulated levels by 5.3 
+ 1.5% of total gland PNG. CCK-8 reportedly stimulates 
PNG secretion sixfold in dispersed guinea-pig chief cells?’ 
and fourfold in dispersed rat gastric glands.'’ CCK-8 does 
not appear to act through cAMP mechanisms in rabbit 
IGG, since adenylate cyclase activity in rabbit IGG does 
not increase following CCK-8 stimulation.?? Absence of 
calcium from the medium inhibits CCK-8-stimulated 
chief cell function.” Furthermore, phosphorylation stud- 
ies are consistent with the interpretation that CCK-8 acts 
through C-C-dependent protein kinases.'” Thus the evi- 
dence suggests that CCK-8 stimulates PNG secretion 
through C-C-dependent mechanisms. 

The cytosolic concentration of free calcium ions in most 
cells is normally in the submicromolar range. The iono- 
phore A23187 selectively promotes the transport of cal- 
cium ions across biological membranes, thus transiently 
elevating the cytosolic concentration of free calcium 
ions.“4 In this study, A23187 modestly increased PNG 
secretion above basal levels. A moderate increase in PNG 
secretion has been observed with this agent in dispersed 
glands from rats.” The limited magnitude of this response 
may reflect the observation that A23187 may cofunction 
as a protonophore. It is possible that the resultant alter- 
ation of intracellular pH might alter the PNG secretory 
capacity. These observations further support a role for C- 
C systems in PNG secretion. 

In summary, these experiments clearly support a dual 
modulation of pepsinogen secretion. Thus, isoproterenol 
and forskolin (adenylate cyclase activators), as well as the 
cAMP analogue 8 bromo-cAMP, significantly stimulate 
pepsinogen secretion in IGG. In addition, carbachol, 
CCK-8, and A23187, which all act via C-C systems, stim- 
ulate pepsinogen secretion. It is therefore possible that 
both cAMP and C-C systems participate in the modu- 
lation of pepsinogen secretion from rabbit chief cells. 
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Distal Splenorenal Shunt for Management of 
Variceal Bleeding in Patients with Schistosomal 


Hepatic Fibrosis 
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The distal splenorenal shunt was performed in 60 patients with 
schistesomal hepatic fibrosis in whom no evidence of cirrhosis 
was documented by preoperative needle and operative wedge bi- 
opsy. No patients have been lost to follow-up with a median of 
37 months (range: 17-86). The results showed low operative 
mortality (1.7%), high patency rate (92.5%), and low recurrent 
variceal hemorrhage (6.7%). Thrombosed shunts were treated 
either by refashioning the shunt (1 patient) or splenectomy and 
gastric devascularization (2 patients). Initial hyperbilirubinemia 
and reduction in serum albumin were found in the early post- 
operative period, with persistent hyperbilirubinemia in 32% of 
the patients. The 5-year survival was 88%, with liver disease 
related mortality in only three patients. Clinical encephalopathy 
was detected in three patients (5.1%); only one of them was in- 
capacitated. These data showed that: (1) selective shunt (distal 
splenorenal shunt, DSRS) is an effective surgical procedure in 
the treatment of schistosomal variceal bleeding, (2) shunt 
thrombosis is rare and can possible be corrected if detected early, 
(3) schistosomal patients have a better survival and a lower in- 
cidence of encephalopathy after DSRS than that reported in cir- 
rhotics, and (4) liver biopsy should be performed for proper as- 
sessment of the schistosomal population especially in the geo- 
graphic areas where the schistosoma parasite and viral hepatitis 
are endemic. 


LEEDING ESOPHAGEAL VARICES as a complication 
of portal hypertension is the most common cause 
of upper gastrointestinal hemorrhage in Egypt.’ 

It is the leading cause of death in patients with schisto- 
somal hepatic fibrosis and portal hypertension. Although 
the initial bleeding episode may be fatal, patients usually 
have multiple episodes extending over many years.” The 
economic impact of this disease is compounded by the 
fact that it affects individuals at the peak of their produc- 
tive life.” 
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Hepatic schistosomiasis represents the prototype of an 
intrahepatic presinusoidal block with normal architecture 
and cellular function.**°* Therefore, any protection against 
recurrent variceal bleeding with maintained portal per- 
fusion, in such patients with good hepatic reserve could 
only improve long-term survival and quality of life. 

Considerable controversy still exists regarding the 
choice of a particular operative procedure for the treat- 
ment of portal hypertensive syndrome.*'' The present 
knowledge of the hemodynamics of schistosomal portal 
hypertension is at best incomplete. As a result, the rec- 
ommendation for a surgical approach in the treatment of 
these patients has been used on personal bias or the un- 
proven assumption that their response to a given proce- 
dure is similar to those with alcoholic or posthepatitic 
liver disease. 

The objective of this work is to evaluate specifically the 
clinical and hemodynamic responses of schistosomal por- 
tal hypertensive patients to the selective distal splenorenal 
shunt (DSRS). Although the clinical outcome of selective 
shunt has been carefully analyzed in the cirrhotic popu- 


lation,'*:'? only a few scattered publications have focused 
on this surgical procedure in the schistosomal 
patients.'*'’ Because data emanating from the countries 


where schistosomiasis 1s endemic have suggested the co- 
existence of chronic active hepatitis and/or cirrhosis in 
patients with hepatosplenic schistosomiasis,'*”° our study 
design was based on accurate histological and serological 
diagnosis of hepatic pathology. 


Materials and Methods 
Patient Population 


The study population was a consecutive series of 60 
patients with hepatosplenic schistosomiasis, portal hy- 
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pertension, and variceal bleeding, managed by distal sple- 
norenal shunt between February 1978 and July 1984. 
These patients were part of a larger total population of 
371 patients seen over the same time interval managed, 
as shown in Table 1. All patients included in this study 
fulfilled the following criteria: 

(1) History of at least one major episode of variceal 
bleeding. The minimal time interval between the last var- 
iceal hemorrhage and surgery was 4-6 weeks. 

(2) Histological diagnosis of schistosomal hepatic fi- 
brosis by Tru-cut® needle and/or wedge biopsy with no 
evidence of coexisting cirrhosis. 

(3) No symptoms or signs suggestive of encephalopa- 
thy, schistosomal cor-pulmonale, and/or associated 
chronic peptic ulcer. 

' There were 59 male and 1 female patients with a mean 
(tSD) age of 36.5 + 10 years (range: 19-62). Clinical and 
laboratory assessment at presentation showed 49 Child’s 
class A, 10 Child’s B, and one Child’s C. _ 


Preoperative Evaluation 


All patients included in the study were subjected to 
stool and urine analysis, physical examination, hemato- 
logical studies, biochemical profile of liver and kidney 
functions, endoscopy, intravenous pyelography, cardio- 
pulmonary assessment, neuropsychiatric examination, 
abdominal ultrasonography, and liver biopsy. 

Stool and urine analyses were done for diagnosis and 
treatment of active schistosomal infestation. Rectal biopsy 
was done in negative cases to exclude closed active lesions. 

The clinical, hematological, and biochemical exami- 
nation focused on ascites, encephalopathy, platelet and 
white cell count, hematocrit, albumin, bilirubin, pro- 
thrombin time, serum glutamic transaminases, and fasting 
plasma ammonia. In addition, renal function, fluid and 
electrolyte status, and concomitant urinary or gastroin- 
testinal infection were assessed and managed before op- 
eration. en 

Endoscopic evaluation was done to document 
esophagogastric varices and exclude any associated gastric 
or duodenal lesions such as chronic ulcer or malignancy. 
Endoscopy was done before and after DSRS under the 
supervision of one endoscopist using a grading system 
derived from the method of Conn and Brodoff”! as fol- 
lows: Grade 0—no or submucosal esophageal or gastric 
veins; Grade I—varices with a diameter less than 3 mm; 
Grade Il—varices 3-5 mm in diameter; Grade [—var- 
ices with a diameter more than 5 mm. 

Intravenous pyelography was done for every patient 
included in the study to verify the position of the left 
kidney and to detect any obstructive lesions in the urinary 
tract. In those with obstruction, this was corrected prior 


ot to DSRS. 


The clinical examination of the cardiopulmonary sys- 
tem included electrocardiography (ECG) and echocardi- 
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TABLE 1. Total Population Referred between February 1978 
and July 1984 with Variceal Bleeding by Disease Etiology 


and Management Method 
Schisto- Post- 
somal hepatitic* Mixed* Total 
Selective shunt 60 54 36 150 
Splenectomy and 
ization 15 20 15 50 
Total shunts 15 5 8 28 
Other surgical therapy 
Splenectomy and coronary 
vasoligation 105 
Splenic artery and left 
gastric ligation 15 
Stappler esophageal trans- 
section 23 


Total population 371 


* Thirty per cent of these patients had chronic active hepatitis. 


ography. These were mandatory in all patients to exclude 
moderate and severe degrees of schistosomal cor-pul- 
monale, 

The neuropsychiatric evaluation was done by the de- 
partment of neurology and included neurological exam- 
ination and an electroencephalogram (EEG). Parson 
Smith grading” was used: grade C—mild; grade D— 
moderate; grade E—severe. 

Abdominal ultrasonography was done for the liver and 
spleen to assess size and exclude any concomitant hepatic 
or splenic lesions such as lymphoma and malignancy. 

Liver biopsy was done before operation by Tru-cut 
needle in 90% of the patients. 


Surgical Technique 


The standard distal splenorenal shunt, as described by 
Warren et al.,’ was applied to all patients with interruption 
of the collaterals connecting the gastrosplenic compart- 
ment to the portomesenteric axis. Operative time ranged 
from 4 to 5 hours. Blood loss was usually between 500- 
1000 ml. Temporary occlusion of the splenic artery during 
splenic vein dissection was helpful in minimizing blood 
loss. Thickening of the splenic vein wall with degenerative 
plaques was noticed in some patients but did not preclude 


‘ satisfactory anastomosis. In most patients wedge biopsy 


from the liver was taken. Routine sump drainage for 12 
hours was done in the majority of the patients. 


Longitudinal Follow-up 


All patients had follow-up studies at 3, 6, and 12 months 
and every year thereafter. The median follow-up time was 
37 months (range: 17-86), with no patients being lost to 
follow-up. 

Postoperative studies included all the preoperative 
clinical, biochemical, neurological, and medical assess- 
ments. Additionally, endoscopic evaluation was done at 
6 months, 1 year, and when clinically indicated. Liver 
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FiG. 1. Patent shunt on a transsplenic portogram. Note the large tortuous 
splenic vein with opacification of the inferior vena cava. 


biopsy was repeated in patients with suspected chronic 
active liver disease, especially in those with chronic hy- 
perbilirubinemia. 

Assessment of shunt patency. In 53 of the 60 patients, 
angiographic studies were done to assess patency of their 





Fic. 2. Angiographic documentation of shunt patency on the venous 
phase of splenic artery injection; rapid washout through the renal vein 
with good visualization of the inferior vena cava. 
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shunt. The lack of sophisticated angiographic equipment 
and technical support for routine visceral imaging early 
in the study dictated assessment of shunt patency for all 
patients by: 

(1) Visualization of the shunt with percutaneous 
transsplenic portography (Fig. 1). A 16-18 French cath- 
eter—trocar set was used with a fast manual injection of 
50-60 ml of contrast. 

(2) Reduction in the size of the spleen, which was 
measured by the distance of its palpable margin and lower 
pole from the left costal margin. 

(3) Reduction by one or more endoscopic grade in the 
size of the esophageal and gastric varices at 6-12 months. 
The same endoscopist supervised preoperative and post- 
operative assessment. 

Transsplenic portography was performed 3-6 months 
after surgery in 42 patients. In addition, earlier spleno- 
portography was done in six patients to rule out suspected 
shunt occlusion. Since 1984, hepatic and visceral angiog- 
raphy were available using the percutaneous femoral ac- 
cess, and the venous phase of splenic artery injection was 
used to confirm shunt patency in five patients (Fig. 2). 


Definitions 


Operative mortality was defined as death within 30 days 
of surgery or the same hospitalization. 

Rebleeding was defined as at least a 2-unit blood trans- 
fusion requirement and/or a drop of the hematocrit 
below 30%. 

Encephalopathy. In this study, clinical encephalopathy 
was defined as either acute or chronic mental confusion 
clearly related by the patient or a family member, or de- 
tection of disorientation by a neurologist who was un- 
aware of the surgical status of the patient. Confusion or 
coma prior to death from hepatic failure was excluded. 

Subclinical encephalopathy was the combination of 
hyperammonemia and abnormal EEG. 


Statistical Analysis 


Survival was analyzed by the Kaplan-Meier method.’ 
Changes in the biochemical data and variceal sizes were 
analyzed using paired t-test and Sign test, respectively. 


Results 
Survival 


The survival curve for the whole population is shown 
in Figure 3. The operative mortality was 1.7%. The overall 
survival currently is 86%. The causes and time of death 
in the five mortalities are given in Table 2. It is important 
to note that only three patients died from liver disease 
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Fic, 3. Kaplan-Meier survival plot for schistosomal patients after DSRS 
with cumulative survival of 86% and standard error of 2.9%. The mean 
(+SD) follow-up period for these patients was 41 + 24 months. The 
patient who died in an automobile accident is considered as censored 
observation. 


related complications, two of hepatic cell failure and the 
third of variceal hemorrhage. 


Shunt Patency 


Shunt patency was documented angiographically in 49 
of the 53 patients studied; giving a thrombosis rate of 
7.5%. Of the seven patients who did not have postoperative 
angiography, six had a benign clinical course with reduc- 
tion of variceal and splenic sizes, providing indirect evi- 
dence of shunt patency. The time scale to thrombosis in 
the four patients with angiographic evidence of shunt oc- 
clusion and the clinical course of these patients are given 
in Table 3. It is interesting to note that one of these patients 
developed a large splenoportal collateral (Fig. 4). Follow- 
ing a conservative medical treatment in this patient, there 
were no further bleeding episodes until he died from an 
automobile accident. 

Endoscopic evaluation of 55 patients before and at 6- 
12 months after DSRS showed a significant (p < 0.001) 
reduction in the size of varices. These changes are sum- 
marized in Table 4. 


Rebleeding 


Variceal rebleeding occurred in four patients for an in- 
cidence of 6.7%. Two had documented shunt thrombosis, 


TABLE 2. Deaths Following DSRS, with Time Interval 
and Cause of Death 





Time until Death 





(mo) Cause 
l Hepatic cell failure 
4 Hepatic cell failure 
18 Complication of transsplenic portography 
30 Automobile acc:dent 
78 Variceal hemorrhage 
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TABLE 3. Patients with Documented Shunt Thrombesis 
at Angiography, with Time and Clinical Course 
Size of 
Time Rebleeding Varices Management 
5 days ++ 2++ Refashioned shunt 
Splenectomy and 
7 days a 3+ devascularization 
Splenectomy and 
10 days + Ittt devascularization 
6 months ig 3t Conservative 





one had refashioning of the anastomosis, and the other 
had splenectomy and gastric devascularization (Table 3). 
The third died at 78 months and the status of his shunt 
was never known, while the fourth had patent shunt 
(1.7%). The variceal bleeding in the patient with patent 
shunt occurred on the seventh postoperative day, re- 
sponded to simple measures and did not require further 
surgery. Nonvariceal upper gastrointestinal hemorrhage 
occurred in another patient 8 days after surgery because 
of postoperative pancreatitis and gastric erosions. 


Ascites 


Five patients developed moderate ascites in the early 
postoperative period, which was resolved with salt restric- 
tion and diuretics at 3 months in four patients and at 12 
months in one patient. 


Encephalopathy 


Absence of encephalopathy before surgery was a cri- 
terion for patient selection. Three patients (5.1%) devel- 





Fic. 4. Thrombosed shunt with large splenoportal collateral on trans- 
splenic portogram 6 months after DSRS. 
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TABLE 4. Endoscopic Changes in Variceal Size in 55 Patients 
Evaluated prior to and 6-12 Months after DSRS 


Preoperative 
Postoperative Grade 
No. of 
Grade* Patients 0 I ji Hl 
I 2 2 -~ — —- 
H 16 1] 5 — — 
Hl 37 15 © 20 2 — 


* Grades defined in the text. 


oped clinical encephalopathy at some time during the fol- 
low-up period. The onset of encephalopathy was asso- 
ciated with impairment of hepatocyte function, as shown 
by elevated serum bilirubin and fasting ammonia levels 
(Table 5). 

Restriction of dietary protein combined with lactulose 
and neomycin therapy reduced the degree of clinical en- 
cephalopathy with improvement in the functional capac- 
ity. Only one patient was unable to return to his normal 
daily productivity. 

Subclinical encephalopathy was detected in three pa- 
tients with abnormal EEG and high fasting plasma am- 
monia level. They had no limitation in their daily activity. 


Biochemical Data 


Serum albumin, bilirubin, and prothrombin time be- 
fore and | week after operation were analyzed in most of 
the patients. For long-term results, patients were divided 
into three subsets according to the length of their last fol- 
low-up. 

Immediate postoperative changes showed significant 
reduction in albumin (p < 0.01) and increase in bilirubin 
(p < 0.001), with no significant change in prothrombin 
time (Table 6). At last evaluation time, the changes for 
patients in each category are given in Table 7. While sta- 
tistical significance can be shown for increases in bilirubin 
and reduction in albumin at some time points, mainte- 
nance of albumin above the mean of 3.5 g/dl and bilirubin 
below 2.5 mg/dl suggests that these changes are not of 
clinical significance. 

The most recent biochemical profile of all patients 
showed chronic hyperbilirubinemia in 19 patients (32%), 
with a total serum bilirubin ranging from 2 to 5.3 mg/dl 


TABLE 5. Patients with Clinical Encephalopathy 


Fasting 
Clinical Onset Ammonia Bilirubin 
Degree (mo) (ug/dl) (mg/dl) EEG 
Severe 6 140 4,3 C 
Moderate 24 110 2.3 ve 


Mild 6 130 3.2 B 


Normal range of plasma ammonia in our laboratory is 5-83 ug/di. 
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TABLE 6. Seven to Ten Day Postoperative Changes in Serum Albumin, 
Bilirubin, and Prothrombin Time* 





Preop Postop p Value 
Albumin (N = 52) 400.4 3.6 + 0.6 <0.01 
Bilirubin (N = 50) 1.0+0.4 L307 <0.001 
Prothrombin time 
(N = 52) (+sec) 14+ 1.0 1.31.0 NS 


* Normal values: albumin, 3-5.2 g/dl; bilirubin, 0.2-1.2 mg/dl. 


and a mean of 3.0 + | mg/dl. Their preoperative total 
serum bilirubin was | + 0.4 mg/dl. None of these patients 
developed viral hepatitis or cirrhosis after surgery, as 
shown by liver biopsies and/or serological studies for viral 
hepatitis. 


Hemodynamic Studies 


The preliminary results of the preoperative imaging 
studies showed some of the angiographic features asso- 
ciated with hepatosplenic schistosomiasis. The hepatic 
wedge injection showed a homogenous parenchymogram 
with nondistorted hepatic veins. The splenic artery injec- 
tion showed a large tortuous splenic artery and huge spleen 
(Fig. 5). Visualization of the portal system is variable, 
depending on contrast dilution. but the portal vein was 
usually better seen on the venous phase of splenic artery 
injection than on the superior mesenteric artery injection. 

In the five patients with angiographic studies | year 
after DSRS, portal perfusion was maintained in all pa- 
tients with minimal collateral formation (Fig. 6). 


Discussion 


A few reports are available in the English literature 
dealing with selective shunt in the schistosomal popula- 
tion." Most of these studies consist of a small series 
with incomplete and short term follow-up. Also none of 
these reports has emphasized the importance of histolog- 
ical diagnosis of hepatic schistosomiasis. Therefore, the 
possibility of coexistence of other entities of liver disease 
such as cirrhosis and chronic active hepatitis cannot be 
excluded in such studies. 

This current study represents the largest consecutive 
series of patients, with histologically proven schistosomal 
hepatic fibrosis, treated with selective splenorenal shunt. 
It is also the first clinical trial to address long-term survival 
after DSRS in this patient population. 

Some technical aspects of the DSRS procedure in 
schistosomal patients need to be addressed. The large size 
of the spleen and the congestion in the gastrosplenopan- 
creatic compartment, particularly during clamping of the 
splenic vein, carry the potential for significant blood loss. 
Routine temporary clamping of the splenic artery prior 
to dissection of the splenic vein has proved to be very 
helpful in minimizing blood loss. Splenic arterial clamping 


Siete 
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TABLE 7. Late Postoperative Changes in Serum Albumin, Bilirubin, end Prothrombin Time 
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Albumin (g/dl) 
Preop Postop 
12-24 months (N = 17) 4.1 0.3 3.6 + 0.5t 
36-48 months (N = 10) 4.3+04 3.8 +0.3* 
60-84 months (N = 13) 3.7+0.5 3.8+0.4 


* p< 0.01 from preop. 


also facilitates dissection of the partially collapsed large 
splenic vein, especially during ligation and interruption 
of the pancreatic tributaries. This dissection also proved 
to be less complicated in schistosomal patients as com- 
pared to alcoholics because of the soft pancreas and min- 
imal splenopancreatic adhesions. One other feature that 
needs to be emphasized is the excessive tortuosity of the 
splenic vein in some of these cases, Special care is needed 
in aligning the transsected splenic vein with the renal vein 
because of the increased risk of kinking the former. 
Splenocaval anastomosis is another option in such cases, 
particularly if there is excessive separation between the 
splenic and left renal vein. It is important to mention that 
thickening or degenerative plaques of the wall of the 
splenic vein in the hilar segment are not contraindications 
for selective shunt. 

The preoperative Child’s A/B classes for most of the 
patients with an operative mortality of 1.7% emphasize 
the good surgical risk and improved liver reserve in schis- 
tosomal population. This is in agreement with the findings 
reported by the Brazilian investigators.'* The reported 
operative mortality from centers where only alcoholic or 





Fic. 5. This splenic arteriogram shows large tortuous splenic artery and 
huge schistosomal spleen. 


Bilirubin (mg/dl) Prothrombin Time (+sec) 
Preop Postop Preop Postop 
1.2+0.4 2.3 ana PR 2.0+0.9 wok lt 
L.1+0.5 LIES Li+0.6 0.9+0.6 

0.6 £0.2 1.6 + 0.8* bo 2 e L313 





+ p< 0.05 from preop. 


posthepatitic patients are seen is considerably higher 
(range: 1-16%), with liver cell failure being the primary 
cause of death in these series. 137 

The high patency rate of selective shunt in the schis- 
tosomal patients 1s well documented in this series (92.5%). 
The large size of the splenic vein, hence the size of the 
shunt, the high flow rate in the hyperdynamic splenic 
compartment, and the fact that it is a vein-to-vein anas- 
tomosis explain this high patency rate. Shunt failure is 
mainly due to technical errors in these cases. Postoperative 
pancreatitis is another factor that may lead to shunt 
thrombosis, although schistosomal patients seem to be 
less prone to this complication than is the alcoholic pop- 
ulation. 

Because of the hyperdynamic circulation in the splenic 
compartment of the schistosomal patients, thrombosis of 
a selective shunt is expected to create a higher degree of 
venous congestion than in cirrhotics. These patients are 
then at a higher risk of developing variceal hemorrhage 
in the early postoperative period. In one instance in our 
series, the patient developed splenoportal collaterals that 
seemed to protect him against this complication. 

Because of this increased risk of rebleeding, early rec- 
ognition and correction of shunt failure are strongly rec- 





Fic. 6. Good portal perfusion on the venous phase of SMA in a schis- 
tosomal patient | year after DSRS. 





S Ẹ 
= = 
D “A 
x as 
O Ale Cir 
©  Non-Alc 
A Years B 
Warren et al 


Ann Surg 1982 


ommended to prevent death from exsanguination. If the 
shunt cannot be salvaged, the surgeon has a choice be- 
tween a total shunt or splenectomy with gastric devas- 
cularization. However, total shunt has two major disad- 
vantages in this situation. First, it might fail to immedi- 
ately decompress the splenic compartment: second, it 
exposes the patient to the risk of developing disabling 
encephalopathy. Our preference in these cases is to do 
splenectomy and gastric devascularization. It is question- 
able whether sclerotherapy would give lasting protection 
against variceal bleeding in these occluded patients. How- 
ever, in patients with a patent shunt, sclerotherapy is a 
valuable technique in the control of variceal bleeding until 
the shunt attains its maximal decompressive effect. 

Our results indicate that DSRS is highly effective in 
protecting against a recurrence of variceal bleeding. Only 
four patients had variceal rebleeding (6.7%), and one of 
these four had a patent shunt (1.7%). For reasons that are 
not clear to us, the Brazilian it.vestigators reported a higher 
incidence of rebleeding after selective shunt in their schis- 
tosomal patients.'* They cited an incidence of 16.6% but 
did not elaborate on the causes of bleeding, nor did they 
specify the functional status of the shunt in those patients. 

Ascites was a minimal problem during the postoperative 
period and nonexistent at the end of the first year. The 
Brazilian group has reported a 10% incidence of ascites 
after DSRS in their patient population.'* This overall in- 
cidence of early postoperative ascites in the schistosomal 
patients compared to the cirrhotic population (10-56%)! 
may be related to good liver reserve and lower sinusoidal 
pressure in schistosomal hepatic fibrosis.4 

The significant drop in albumin and increase in bili- 
rubin, in both the immediate postoperative period and 
also at late follow-up, reflects some degree of parenchymal 
involvement in schistosomal hepatic fibrosis? that be- 
come accentuated after DSRS. This encroachment on the 
hepatic reserve may be explained by impairment in the 
perfusion of hepatocytes due to sinusoidal obstruction by 
extensive hepatic fibrosis,” and deposition of collagen 
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Fics. 7A and B. Kaplan- 
Meier survival plot for pres- 
ent study (schistosomal) 
compared to Emory series 
(cirrhotics). Five-year sur- 
vival is 88% in schistosomal 
patients (8), 70% in nonal- 
coholics, and 40% in alco- 
holic patients (A). 


n= 60 


Schistosoma! Hepatic Fibrosis 


in the perisinusoidal (Disse) spaces.*' In addition, the 
piecemeal necrosis in the periportal areas and the periph- 
eral nodules formed in the hepatic parenchyma under- 
neath the liver capsule* may also indicate some degree of 
parenchymal damage in these patients. 

One of the important findings of this study is the initial 
and chronic rise in total serum bilirubin (32%). The initial 
rise can be reduced by temporary clamping of the splenic 
artery, especially during interruption of the splenic outflow 
and shunt performance (unpublished data from our cen- 
ter). Chronic hyperbilirubinemia in these patients is 
usally associated with reasonable serum albumin and 
normal prothrombin time. Similar observations have been 
made by other investigators.'**° Theoretically, this hy- 
perbilirubinemia may be attributed to a hemolytic mech- 
anism as well as reduced clearance by the liver. The in- 
creased hemolysis can be explained by the increased tur- 
bulent splenic blood flow in the splenic sinusoidal bed 
and across the splenorenal anastomosis. Also, impaired 
clearance possibly may be due to hepatocellular dysfunc- 
tion and/or diversion of the hemolytic pigments away 
from the liver.'* These assumptions need further hema- 
tological and hemodynamic investigations. 

The quality of life after shunt therapy is largely deter- 
mined by the presence or absence of encephalopathy. With 
the hemodynamic and metabolic advantages of selective 
shunt, clinical encephalopathy was detected in only 5.1% 
of our series. The reported higher incidence (13.3%) in 
the same population by the Brazilian group'* may reflect 
the broad spectrum of this syndrome with the lack of 
clear-cut criteria for its diagnosis and evaluation. The on- 
set of encephalopathy in our patients was associated with 
evidence of impairment in the hepatocyte functions. The 
lower incidence of postselective shunt encephalopathy in 
the schistosomal patients as compared to that in cirrhotics, 
12% in the first 5 years and up to 27% at 10 years,!34 
emphasizes the importance of underlying liver disease as 
a factor in the development of this complication. 

The interrelationship between liver pathology and sur- 
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vival after selective shunt has been addressed by other in- 
vestigators.'2>? Our study of schistosomal patients showed 
a 5-year survival rate of 88% as compared to 40% in al- 
coholic and 70% in nonalcoholic patients'*'? (Fig. 7). 

Our results substantiate the superiority of DSRS in the 
mänagement of variceal bleeding in the schistosomal 
population. Postshunt encephalopathy is sharply reduced 
as compared to total shunt operations.'*** Also, the fa- 
vorable 5-year survival rate after the selective shunt as 
compared to the total shunts underscores the importance 
of preservation of portal perfusion. Compared to nonshunt 
operations, DSRS is a far more effective procedure in pro- 
tecting the patients against recurrence of variceal hem- 
orrhage. 

In view of these findings, removal of the spleen should 
be avoided in the schistosomal patients. Variceal hem- 
orrhage in splenectomized patients can be managed by 
sclerotherapy, which may not be effective in many of these 
patients. 


Conclusion 


This clinical trial proves that DSRS is effective in the 
management of variceal hemorrhage in schistosomal pa- 
tients. The operative mortality of the procedure was 1.7%. 
Recurrent variceal hemorrhage occurred in only 6.7%. 
Five-year survival was 88%. Of particular importance was 
the reduced incidence of clinical encephalopathy of 5.1%. 
This low incidence of postshunt encephalopathy is of great 
value in allowing these patients to maintain gainful em- 
ployment. Until the role of sclerotherapy as a definitive 
method of treatment is fully investigated, we consider the 
selective shunt as the method of choice for the treatment 
of variceal hemorrhage in the schistosomal patients. 
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The performance of a new dialysis prosthesis designed to self- 
seal after puncture was tested ex vivo and in vivo. It consists of 
two coaxial polytetrafluoroethylene tubes (PTFE), the space be- 
tween them filled with silicone rubber sealant (PTFE~sil). (1) 
Ex vivo: Three PTFE-sil, three double PTFE (without silicone), 
and three single PTFE grafts were placed sequentially between 
scribner shunts in the hind limb of four dogs. Bleeding on punc- 
turing with an 18-gauge needle was measured for 30 secends. 
PTFE-sil bled less than the controls (g): PIFE-sil; 16 + 18; 
double PTFE: 32 + 10; single PTFE: 52 + 19 (p < 0.001). (2) 
In vivo: Six PTFE-sil and five single PIFE grafts were inter- 
posed between the carotid artery and jugular vein of dogs and 
were punctured with a 16-gauge needle on days 1, 3, and 7. 
Bleeding was measured through an incision over the puncture 
site at 5 minutes. In 11 punctures of PTFE-sil, there was no 
bleeding; three bled less than 20 g. In 13 control punctures, none 
bled less than 70 g. (3) Patency: Grafts were studied for patency 
in arteriovenous (AV) fistulas in 34 dogs. Each dog received a 
PTFE -sil graft in one groin and a single PTFE control graft in 
the other. At 4 months, patency rates were: PTFE-sil, 84%; 
single PTFE, 87% (NS). Four months after implantation, he- 
mostasis after puncture in PTFE-sil grafts required 70 + 49 
seconds versus 207 + 48 seconds for PTFE grafts (p < 0.005). 
In conclusion, PTFE-sil grafts are self-sealing, can be used im- 
mediately after implantation, and need minimal compression after 
needle removal. 


ternal ateriovenous (AV) fistula! is the angioaccess 

of choice for maintenance hemodialysis. When this 
type of fistula cannot be created for anatomical reasons, 
an interposition AV fistula is normally constructed using 
artificial or biological grafts. Common complications as- 
sociated with the use of these accesses stem largely from 
the profuse bleeding that occurs when the graft is punc- 
tured with dialysis needles. This problem is particularly 
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acute in the first few weeks after implantation, when the 
graft is not yet incorporated by the surrounding tissue. 
Thus, it is generally accepted that it is inadvisable to use 
the access before a period of maturation of 1-4 weeks. 
Even after such a maturation period, bleeding on puncture 
is a common occurrence, frequently leading to the for- 
mation of perigraft hematomas and pseudoaneurysms.~!® 

The present report evaluates a new graft designed to 
self-seal after needle puncture, thereby preventing the oc- 
currence of bleeding. 


Materials and Methods 


Vascular Grafts 


The experimental graft (PTFE-sil) consisted of two 
coaxial reinforced expanded polytetrafluoroethylene grafts 
(Gore-Tex®, W. L. Gore and Associates, Inc. Flagstaff, 
AZ). The inner graft measured 2 mm less in diameter 
than the outer, and the space between the grafts was filled 
with silicone rubber sealant (Silastic®, Dow Corning Corp., 
Midland, MI) (Fig. 1). The construction of the graft was 
carried out as follows: The smaller graft was placed on a 
plastic mandril of the same diameter, and the larger graft 
was slipped over and positioned in the middle of the as- 
sembly. One end of the space between the two grafts was 
sealed with silicone sealant and left to cure for 24 hours. 
At the end of this period, the remaining space was filled 
with the silicone rubber sealant using a syringe pump. 
The graft was then rolled between two glass plates to obtain 
a uniform distribution of the sealant. The graft was placed 
on a corkboard and held in the desired shape, usually a 
curve, with pins. After 24 hours, the mandril was removed 
and the graft was sterilized by autoclaving. 
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Control grafts consisted of single PTFE grafts and 
coaxial double grafts constructed in a fashion similar to 
the experimental ones but without silicone rubber sealant 
filling. 

Ex Vivo Perfusion Puncture Experiment 


Four dogs were used in this experiment. Three types 
of grafts were tested: (1) experimental graft: PTFE-sil (in- 
ner graft: 4 mm inside diameter (ID); outer graft: 6 mm 
ID), (2) single PTFE control graft (4 mm ID), (3) double 
coaxial control grafts: coaxial double PTFE graft (inner: 
4 mm ID; outer: 6 mm ID) without silicone filling. The 
grafts were tested as follows. External Silastic shunts (Ex- 
tracorporeal, King of Prussia, PA) were placed between 
the femoral artery and femoral vein. Each of the grafts to 
be tested was placed between the arterial and venous arms 
of the shunt and secured with silk ties. The three types of 
grafts were inserted three times in various sequences in 
each dog (9 measurements per dog). All grafts were punc- 
tured with an 18-gauge needle. Intraluminal pressure 
measurements were carried out with each puncture in 
order to ascertain that the grafts were patent and that 
pressure conditions remained constant. After the needle 
was removed, each graft was allowed to bleed freely into 
a plastic measuring cup for 30 seconds. The blood loss 
was measured by weighing the cup before and after 
bleeding. 


Acute Puncture Experiment of in Vivo Arteriovenous In- 
terposition Grafts 


A fistula utilizing a graft was constructed between the 
right carotid artery and the left external jugular vein in 
11 dogs. The grafts were passed through a subcutaneous 
tunnel in the posterior aspect of the neck. Six dogs received 
the PITFE-sil graft (inner tube: 6 mm ID; outer tube: 8 
mm ID). A 6 mm diameter PTFE graft was used as control 
in five dogs. Each graft was punctured with a 16-gauge 
dialysis needle on days 1, 3, and 7 following the construc- 
tion of the AV fistula. Five minutes after the needle was 
removed, a small incision was made over the puncture 
area. The blood was absorbed with sponges, which were 
then weighed to estimate the amount of blood present. 
In some cases, a rapidly increasing hematoma required 
early intervention and control of bigednig with a 6-0 Pro- 
lene® stitch on the graft itself. 


Patency of PTFE-Sil Grafis 


Thirty-four dogs were used in this experiment. PTFE- 
sil grafts (inner graft: 6 mm ID; outer grafts: 8 mm ID, 
and 10 cm in length) were placed in the groin of the in- 
dividual dogs as interposition loop AV fistulae between 
the side of the femoral artery and the proximal end of the 
femoral vein. Control grafts (single PTFE: 6 mm ID) were 


PTFE-SILICONE GRAFT FOR HEMODIALYSIS 


575 


OUTER PTFE TUBE 





INNER PTFE TUBE 


OUTER PTFE TUBE 


INNER PTFE TUBE 
SILICONE 


Fic. 1. Side view and cross-section of PTFE-sil grafts. 


placed in the opposite groin in each dog. The side (right 
or left) of experimental and control grafts was alternated 
in each successive recipient. Graft patency was tested daily 
by palpation and auscultation over the graft. Occluded 
grafts were explored to determine the cause of occlusion 
and removed for histologic examination. All dogs were 
followed for 4 months. At that time, all but four of the 
dogs had the grafts removed for histologic examination. 


Late Puncture Experiment 


Four dogs that had completed the 4-month follow-up 
of the patency experiment were selected. Experimental 
and control grafts were punctured twice a week for 4 weeks 
with a 16-gauge dialysis needle. 

The time required to stop the bleeding with very light 
pressure and the patency of these grafts at the time of 
puncture were recorded. At the end of the experiment, 
all grafts were removed for histologic examination. 


Histology of Grafts 


Grafts were removed and immediately placed in 10% 
neutral-buffered formalin and stained with hematoxylin 
and eosin for light microscopy. Other specimens were fixed 
in 2.5% glutaraldehyde in phosphate buffered saline and 
processed for scanning electron microscopy. 


Statistical Analysis 


The one-way analysis of variance was applied to analyze 
blood loss data in the ex vivo experiment. The Student’s 
t-test was utilized to evaluate blood loss data in the late 
puncture experiment. Patency data were analyzed by a 
log-rank test as described by Peto et al.’’ 


Results 


Ex Vivo Perfusion Puncture Experiment 


Upon puncturing with an 18-gauge needle, the control 
single PTFE graft bled 43.2 + 16.0 2/30 sec. The double 
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TABLE |. Ex-Vivo Perfusion Bleeding Tests 
Graft Blood Loss | 
Dog Type Blood Préssure (mmHg) (g/30 sec) Mean + 5D 
1 Single 210/120, 125/80, 140/110 46.0, 34.9, 64.9 
2 120/80, 140/100, 150/100 57.1, 57.0, 60.0 renee 
3 90/70, 115/70, 95/60 37.7, 41.4, 41.5 Pan 
4 135/80, 115/70, 90/65 54.1, 32.5, 28.6 
| Double 113/60, 115/78, 113/95 42.6, 47.4, 35.4 
2 140/100, 140/100, 160/140 36.3, 27.2, 24.7 E E 
3 85/55, 110/70, 115/70 29.5, 38.0, $3.4 
4 135/80, 125/75, 120/75 37.1, 19.7, 30.5 
I  PTFE-sil 110/80, 100/75, 115/85 10.9, 23.5, 6.3 
2 135/80, 140/100, 160/120 11.7, 24.1, 1.7 ree 
3 80/50, 80/60, 115/70 16.7, 13.5, 18.9 
4 125/90, 110/80, 95/65 22.0, 13.3, 26.3 


PTFE control bled 31.5 + 9.6 g/30 sec, and the PTFE- 
sil graft bled 15.6 + 7.5 g/30 sec. These results clearly 
show that the experimental graft bled significantly less 
than controls under the condition of ex vivo perfusion (p 
< 0.001) (Table 1, Fig. 2). 


In Vivo AV Interposition Graft: Acute Puncture Experi- 
ment 


Six PTFE-sil and five single PTFE control grafts were 
punctured during the first week after the construction of 
AV fistulas. The PTFE-sil and control grafts were punc- 
tured a total of 13 and 14 times, respectively. Eight punc- 
tures of the control grafts resulted in the loss of over 100 
g of blood, two punctures bled between 40 and 100 g, two 
punctures bled 20 and 40 g, and only one puncture bled 
less than 20 g. In ten instances, it was necessary to place 
a stitch on the graft to stop the bleeding. In the PTFE-sil 
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FIG. 2. Blood loss (g/30 sec) after puncturing with an 18-gauge needle 
single PTFE, double PTFE, and PTFE-sil grafts. A vs. B, p < 0.001; A 
ys. C, p < 0.001. 
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TABLE 2. Bleeding after Puncture of Carotid to Jugular Interposition 
Single and PTFE-Sil Grafis 








Days of Puncture 

Dog Graft Type I 34 78 
8006 Single +++4% ++++* Thrombosed 
8060 +++-+* $4 $ 
8084 EEEE 5 os a a ++++* 
8085 ++++* ++++* Thrombosed 
8103 ++ +++* +++* 
8005 PTFE-sil 0 0 0 
8058 ++ 0 = 
8061 0 0 Died 
8101 0 + Thrombosed 
8102 0 Thrombosed 
8099 0 0 4-4 
a a a a a a 

0 = no bleeding. 


+ = 0-20 g of blood. 

++ = 20-40 g of blood. 

+++ = 40-100 g of blood. 

++++ = more than 100 g of blood. 

* Needle hole required stitch to control bleeding. 


grafts, only three out of 14 punctures bled, two bleeding 
between 20 and 40 g and the third one bleeding less than 
20g. No punctute required stitches for hemostasis 
(Table 2). 


Patency Experiment 


Thirty-four dogs received experimental and control 
grafts as interposition AV fistulas in the groin and were 
followed for 16 weeks. Three dogs died from undeter- 
mined causes at 21, 27, and 64 days. Observed compli- 
cations were few (Table 3) and included infection at the 
surgical site (1 control, 1 experimental), anastomotic 
bleeding (3 controls, 1 experimental), thrombosis of the 
graft secondary to kinking (2 controls, 1 experimental), 
and thrombosis of the grafts with no apparent technical 
reasons (1 control, 3 experimentals). The patency rate at 
16 weeks was 86.96% for the control graft and 83.56% for 
the experimental (p = N.S.) (Fig. 3). 


Late Puncture Experiment 


Experimental and control grafts were punctured twice 
a week for 4 weeks with 16-gauge dialysis needles in four 
dogs selected at the end of the patency experiment. At 
the end of the testing period, all eight grafts were patent. 
The average time required to stop the bleeding in the single 
control grafts was 207 + 48 seconds. The PTFE-sil re- 
quired 70 + 49 seconds (Table 4). These differences were 
highly significant (p < 0.005). 


Histology 


In the experimental grafts, collagen was occasionally 
observed in the wall near the anastomosis, while control 
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TABLE 3. Complications of AV Graft Fistula 





Single PTFE-Sil 
Infection j l 
Anastomotic bleeding 3 2 
Thrombosis, technical problem 2 l 
Thrombosis, no apparent cause 1 3 





grafts demonstrated it along their entire length (Fig. 4). 
Several of the grafts in both groups had adventitial areas 
containing dense collagen and cells resembling osteocytes 
with occasional osteoclasts. Calcium deposits were vari- 
ably associated with osseous cells. The anastomoses were 
typically covered by a layer of fibrous tissue extending 
from the host vessel tissue onto the graft luminal surface, 
with endothelial-like cells covering the pannus. Scanning 
electron microscopy showed variable penetration of the 
silicone sealant into the wall of the graft (Fig. 5). Maxi- 
mum penetration appeared to be 100 microns. At the 
puncture sites, there was a thrombus and evidence of 
splitting of the silicone material with slight separation be- 
tween the silicone and inner graft wall (Fig. 6). 


Discussion 


Maintenance hemodialysis for end-stage renal disease 
requires access to the vascular compartment, which can 
provide flows of over 200 ml/min and can withstand fre- 
quent punctures. The first angioaccess devised for he- 
modialysis was the Silastic AV shunt with Teflon® tips 
developed by Quinton and Scribner in 1960.'* These 
shunts had, however, a high incidence of complications 
and low long-term patency. In 1966 Brescia et al. described 
the internal AV fistula,’ which provided long-term access 
to the blood stream with excellent patency rates and low 
morbidity.'?° At present, the Brescia-Cimino AV fistula 
is the angioaccess of choice for patients in need of chronic 


s PTFE 
XPTFE-SIL 


CUMULATIVE PATENCY (%) 





WEEKS 


Fic. 3. Cumulative patency rate of 34 single PTFE and 34 PTFE-sil 
grafts in interposition AV fistulas in 34 dogs. 
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TABLE 4. Late Puncture Experiment Bleeding Time (Sec) 





Dog Single Graft PTFE-Sil p 
8109 i4i +50 22 +20 <0.0005 
8099 220 +95 11558 <0.0! 
8272 210+ 46 109 +74 <0.025 
8271 257 £53 33 + 40 <0.0005 
Mean + SD 207 + 48 70 + 49 <0.005 








hemodialysis. In patients with anatomical conditions that 
do not allow the creation of internal AV fistulas, a bio- 
logical or artificial graft can be interposed between an 
artery and a vein to create the access. Materials such as 
autologous vein,” bovine carotid heterografts,”! PTFE,” 
reinforced autologous tissue (Sparks-Mandril),” and hu- 
man preserved umbilical vein”? have been used as grafts. 
All these interposition AV fistulas require a period of 
healing and incorporation of the graft into surrounding 
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Fic. 4. PTFE-sil graft, surrounded by collagen. 
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Fic. 5. Scanning electronmicrograph of PTFE-sil graft. The silicone ap- 
pears as homogeneous material in the bottom of the picture and penetrates 
at some point into the fibrillar PTFE material. 


tissues before they can be used safely. If this precaution 
is not carefully observed, the incidence of perigraft he- 
matoma and graft thrombosis becomes very high, 416 
Thus, in patients in need of urgent dialysis, other proce- 
dures for acute access such as Scribner shunt,'*® subclavian 
cannulas,” double lumen indwelling catheter,2° or re- 
peated femoral vein punctures” are normally done. 
Complications of interposition AV fistulas, during the pe- 
riod of chronic use, include bleeding from the puncture 
site with the formation of perigraft hematoma or pseu- 
doneurysms. 

The present work clearly demonstrated the advantages 
of self-sealing coaxial double PTFE-sil graft over conven- 
tional single grafts. One of these advantages derives from 
the fact that PTFE~sil grafts can be used immediately 
after implantation because of their self-sealing character- 
istics. This fact was clearly demonstrated by the in vivo 
interposition AV fistula experiment in which puncturing 
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FIG. 6. Puncture site ofa PTFE-sil graft. Note some thrombotic material 
in the needle track and slight separation between silicone and inner graft 
wall. 
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the PTFE-sil grafts resulted in virtually no blood loss in 
the vast majority of cases. Inspection of PTFE-sil grafts 
after the puncture revealed that the puncture site was 
completely sealed. The puncture hole appeared slightly 
oblong, suggesting that the silicone sealant had been pried 
apart and collapsed back on withdrawal of the needle, 
thereby conferring to the graft its self-sealing quality. In 
contrast, puncturing of conventional PTFE grafts soon 
after implantation resulted in massive bleeding, which of- 
ten required stitching of the puncture site on the graft 
itself. 

The self-sealing characteristic of the PTFE-sil grafts 
also addresses two problems that are common in well- 
matured conventional grafts, i.e., postpuncture pseudo- 
aneurysms and prolonged bleeding from the needle punc- 
ture. Thus, hemostasis often requires extended periods of 
local pressure that may, in turn, result in thrombosis of 
the graft. The advantage of the PTFE-sil graft in this re- 
gard is clearly shown by the experiment in which grafts 
were punctured repeatedly, starting 4 months after im- 
plantation. The time required for hemostasis in conven- 
tional single PTFE grafts was three times higher than in 
the P'TFE~sil grafts. The incidence of post-puncture pseu- 
doaneurysms and thrombosis of the grafts, due to exces- 
sive and prolonged pressure, should be greatly reduced in 
interposition AV fistulas employing PTFE-sil grafts. 

With regard to patency, the experiment illustrated in 
Figure 3 showed that PTFE-sil grafts have patency rates 
comparable to those of conventional PTFE grafts in this 
model. Furthermore, the type and incidence of postop- 
erative problems we encountered were quite similar in 
both types of grafts (Table 3). 

An additional benefit of the PTFE-sil graft derives from 
its relative stiffness, which allows easy location of the graft 
by palpation, thereby greatly simplifying the puncture 
process. 

In conclusion, the PTFE-sil graft is self-sealing after 
needle puncture, a feature that may eliminate the need 
for additional access procedures, may reduce the incidence 
of complications during chronic use of the angioaccess 
device, and may represent a major advance in the treat- 
ment of patients with end-stage renal disease. 
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Stereotaxic Needle Localization and Cytological 
Diagnosis of Occult Breast Lesions 
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A stereotaxic technique for localization of occult breast lesions 
and fine needle aspiration for cytological diagnosis was used on 
examination of 543 patients. Successful localization with the 
needle tip within 1 mm of the suspected lesion was possible in 
490 patients (90.2%). Based on a high mammographic index of 
suspicion for malignancy, 187 of 490 patients were selected to 
undergo open biopsy, following aspiration cytology and localiza- 
tion with methylene blue injection. The statistical results (cy- 
tologic vs. histologic examination) revealed a sensitivity of 97.5% 
and a specificity of 95.2% for cytologic diagnosis of occult breast 
lesions. The technique is easy to learn and takes 20-30 minutes 
to perform. Compliance was 100% and complications were nil. 
This new technique expedites localization and maximizes the 
specificity of mammography for occult breast lesions. 


HE PROGNOSIS OF BREAST CANCER is significantly 
influenced by the size of the tumor and the pres- 
ence and the number of positive axillary lymph 

nodes. Until recently, 90% of breast cancers were discov- 
ered by women themselves. Consequently, even in large 
cancer centers, the proportion of T! tumors (less than 2 
cm in diameter) was only 15%.' Since 1971, in the Federal 
Republic of Germany, all women above age 30 have had 
access to an annual free cancer check-up. Since that act, 
the proportion of T1 breast cancers recorded at the De- 
partment of Gynecology and Obstetrics at the University 
of Kiel has risen to 40%. 

When such small tumors are deeply placed in the breast, 
their detection can be achieved only by mammography.” 
In the recent literature, Holland et al.,> among others, 
have pointed out the particular significance of microcal- 
cifications appearing in preliminary mammographs of 
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women with no clinical symptoms. Needle localization 
of these occult tumors under mammographic control, 
prior to open biopsy, takes up to 1 hour of a radiologist’s 
time, and often the lesion is located only approximately. 
Patients are then transferred to an operation room where, 
under local or general anesthesia, an open biopsy of the 
suspected lesion is performed. Only 10-20% of such 
biopsies are cancerous. Thus, the majority of mammo- 
graphically detected shadows with the present technique 
are histologically benign. 

In order to improve the accuracy of localization, as 
well as to maximize the preoperative information of these 
occult breast lesions, a stereotaxic technique was devel- 
oped by Bolmgren et al.’ in 1977, and later evaluated by 
Nordenstrom? and Svane” at Karolinska Institute, Stock- 
holm, Sweden. In this report, we present our 3-year ex- 
perience with this new technique at the University of Kiel. 


Equipment 


The new equipment for stereotaxic needle biopsy (Fig. 
1) includes a tabletop, mounted on a vertical steel column 
and set in a heavy floor support. The column height may 
be adjusted by remote control, thus allowing coordinate 
movements of the tabletop, which also contains an ap- 
erture for the breast. Two compression plates are mounted 
on a console below the table. The posterior plate is firmly 
fixed to a support and is provided with an engraved ra- 
diopaque millimeter scale corresponding to a 50 x 50- 
mm window in the movable anterior compression plate. 
Below this, the x-ray tube is mounted on a hinged arm. 
The compression device, the stereotaxic instrument, and 
the hinged arm with the x-ray tube are movable by remote 
control in a verticle direction against the console, which 
itself is movable 180 degrees on a horizontal plane. 
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Fic. |. TRC Mammotest 
device (Taby, Sweden) with 
its console and a table top 
on which the patient lies. 
The x-ray tube (left side) is 
attached to a hinged arm in 
front of the puncture device 
and the fim holder. 


The mechanical versatility of the equipment allows ra- 
diography and biopsy of the breast in any of the projec- 
tions used in mammography. Independent of the projec- 
tions, the x-ray tube can be angulated at +15 degrees in 
relation to the compression device, which carries the film 
cassette in a holder behind the posterior compression 
plate. 


Biopsy instrument 


A double cannula needle (outer diameter 0.7 mm, inner 
diameter 0.5 mm, length 150 mm) and a 20-cc disposable 
syringe, with a special spring lock to maintain the vacuum 
after insertion, were used in this series (Figs. 2A & B). 


Technique 


In preparation for a biopsy of a nonpalpable breast le- 
sion, the mammographic view was chosen so that the dis- 
tance to be traversed by the biopsy needle was as short as 
possible. The patient lay on the examination table in a 
prone position with the breast hanging down through the 
aperture. 

The distance between the nipple and the lesion was 
measured from the selected mammographic view. The 
breast was placed between the compression plates, and 
the lesion was positioned within the window in the an- 
terior plate. The breast was then fixed in this position and 
the patient was requested not to move during the exam- 
ination, which usually lasts 15-20 minutes. Two mam- 
mographic views of the breast at 30 degrees to each other 
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were taken, and the coordinates for the center of the lesion 
were read on the exposed film. These Cartesian coordinate 
values were transferred into a small analogue computer 
that translates them into three polar coordinates. All 
measurements were made from the estimated center of 
the lesion. The stereotaxic instrument was fixed in a pre- 
determined position in front of the compression plates. 
The puncture site of the breast was sterilized. After 
mounting the needle onto its holder, the needle was 
pushed into the breast according to the precalculated dis- 
tance and angle. The position of the cannula was checked 
by means of two stereoradiographs (Fig. 3). With expe- 
rience, it was possible to place the tip of the needle within 
+{ mm of the periphery of the suspected lesion. At this 
point, the inner cannula of the needle was removed and 
aspiration of the cellular material was performed by means 
of a 20-cc syringe, employing hand suction with a special 
spring lock attached to the syringe plunger. 

The aspirate was smeared on glass slide, fixed in alcohol, 
stained with hematoxylin and eosin, and was interpreted 
on the same day. The breast lesion was then marked by 
1.0-2.0 ml of methylene blue injection through the needle. 
Patients underwent open breast biopsy of the localized 
area, and the tissue sample was independently reported 
by a pathologist. 


Results 


The cytologic reports were classified according to four 
diagnostic categories: (1) tumor cells; (2) suspicious for 








FIGS. 2A and B. 4. Double cannula needle (gauge: 2! length: 15 cm) for 
localization and cytologic sampling of occult breast lesions. B. Needle 
holder with inserted double cannula and 20-ce syringe. 


tumor: atypical nuclear or cytoplasmic appearance, but 
not definite criteria of malignancy; (3) benign, and (4) 
insufficient material: too few interpretable cells. 

Since it was certain that in every case the needle had 
been located in the lesion, for statistical evaluation, the 
categories (1) and (2) of above were grouped together: 
likewise for (3) and (4). 

Between 1983 and 1985, 543 patients with mammo- 
graphically detected suspicious breast lesions were referred 
to the center. The procedure could not be performed on 
53 patients (9.8%) for various reasons, as shown in Table 
1. The remaining 490 patients were divided into three 
groups (see Table 2) of low, intermediate, and high degree 
of suspicion, according to the mammographic report. Pa- 
tients in all three groups underwent aspiration cytology 
of the suspicious shadows. Only those patients in group 
3 whose preliminary mammogram was suggestive of ma- 
lignancy were referred for surgery and tissue biopsy. 


Group I (Low Suspicion of Malignancy) 


Of 148 patients, the cytologic examination of lesions 
revealed no evidence of malignancy. These patients have 
been followed up for a period of 9-30 months by interval 
mammography, and so far no case of cancer has been 
observed. 
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Group 2 (Intermediate Suspicion'of Malignancy) 


Of the 155 (31.6%) patients in this group, cytologic 
examination was negative for malignancy. However, be- 
cause of the higher index of suspicion for cancer, all of 
these patients underwent a repeat needle localization and 
cytologic aspiration of the suspected lesion within 6-12 
months after the initial examination. Benignity was con- 
firmed in all cases at the second examination. Subsequent 
surveillance—up to 24 months—by mammography has 
not revealed any breast cancer. 


Group 3 (High Suspicion of Malignancy) 


The focus of this report is on this group, which consisted 
of 187 women whose cytologic examination was followed 
by dye-localization and open biopsy of the suspected le- 
sion. In 31 of 187 patients (16.6%)—see Table 3—the 
cytologic aspiration contained insufficient material and 
histological diagnosis was reported to be benign. In 13 of 
31 patients, the histology was fibrocystic disease. In 14 
patients, what had appeared at mammography to be a 
round shadow histologically was proven to be one of the 
following: fibroadenoma, adenosis, lobular hyperplasia, 





FIG. 3. The different steps involved in localization and sampling. Top. 
The breast is positioned so that the suspected lesion is seen within the 
compression plate window. Afiddle. Control radiograph to confirm the 
position of the needle tip before sampling is commenced. Bottom. Ap- 
pearance of the lesion after its localization with methylene blue and prior 
to open biopsy. 
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TABLE 1. List of Technical Failures TABLE 2. Three Groups According to Mammographic 
Index of Suspicion for Malignancy 
Number 
Reason for Failure of Patients % of 543 No. of 
Patients Per Cent 

Lesion too close to chest wall or ; oe 

micromastia 14 2.6 Group 1 Low index of suspicion 148 30.2 
Nonvisualization of the lesion due to for cancer 

summation effect or interval Group 2 Intermediate index for 155 31.6 

resolution 14 2.6 suspicion for cancer 
Nonpenetration of the lesion and Group 3 High index of suspicion 187 38.2 

needle deviation > 1 mm 25 4.6 for cancer 


Total 53 9.8 


chronic mastitis, or adiponecrosis (oil cyst). In the re- 
maining four patients, histologic diagnosis was fibrosis. 

_ In 110 of 187 patients (58.8%), cytology revealed a be- 
nign lesion. The histologic diagnosis in 109 patients was 
in agreement with cytology. However, in one patient the 
histology showed a lobular carcinoma in situ. The original 
mammogram and stereodiagraphs did not identify the 
true diagnosis of this lesion. 

In 12 of 187 patients (6.4%), the cytologic evaluation 
showed suspicious tumor cells. In five patients, the his- 
tology confirmed malignancy. In the other seven patients, 
histologic diagnosis was either proliferating mastopathy 
with atypia or papillomatosis with atypia. In other words, 
in all patients morphologic changes were found that 
needed further clarification. 

In the remaining 34 of 187 patients (18. 2%), open bi- 
opsy corroborated with the cytologic diagnosis of malig- 
nancy in every case. 

Considering the open tissue biopsy as gold standard, 
147 lesions (78.6%) of our patients showed benign his- 
tology. The remaining 40 patients (21.4%) had lesions 
that were proven to be malignant. Histologic details and 
the size of these tumors are as follows: 20 lesions wete 
smaller than 5 mm (8 ductal carcinoma in situ, 2 lobular 
carcinoma in situ, 10 invasive ductal cancers); ten lesions 
were between 6 and 10 mm (2 intraductal, 1 lobular car- 
cinoma in situ, 7 invasive ductal cancers); and ten tumors 
were betwéen 11 and 20 mm (i intraductal, 8 invasive 
ductal cancers, 1 medullary cancer). The statistical eval- 
uation of the results, according to the “Vier—Felder Test” 


(chi square); revealed a sensitivity of 97.5% with a false- 
negative rate of 2.5%, and a specificity of 95.2% with a 
false-positive rate of 4.8% and a diagnostic efficiency of 
95.7% (see Table 4). 


Discussion . 


EEE in survival and cure, of patiénts with 
breast cancer through mass screening and early detection 
is the goal of much effort. Modern mammography, with 
low-dose radiation and a high degree of image resolution, 
Has come to play the primary role in the screening of 
dsymptomatic women. The sensitivity of this diagnostic 
modality in visualizing clustered calcifications and ab- 
normal soft tissue shadows is high, but the specificity re- 
mains low. Only 20% of microcalicifications and 14% of 
suspicious shadows on subsequent open biopsies are 
shown to be malignant.* The ratio of malignant to non- 
malignant biopsies increased with age from 1:16.4 among 
the 35-39-year-old group, to 1:3.2 in the 65-69-year-old 
group, as reported in the Breast Cancer Detection and 
Demonstration Project. _ 

Precise localization of thése small and nonpalable tu- 
mors also poses a problem because the breast does not 
have a fixed shape or a reliable constant Jandmark except 
for the nipple. Therefore, surface marking of the breast 
in a compressed state during mammography is of little 
value when the patient is in supine position on the op- 
erating table. Invasive techniques involving preoperative 
insertion of needles, wire, and carbon?! under x-ray 
control are currently practiced according to the preference 
of the individual radiologist and surgeon. Generally, the 


TABLE 3. Comparison Between the Cytologic Evaluation and the Histologic Diagnosis in 187 Patients 


Cytologic Evaluation 

N Per Cent 
Insufficient material 31 16.6 
No tumor cells 110 58.8 
Suspected tumor cells 12 6.4 
Tumor cells 34 18.2 
Total l 187 100.0 


Histologic Diagnosis 
Benign Noninvasive Cancer Invasive Cancer 
31 as ate 
109 1 Ta 
7 3 2 
= 9 25 
147 (78.6%) 13 (7.0%) 27 (14.4%) 
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TABLE 4. Validity of Stereotaxic Fine Needle Biopsy 
Histology 
Malignant Benign Total 

Cytology positive  True-positive False-positive  Test-positive 

for cancer N = 39 N=7 N= 46 
Cytology negative False-negative True-negative Test-negative 

for cancer N= N = 140 N = [4] 
Total N = 40 N= 147 N = 187 


less accurate the localization, the higher the risk of not 
finding the lesion, the more extensive the surgery, and 
the greater the breast disfigurement will be. Removal of 
nonpalpable breast lumps without preoperative marking 
is not free of risk. In a series of 1009 such patients,!? 
postbiopsy mammogram revealed that 10.1% of the le- 
sions had not been removed, and 1.1% of these tumors 
on subsequent biopsies were proven to be cancerous. 

Stereotaxic needle localization of impalpable breast le- 
sions appears to have overcome these two problems. First, 
it pinpoints the lesion with an accuracy of +1 mm, as 
measured on postinsertion control radiographs in 95.4% 
of the patients in this series. If we analyze the failure rate 
of 9.8%, as depicted on Table 1, it becomes evident that, 
in 14 patients, the lesion was too close to the chest wall, 
or the breast was too small to be held in the compression 
unit—an inherent technical defect of every localizing sys- 
tem. In 14 additional patients, the breast lesion, shown 
on the initial mammogram, could not be revisualized; 
therefore, biopsy was not attempted. Possible explanations 
are summation effect or interval resolution of the lesion, 
such as a cyst, or inflammation. The failure rate of precise 
localization with this system occurred in 25 of 543 patients 
(4.6%) where the needle tip deviated more than | mm 
due to nonpenetration of the lesion. The small failure rate 
is attributed to some densely capsulated tumors, such as 
fibroadenoma, causing nonengagement and needle tip 
deviation. 

secondly, fine needle cytology through stereotaxic lo- 
calization increases the specificity of mammography to 
95.2%, as reported in our series. This additional procedure 
takes little extra time. The sampling maneuver caused 
minimal patient discomfort and no complication in our 
series. The cytologic information, considered in conjunc- 
tion with the clinical as well as the mammographic data, 
will enable the clinician to decide on a policy of: (1) open 
biopsy, (2) repeat cytology 3-6 months later, or (3) wait 
and see by interval mammography. Such a policy results 
in operating on women with a high or intermediate index 
of suspicion for malignancy only. On the basis of such a 
policy, we missed one breast cancer in 187 patients. If we 
consider the entire 490 patients examined by the stereo- 
taxic localization technique and needle aspiration cytol- 
ogy, who would have otherwise undergone open biopsy 
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for diagnosis of occult breast lesions, the benefit of this 
new technique becomes even more apparent. Svane et 
al.'? reported on 120 nonpalpable breast lesions stereo- 
taxically localized. Needle cytology assessment was correct 
in 80% of 62 histologically proven cancers. However, when 
the combined reports of lesions mammographically and 
cytologically suspicious for cancer were considered, correct 
diagnosis was made in 61 of 62 histologically malignant 
tumors. There was no false-positive cytologic result. It 
cannot be overemphasized that close surveillance of these 
mammographically appearing benign lesions with regular 
follow-up is mandatory. 

In conclusion and in agreement with Swedish investi- 
gators, we believe that the stereotaxic needle localization 
technique is a significant advance in terms of accuracy, 
expediency, and manpower efficiency in detecting im- 
palpable breast lesions. Needle aspiration cytology per- 
formed in conjuction with such a precise technique ap- 
preciably raises the specificity of mammography, which 
is currently low. 
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fact: The prescribing information for Cefotan 
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pancreatic autotransplantation is accompanied by 
surgical alterations to the pancreas that may have consequences 
for carbohydrate metabolism. Four mongrel dogs were evaluated 
before operation and sequentially until 40 weeks after total pan- 
createctomy and autotransplantation of the splenic lobe of the 
paricreas with bolus intravenous and oral administration. Intra- 
venous glucose tolerance test (IVGIT) (05 g/kg) revealed 
maintenance of fasting euglycemia for as long as 40 weeks after 
operation. Peak glucose and integrated glucose values did not 
show significant changes as a result of autotransplantatin. Fol- 
lowing transplantation, a delayed peak insulin response was seen; 
however, basal, peak, and integrated insulin yalues were largely 
unaltered. Only K values, a measure of glucose disposal, showed 
severe alterations (2.44 + Q.21. before operation to 1.24 + 0.30 
at 40 weeks after operation). Oral gincose tolerance tests (OGTT) 
(2.0 g/kg) demonstrated an increased peak hyperglycemic re- 
sponse after autotransplantation with increased integrated ghi- 
cose responses. Insulin levels remained at those levels seen before 
operation, ` amd. glucose-dependent’ insulinotropic palypeptide 
(GIP) responses were unchanged during the OGIT as late as 
20 weeks after operation. In conclusion, pancreas autotrans- 
plantation after total pancreatectomy results in significant met- 
abolic alterations that the IVGTT fails to detect with absolute 
glucose or ingulin leyels. Howeyer, K Dore are significantly 
lowered, which indicates alterations in cellular glucose transport. 
The OGTT demonstrates hyperglycemia without increased in- 
sulin or GIP levels, which suggests an altered beta cell response 
to the enteric stimulus of insulin release. These changes are 
nonetheless well tolerated by animals that have remained clin- 
ically héalthy and euglycemic in the basal state. 


LINICAL PANCREAS TRANSPLANTATION has been 
employed with increasing frequency since its ini- 
tial use in 1967.! Transplantation of beta cell 
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mass has encompassed islet’ cell, segmental gland and, 
most recently, whole gland transplantation. Clinical results 
continue to favor optimism about long-range success; 
however, there are many: aspects of postoperative pan- 
creatic function that remain unknown. Specifically, the 
effect of such surgery on the integrity of pancreatic reg- 
ulation of carbohydrate metabolism needs. evaluation. 
Initial enthusiasm.for segmental transplantation has been 
bolstered by reports of postoperative fasting eu 
and “improved” insulin secretion’? ` | 

"Hormonal regulation of insulin secretion and peripheral 
glucose metabolism i is not completely understood, even 
in the normal organism. Recent investigation has dem- 
onstrated the importance of the insulinotropic hormone, 
GIP, in postprandial insulin secretion and the necessity 
of ambient hyperglycemia for GIP’s optimal effect." For 
this reason, GIP has been. renamed glucose-dependent i in- 
sulinotropic polypeptide and appears to be an integral 
part of the “enteroinsular axis,” by which insulin secretion 
is regulated by enteric factors, ` 

Segmental pancreas transplantation might be heen 
to have measurable and possibly undesirable effects on 
carbohydrate metabolism, as it can result in reduced beta 
cel] mass, systemic drainage of insulin, and „pancreatic 
denervation. For these reasons, the integrity of the enter- 
oinsular axis may be altered, whereby postprandial. enteric 
hormonal secretagogues of insulin release would be af- 
fected by the surgical alteration of transplantation. We 
therefore studied segmental pancreas transplantation in 
dogs specifically to document the stability of the transplant | 
over a prolonged postoperative period. In addition, we 
tested the hypothesis that the combined effects of systemic 
release of insulin and pancreatic denervation would alter 
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Fic. 1. The segmental pancreas autotransplant model. A total pancere- 
atectomy is performed preserving the pancreaticoduodenal artery. The 
splenic lobe of the pancreas is anastomosed to the iliac vessels as pictured. 
Splenectomy is performed. 


hormonal regulation of insulin release by the insulino- 
tropic hormone GIP. 


Materials and Methods 
Pancreatic Autotransplantation (Fig. 1) 


Mongrel dogs weighing 15-20 kg were fasted for 18 
hours before operation. After induction of endotracheal 
inhalational anesthesia (halothane), a midline incision was 
made. Proximal pancreatectomy completely removed the 
pancreatic substance from the mesenteric side of the duo- 
denum. Careful dissection of the pancreatic capsule with 
individual ligation of small branches of the pancreatico- 
duodenal artery was begun distally and carried proximally 
to the celiac axis. A constant avascular attachment was 
identified in this area, and the pancreas was transected. 
All pancreas on the duodenal side of this incision was 
removed, resulting in removal of 25~30 g of tissue. 

Attention then turned to the splenic lobe of the canine 
pancreas. The splenic artery was identified at the celiac 
axis, and the splenic vein at its junction to the portal vein. 
Vascular loops were placed on the artery and vein, and 
all other lymphatic and nervous structures were divided. 
After complete isolation of the remaining pancreas, sple- 
nectomy was performed. An 18-gauge needle was then 
placed in the distal splenic artery for perfusion of the pan- 
creas during completion of the anastomosis. During that 
time, distal intra-arterial infusion was performed with 
chilled normal heparinized saline containing 1% bovine 
albumin. The venous anastomosis was performed in an 
end-to-side fashion into the iliac vein with interrupted 7- 
0 monofilament sutures. 
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On completion of the venous anastomosis, the perfu- 
sion was stopped and attention turned to the arterial 
anastomosis, which was performed in an end-to-end fash- 
ion with 7-0 monofilament interrupted sutures. The vas- 
cular clamps were then released, and the graft was attached 
to the lateral abdominal side walls. 

The animals were maintained on a liquid diet for the 
first 2 or 3 postoperative days. No animal received steroid, 
insulin, or glucagon therapy. At approximately the second 
and third postoperative day, all dogs began receiving Vio- 
kase® (1.4 g) supplements daily. 


Intravenous and Oral Glucose Tolerance Tests 


Oral glucose tolerance tests and intravenous glucose 
tolerance tests were performed on each animal before op- 
eration and between 2 and 4 weeks, 4 and 6 weeks, 10 
and 20 weeks, and 30 and 40 weeks. 

Intravenous Glucose Tolerance Test (IVGTT). IVGTT 
was performed by the rapid infusion of 20% glucose (0.5 
g/kg body weight). After basal samples were taken, serum 
glucose samples were drawn at 2, 5, 10, 15, 20, 40, 60, 
90, and 120 minutes and rapidly chilled on ice. These 
were centrifuged, and glucose determination was per- 
formed with the Beckman Glucose Analyzer II (Beckman 
Instruments, Fullerton, CA). Each serum sample was 
saved for insulin determination using the standard ra- 
dioimmunoassay techniques performed by the University 
of Virginia Core Radioimmunoassay Laboratories. 

Oral Glucose Tolerance Test (OGTT). Preoperative and 
postoperative OGTT were performed at the intervals de- 
scribed above. A bolus of 20% glucose (2 g/kg body weight) 
was delivered via a #18 French Salem feeding tube that 
was placed in each animal’s mouth to ensure uniformity 
of the delivered dose. After basal samples for glucose, in- 
sulin, and gastric inhibitory polypeptide were taken, se- 
quential samples at 30, 60, 90, 120, and 180 minutes were 
drawn. Serum glucose values were immediately gauged 
with the Beckman Glucose Analyzer II, as described 
above. Sequential insulin samples were measured as well. 
Samples for gastric inhibitory polypeptide were saved on 
Trasylol (Sigma Chemical, St. Louis, MO), using the GIP 
assay of the State University of New York Downstate 
Medical Center in Brooklyn, New York.°® 


Statistical Analysis 


Data were analyzed using the SAS statistical package 
on a DEC VAX-751 computing system (Digital Equip- 
ment Corp., Maynard, MA).’ Integrated time-compen- 
sated values were calculated for the glucose, insulin, and 
GIP response curves on the IVGTT: 
i=? [ /GLUC; + GLUC,_, 
Taa 


(Ta — T) 


xti- T] 


INT GLUC=- 
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GLUC; = glucose at each point of analysis; GLUC,_, 
= glucose at the previous time of analysis; T, = length of 
test; and T, = first time point of analysis. INT INS and 
INT GIP were calculated with the same formula. 

K values were calculated via a linear regression model 
of the 5- to 45-minute segment of the response curve plot- 
ted against the natural log of the dependent variable (glu- 
cose) to time: — 


K values_.45 = 100 X (SLOPEs_.45), 


where the SLOPEs_..45 is obtained from the regression line 
of the natural log of the glucose values versus the time 
during the 5- to 45-minute period of the IVGTT response 
curve. 

Glucose, insulin, and gastric inhibitory polypeptide 
values were grouped according to postoperative time and 
individually compared to the preoperative group with a 
Student’s paired t-test. 


Results 
Clinical Status 


Four female mongrel dogs underwent pancreatic au- 
totransplantation (as described above) after completion 
of OGTT and IVGTT. All animals maintained preoper- 
ative body weight and eating habits with daily Viokase 
supplements. 


Microscopic Analysis 


Figures 2A and B show microscopic views of a seg- 
mentally transplanted gland 24 months after operation. 
Individual islets are identified in the absence of acinar 
architecture. No acute inflammation is seen. Peri-islet fi- 
brosis is apparent without evidence of active inflamma- 
tion. 


~ Intravenous Glucose Tolerance Test 


Table | details the IVGTT on normal preoperative 
animals as well as at 2-4, 10-20, and 30-40 weeks after 
operation. Normal preoperative animals had a fasting 
glucose value of 73 + 4 mg/dl with an initial peak glucose 
value of 370 + 43 mg/dl in response to 0.5 g/kg of rapid 
glucose infusion. After 120 minutes, an integrated glucose 
response of 219 + 8 with a K value of 2.44 + 0.21 was 
calculated. After operation, fasting euglycemia was dem- 
onstrated each time IVGTT was repeated. The integrated 
glucose values at each of the three postoperative periods 
were unaltered from preoperative values. K values, how- 
ever, were significantly decreased: 1.66 + 0.49 at 2-4 
weeks, 1.22 + 0.23 at 10-20 weeks, and 1.24 + 0.30 at 
30-40 weeks. 

Insulin data in response to IVGTT are also presented 
a.in Table 1. Normal preoperative animals had a basal in- 
~ sulin value of 14 + 4 wU/ml, which rapidly elevated to 
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52 + 5 and 58 + 6 „U/ml at 2 and 10 minutes, respec- 
tively. The integrated insulin value was 28 + 3 «U/ml for 
the preoperative tests. At 2~4 weeks, a basal insulin value 
of 11 + 2 wU/ml was obtained. Peak values of 61 + 24 
and 63 + 20 were obtained at 2 and 10 minutes, respec- 
tively. The integrated insulin value of 26 + 5 U/ml was 
not statistically different from that obtained in normal 
preoperative animals. The 10- to 20-week and 30- to 40- 
week insulin values showed unaltered basal insulin values. 
The peak insulin at 10-20 weeks occurred somewhat later 
in the test (49 + 15 «U/ml at 20 minutes); however, the 
integrated insulin response (29 + 6) remained statistically 
unaltered from normal preoperative values. In the 30- to 
40-minute period, the peak insulin value of 43 + 10 pU/ 
ml was demonstrated at 5 minutes; however, again, the 
integrated insulin value of 24 + 4 wU/ml was not statis- 
tically different from that in normal preoperative animals. 


Oral Glucose Tolerance Test 


Table 2 shows the glucose, insulin, and gastric inhibi- 
tory polypeptide responses in normal preoperative animals 
after oral ingestion of 2 g/kg of glucose and again at 2-4, 
4-6, and 10 -20 weeks after operation. Normal preop- 
erative animals had a fasting glucose value of 78 + 7 mg/ 
di with a peak glucose value of 115 + 14 at 30 minutes 
after ingestion. The integrated glucose value was 87 + 4 
mg/dl. At 2-4 weeks, hyperglycemia was documented by 
30 minutes; at 60 minutes, it reached a peak level of 244 
+ 29 mg/dl. The integrated glucose value was statistically 
elevated at 191 + 19 mg/dl. This effect was also docu- 
mented at 4-6 and 10-20 weeks after operation. The peak 
glucose value occurred at 60 minutes for the tests at 4-6 
weeks and at 90 minutes at 10-20 weeks. However, the 
integrated glucose response had stabilized at 150 +7 mg/ 
dl (4-6 weeks) and 156 + 3 mg/dl (10-20 weeks). 

Insulin secretion in response to the OGTT is also pre- 
sented in Table 2. Before operation, animals had an in- 
sulin response to oral glucose tolerance that peaked at 60 
minutes at values of 61 + 20 „U/ml. The integrated in- 
sulin response was 30 + 4 „U/ml. At 2-4 weeks after 
operation, the basal insulin value of 14 + 4 wU/ml was 
not statistically altered from that in preoperative animals. 
Peak insulin values occurred at 30 minutes after ingestion, 
and the integrated insulin response was 30 + 9. Neither 
was Statistically altered from control values. At 4-6 weeks 
and again at 10-20 weeks, fasting insulin values were not 
statistically altered from those of preoperative controls. 
As in the IVGTT, peak insulin levels occurred later after 
ingestion, but the integrated insulin response was not sta- 
tistically different from that of preoperative animals (33 
+ 6 at 4-6 weeks and 32 + 8 at 10-20 weeks). 

Data for the GIP in response to OGTT are also pre- 
sented. Preoperative animals had fasting GIP levels of 450 
+ 137 pg/ml, which peaked at 60 minutes at 1600 + 389 
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FIGS. 2A and B. Microscopic evaluation of the pancreas autotrarsplant 24 months after operation reveals intact islet cells with surrounding fibrosis. 
No active inflammation or evidence of acinar architecture was demonstrated. Figure 2B is on opposite page. 


pg/ml. The integrated GIP response for the norma: pre- 
operative animals was 1259 + 182 pg/ml. At 2-4 weeks 
after operation, fasting GIP levels were not statistically 
altered from those in preoperative controls. Peak GIP lev- 
els occurred at 30 minutes, and the integrated value was 
not statistically different from that in normal controls 
(1015 + 293). At 4-6 weeks and at 10-20 weeks, fasting 
GIP levels were not statistically altered from those of pre- 
operative controls, and the integrated GIP response had 
stabilized. 


Discussion 


Pancreas transplantation has received increased atten- 
tion as an attractive alternative to chronic insulin therapy 
for the treatment of diabetes. Despite recent enthusiasm 
for cadaveric whole pancreas allotransplantation, much 
of the current clinical experience has been with segmental 
pancreas transplantation either in living, related individ- 
uals or with cadaver donors. Sutherland’s most recent re- 
port of the University of Minnesota experience includes 
86 pancreas transplants in 75 patients.'? The results of 


IVGTT studies in that group of patients suggest that K 
values, a measure of the rate of glucose metabolism, im- 
proved from a preoperative mean value of 0.58 to 2.19 
6 months after transplant. Oral glucose tolerance data 
suggest fasting euglycemia 6 months after segmental 
transplantation in 12 patients. The data presented for sev- 
eral individual patients show what appears to be fasting 
hyperinsulinemia of more than 40 »U/ml. More detailed 
studies are lacking in this population, however. 

Few reports analyze the stability of the endocrine func- 
tion of segmental pancreas transplants over extended 
postoperative periods or provide a precise evaluation of 
th: effects of this procedure on glucose metabolism. Seg- 
mental transplantation results in three important altera- 
tions in the pancreas: reduction of beta cell mass, systemic 
drainage of insulin, and denervation. The model of canine 
segmental autotransplantation allows analysis of the ef- 
fects of complex surgical alteration of the gland on post- 
operative endocrine function in the absence of immune 
alterations of pancreatic function. We therefore evaluated 
the response of the segmental pancreas transplant to 
IVGTT and OGTT, as well as the morphologic features 
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Fic. 2. (Continued) 


and physiologic stability of the transplanted gland over 
an extended postoperative period. 

Munda and colleagues examined segmental canine 
pancreas autotransplants microscopically at 37-43 days 
after operation and documented extensive graft fibrosis 
with residual intact islet architecture. We corroborated 
these findings on microscopic examination of our freely 
draining, open-duct, pancreas autotransplant at 2 years 
(as shown in Figs. 2A and B). All acinar tissue was replaced 
by fibrosis, and intact islets are identified. Each surgical 
specimen weighed 25-30 g; therefore, we would approx- 
imate an 80% reduction in islet cell population, assuming 
all islets survived in the postoperative autograft. 

The IVGTT is the standard method for the evaluation 
of the handling of an intravenous glucose load both clin- 
ically and in laboratory animals. Fasting glucose values 
of 80-90 mg/dl elevate to peak glucose levels of over 300 
mg/dl after a 600-mg/kg bolus in normal animals.”-'° 
Fasting insulin values of 8-12 «U/ml rapidly increase to 
40 to 50 wU/ml after an intravenous glucose load of 600- 
1000 mg/kg. The K value for IVGTT and the integrated 
response for glucose and insulin measure separate param- 


eters. Classically, the K value measures the slope of dis- 
appearance of rapidly infused glucose and hints at pe- 
ripheral glucose disappearance that may or may not be 
modulated by insulin. We evaluated the IVGTT and 
OGTT using time-compensated integrals for glucose, in- 
sulin, and GIP (for OGTT). Those calculations give a 
more sensitive measure of appearance in the periphery 
than the standard basal and peak values. 

Using IVGTT in an animal model similar to ours, 
Munda and associates demonstrated fasting euglycemia, 
peak glucose levels, and basal insulin values that were 
unaltered by transplantation.’ In allotransplantation 
models, Kyriakides et al. reported “normal” glucose and 
insulin values after IVGTT, whereas Bewick and col- 
leagues reported hyperinsulinemia.!!:!? Our data indicate 
that, in spite of comparable systemic insulin levels after 
intravenous glucose challenge, the rate of overall glucose 
metabolism (K value) is significantly impaired after seg- 
mental transplantation and remains abnormal for a pro- 
longed period. 

To assess the effects of the reduction in beta cell mass 
per se on glucose metabolism, Mizumoto et al. studied 
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TABLE 1. Intravenous Glucose Tolerance Test (IVGTT}* 








Glucose (mg/dl) 
Basal 2 min 5 min 10 min 20 min 40 min 120 min Int G K 
Preop 73 4 370 + 43 267 + 16 222411 146+ 11 99+ 7 86 +3 129+ 8 2.44 +0.21 
2-4 wk 80+ 8 302 + 43 242 + 22 219 + 16 177 +12 136+14 93+9 131 +10 1.66 + 0.49+ 
10-20 wk 79 +10 325 + 37 244 +19 219+ 10 208 + 15 137 +17 85+9 142+14 1,22 4:0.23+ 
30-40 wk 83+ 10 253441 237 +23 223 +14 199 +12 149+ 5 89+8 136+ 7 1.24 + 0.30+ 


Insulin (U/ml) 











Basal 2 min 5 min 10 min 20 min 40 min 120 min Int INS 

Preop l4+ 4 52+ 5 s2+ 5 58+ 6 47+ 8 21.7 1443 28+ 3 

2-4 wk lit 2 61+24 45+ 15 63 + 20 48 + 15 27+ 6 +3 26+ 5 

10-20 wk fit 2 41+ 7 4§+13 47+15 49+ 15 39 +10 3 29+ 6 

30-40 wk ge 3 41+10 43+ 10 41+10 38+ 9 33+ 8 12+2 24+ 4 
* 0.5 g/kg min`’, N = 4 in all groups. t p <0.05 (paired t-test) compared to preop. 


the effects of major pancreatic resection on carbohydrate fasting euglycemia, insulin secretion was also severely al- 
metabolism. They used 70-90% resection ofthe pancreas tered. 

in normal dogs and reported postoperative fasting eugly- We reported a 40-60% hepatic extraction of insulin 
cemia, albeit with decrements of approximately 50% in over a wide range of ambient glucose and insulin values. ' 
K values.'? Two groups of animals, “prediabetic” and Thus, the differences seen between animals with major 
“diabetic,” with this resection were reported. As might be pancreatic resection with portal drainage and the animals 
expected, the diabetic animals had higher glucose levels, that had pancreatic autotransplant show that the systemic 
depressed K values that averaged 0.41, and a severely de- release of insulin may result in normal systemic levels 
creased integrated insulin response. However, in the an- despite a decreased insulin response. This concept was 
imals that tolerated the operation well with subsequent supported by Gooszen and associates, who examined the 


TABLE 2. Oral Glucose Tolerance Test (OGTT}* 




















Glucose (mg/dl) 
0 min 30 min 60 min 90 min 120 min 180 min Int G 
Preop 78+ 7 L1iSt 14 114+ 7 94+ 6 80+ 8 Tie S 87+ 4 
2~4 wks 80+ 2 212+ 35+ 244+ 29+ 202+ 18+ 148+ 26 103+ 20 191+ 19+ 
4-6 wks 85+ 6 176+ 44 324+ 607 291+ 31it 225+ 33+ 124+ 18 150+ 7ł 
10-20 wks 87t 6 160+ 23 208+ 24t 221: 23t 174+ 5+ 136+ 21 156+ 3t 
Insulin (U/ml) 
0 min 30 min 60 min 90 min 120 min 180 min Int INS 
Preop 9+ 2 46+ 13 61+ 20 Sle 16 19+ 3 lit 2 30+ 4 
2-4 wks i4z 4 58+ 23 4i+ 14 39+ 10 29+ 13 22+ 8 30+ 9 
4-6 wks 10+ 2 38+ 9 39+ 10 46+ 9 Sit 16 25+ 11 33+ 6 
10-20 wks ide. J 26+ 6 40+ 18 54+ 12 Sit 18 26+ 13 32+ 8 
Gastric Inhibitory Polypeptide (pg/ml) 
0 min 30 min 60 min 90 min - 120 min 180 min Int GIP 
Preop 450 + 137 1383 + 296 1600 + 389 1512 + 280 999 + 351 495 + 224 1259 + 182 
2-4 wks 361 + 148 2551 +476 2470 + 492 1567 + 351 1016 + 299 779 + 167 1015 + 293 
4-6 wks 508 + 170 2636 + 533 2482 + 626 1704 + 454 1288 + 182 649 + 144 1330 + 201 
10-20 wks 366 + 67 1467 + 392 1660 + 315 1507 + 235 1048 + 188 523+ 58 1037 + 101 





* 2 g/kg min™', N = 4 in all groups. t p< 0.05 (paired t-test) compared to preop. 
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effects of transplantation on IVGTT performance.’° In 
normal animals, a fasting insulin level of approximately 
10 »U/ml rose to between 50 and 60 wU/ml during 
IVGTT. After pancreas autotransplantation (with a duct- 
obliterated segment), stimulated insulin levels reached 40- 
50 U/ml, but higher values were seen after 30 minutes. 
These results suggest that the integrated insulin response 
to intravenous glucose administration is not impaired, as 
observed in our data. Since animals with partial pancre- 
atectomy and portal drainage showed a decreased insulin 
response to less than the peak levels of 25 U/ml, Gooszen 
et al. concluded that after reduction in beta cell mass, 
systemic drainage of insulin is important for the mainte- 
nance of peripheral levels of insulin that approach pre- 
operative normal control values. Our data support this 
conclusion. 

Florak and others attempted to dissect out the effects 
of beta cell reduction, systemic drainage, and pancreatic 
denervation on glucose disposal after pancreatic auto- 
transplantation.'!© They evaluated IVGTT on normal 
dogs, segmentally autotransplanted dogs (in a model sim- 
ilar to ours), partially pancreatectomized dogs, and par- 
tially pancreatectomized dogs with in situ denervation. 
Dogs with reduction of beta cell mass had decreased fasting 
insulin and peak insulin responses, as well as a reduction 
of K values during IVGTT. Fasting glucose values were 
not reported, but peak glucose levels were not dramatically 
altered. After segmental transplantation, basal insulin 
values were normal but peak insulin levels were decreased. 
Interestingly, at 30 minutes, pancreas autotransplant an- 
imals had insulin values above normal. The authors con- 
cluded that the reduction of beta cell mass resulted in a 
lower peak insulin value in both the systemically drained 
and the portally drained transplant models. The significant 
reduction of K values seen in our study indicates altered 
glucose disposal in these animals, despite the fact that the 
animals were clincially well and maintaining stable body 
weight at 30-50 weeks after operation. Whether this al- 
teration in glucose disposal is due to abnormal insulin 
action or to the disruption of other hormonal factors in- 
volved in glucose homeostasis remains uncertain. 

The current study demonstrates that insulin secretion 
is altered during the hyperglycemic phase in postoperative 
OGTT. OGTT evaluates a more physiologic response to 
ingested glucose by virtue of its dependence on the enteric 
modulation of insulin release. It is well known that the 
gut affects overall response to glucose by stimulating the 
release of insulin via separate enteric hormonal mecha- 
nisms. In 1906, Moore and colleagues concluded that the 
duodenum produced a substance that affects glucose tol- 
erance by stimulating the “internal secretion of the pan- 
creas.” !” Perley and Kipnis demonstrated that oral glucose 
resulted in a greater insulin response than did the same 


GLUCOSE CHALLENGE OF PANCREAS TRANSPLANT 59] 


amount of intravenous glucose'® and concluded that the 
enteric mediation of the insulin response accounts for 60- 
70% of the insulin released after oral glucose. The principal 
enteric hormonal modulator of insulin release was iden- 
tified in 1970 when Brown and colleagues isolated and 
characterized a small bowel mucosal polypeptide with 42 
amino acids.™!? This peptide was capable of suppressing 
canine gastric acid secretion and was therefore named 
gastric inhibitory polypeptide, or GIP. Subsequently, 
Dupre and associates* and Andersen et al. demonstrated 
that GIP augments insulin secretion in response to hy- 
perglycemia and that the GIP-induced enhancement of 
insulin release correlates with the degree of hypergly- 
cemia.° Because of its potent insulinotropic effect, GIP 
has more recently come to be known as glucose-dependent 
insulinotropic polypeptide. 

It has been established that, after ingestion of glucose 
or a mixed meal, insulin and GIP levels rise rapidly.” In 
spite of the importance of GIP in postprandial insulin 
secretion, alterations in GIP levels after pancreas trans- 
plantation have not previously been investigated. The 
systemic drainage of insulin, or the disruption of the neural 
mediation of insulin release that results from transplan- 
tation, could be hypothesized to have direct consequences 
on the GIP-insulin relationship. Our data indicate the 
GIP response to ingested glucose is not altered after seg- 
mental transplantation, but that the insulin response to 
GIP may be significantly impaired. During OGTT, plasma 
glucose levels and the integrated glucose response were 
significantly elevated after operation. Therefore, the 
“normal” insulin levels and integrated insulin response 
to oral glucose are, in effect, deficient for the level of hy- 
perglycemia achieved. Since the insulin response to hy- 
perglycemia per se unaltered in the IVGTT, the relative 
insulin deficiency in the OGTT suggests an impairment 
of the beta cell response to the enteric hormonal stimulus 
to insulin release. 

Systemic release of insulin after autotransplantation 
may have significant effects on glucose metabolism be- 
cause of a possible lack of suppression of hepatic glucose 
output resulting from the loss of direct secretion of insulin 
into the portal venous circulation. Abumrad and associ- 
ates studied the quantitative disposition of an intragas- 
trically administered glucose load in normal animals.*! 
After ingestion of an amount of glucose similar to that 
used in the current study, endogenous hepatic glucose 
production was consistently suppressed by 80%. Using an 
exogenous portal vein insulin infusion in awake dogs, 
these investigators concluded that the presence of insulin 
in the portal vein is important for glucose homeostasis. 
However, these studies used exogenous insulin infusions 
together with a background infusion of somatostatin to 
supporess endogenous hormone release.*?** 
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Alterations in hepatic glucose production rates may 
significantly affect overall glucose metabolism and have 
been implicated in glucose intolerance of chronic pan- 
creatitis.°* Our own previously reported preliminary 
studies of the relative effects of portal and systemic intra- 
venous insulin infusion in normal dogs suggest that the 
intraportal delivery of insulin contributes minimally to 
the suppressive effect of insulin on hepatic glucose pro- 
duction.*> Whether segmental pancreas transplantation 
alters the normal regulation of the hepatic production of 
glucose cannot be determined from the data in our study 
and awaits further investigation. 

Finally, it has been hypothesized that the maintenance 
of normal glucose tolerance depends on the initial early 
insulin response to glucose, and that the denervation of 
the gland may be responsible for the blunted insulin ele- 
vation seen after surgical manipulation.”° Strubbe reported 
the results of transplantation of the neonatal pancreas into 
alloxan-induced diabetic rats, using renal subcapsular 
transplantation of pancreatic tissue.*’ Before operation, 
a rapid elevation of insulin in response to oral glucose 
was documented; after transplantation, however, this 
rapid elevation was lost. In the denervated segmental grafts 
investigated in our study, there was no significant blunting 
of the early response of insulin to an intravenous glucose 
challenge although this early (2- and 5-minute) response 
appeared to decline during the 40-week postoperative pe- 
riod. We therefore conclude that, although denervation 
may alter the performance of dispersed pancreatic tissue, 
the effect on the insulin response of segmental grafts is 
minimal. 

In summary, we found a number of potentially im- 
portant effects of canine pancreas autotransplantation on 
the response to intravenous and oral glucose administra- 
tion. Intravenous glucose testing to autotransplant animals 
reveals peripheral glucose and insulin levels that are not 
statistically altered from normal prospective controls. In- 
terestingly, integrated glucose and insulin values per se 
did not identify major abnormalities. Only the K values 
suggest a significant alteration in glucose metabolism, 
which is not apparent from the basal or peak glucose levels 
obtained. These data agree with the preliminary findings 
of others’? but, additionally and importantly, document 
that there is no further decline in IVGTT performance 
over a 30- to 40-week postoperative period. 

More severe alterations in glucose metabolism are ap- 
parent in the OGTT performance seen after operation. 
Segmental pancreas autotransplantation resulted in an el- 
evated integrated glucose response, and repeat oral glucose 
studies over 20 weeks documented no further alterations 
in OGTT performance. Before operation, peak insulin 
responses of 60 U/ml were seen at 60 minutes. After 
autotransplantation, oral glucose administration resulted 


CALHOUN AND OTHERS 


Anon. Surg. + November 1986 


in rapid insulin elevations, which persisted for 120-180 
minutes. This resulted in an integrated insulin response 
that was not different from that in preoperative animals, 
albeit in the face of significantly elevated glucose levels. 
Therefore, we consider the insulin response inappro- 
priately low for the prevailing degree of hyperglycemia. 
Since the beta cell response to glucose is maintained after 
intravenous glucose challenge, the relative deficiency of 
insulin release after oral glucose suggests an alteration in 
the enteroinsular axis. Although pancreatic autotrans- 
plantation apparently has no influence on the GIP re- 
sponse to oral glucose, the ability of GIP to augment glu- 
cose-stimulated insulin release may be significantly im- 
paired. Further studies are required to determine if the 
beta cell sensitivity to GIP is reduced or whether neural 
or hormonal factors account for the alterations seen after 
oral glucose administration. The clinical consequences of 
these findings remain unclear because the general health, 
body weight, and parameters of glucose metabolism re- 
main stable in these animals over a prolonged postoper- 
ative period. 
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Lead Poisoning from Retained Missiles 


An Experimental Study 





WILLIAM I. MANTON, Px.D.* ERWIN R. THAL, M.D.t 





The problem of lead poisoning from bullets has been investigated 
by surgically implanting discs of lead, each enriched in a different 
natural isotope, into the tissue of two mongrel dogs and moni- 
toring by mass spectrometry the release of the lead into each 
animal’s blood over the course of 3 years. Lead placed in the 
knee underwent vigorous attack by the synovial fluid, far in excess 
of what would be expected from corrosion theory, and reached 
a maximum concentration in blood 4-6 months after operation. 
Thereafter, lead concentration exponentially declined as the re- 
maining fragments became encapsulated. The disc placed in 
muscle was sparingly soluble immediately following implantation. 
It is concluded that the greatest danger of lead poisoning from 
an injury involving many fragments having collectively a large 
surface area will occur within a month, and that the cases of 
lead poisoning resulting from bullets in joints that occur 5 or 
more years after injury are caused by continual wear of metal 
on a joint surface, storage of lead so released in the skeleton, 
and its subsequent resorption during a change in osteocyte ac- 
tivity. 


symptoms, lead poisoning can be difficult to di- 

agnose. Lead poisoning from retained bullets is 

not only rare but it is also unpredictable—the interval 
between injury and manifestation of toxic effects vary be- 
tween 2 days and 40 years.!? Understanding the patho- 
genesis of this particular form of plumbism obviously lies 
in uncovering the basic mechanisms, but only two at- 
tempts at experiment have been carried out, one in 1917° 
and the other in 1969.* Both were hampered by the un- 
availability of accurate means of measuring lead in tissue. 
_ With the advent of improved methods in the analytical 
chemistry of trace metals, the following study was designed 
to investigate the temporal relationship between the 
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placement of a known lead source and its release into the 
circulatory system. The study was also designed to com- 
pare the absorption of lead from a joint space with that 
from soft tissue. 


Materials and Methods 


Two 20-kg conditioned mongrel dogs were obtained 
from a commercial kennel and were kept in the animal 
care facilities of the University of Texas Health Science 
Center for 3 months for baseline measurements of blood 
lead concentration and isotope ratio. 

Lead carbonate, 99% enriched in 7°Pb, was purchased 
from Oak Ridge National Laboratory and was reduced 
to the metal by heating in an atmosphere of hydrogen. 
06Pb, 92% enriched, was obtained in wire form from the 
National Bureau of Standards as Standard Reference Ma- 
terial 983. One hundred mg of each was melted between 
slabs of graphite and pressed into subcircular discs about 
6 mm in diameter, each having a surface area of about 
0.5 cm*. The right knee of each dog was surgically opened 
and the disc of *°Pb was pierced and attached to the syn- 
ovium by a suture. The disc of 7°°Pb was placed in the 
vastus medialis muscle. 

Up to 30 ml of blood was periodically drawn from each 
dog and was analyzed for lead concentration and lead 
isotope ratios. Details of the experimental techniques have 
been published elsewhere.’ A series of roentgenograms of 
the joints was also made. 

From the measurements made of concentration and 
isotope ratio, it is possible to calculate the concentration 
of lead in blood attributable to each implant, provided 
that the endogenous component of lead in blood has re- 
mained constant in isotope ratio. By endogenous, we 
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TABLE 1. Concentrations of Lead in Dogs’ Blood (ng/dl) Attributable to Implants in Knee, Thigh, and Endogenous Sources* 


Dog 1 
Day Knee Thigh Endogenous 
—83 m — — 10.9 
—48 a =a = 
30 0.63 0.089 7.98 
56 1.31 0.057 8.43 
99 2.84 0.043 7.21 
128 2.74 0.039 7.52 
167 2.90 0.027 6.37 
207 2.22 0.019 5.26 
255 < — — 
289 1.50 0.045 4.06 
318 = — — 
361 1.47 0.013 4.12 
525 0.70 0.012 1.99 
583 0.61 0.000 1.69 
618 0.63 0.012 1.76 
685 0.61 0.010 1.78 
870 0.38 0.008 1.21 
1056 0.38 0.006 1.11 


* Days are counted from day of surgery. 


mean dietary lead plus lead resorbed from soft tissue and 
skeletal stores that are normally present in blood. This 
assumption is justified below. 

Mass spectrometry has a distinct advantage over con- 
ventional techniques that detect only changes in blood 
lead concentration, because the relative contribution of 
each labeled source can be measured irrespective of overall 
changes in blood lead concentration. | 


Results 


The blood lead concentration data for each dog are 
given in Table 1. Blood lead concentrations produced by 
the endogenous lead and by the implant in the knee are 
plotted in Figure 1. The concentration of endogenous lead 
in the blood of each dog fell steadily during the course of 
the experiment as previously acquired stores of lead in 
soft tissue and bone were excreted, presumably the result 
of the animals being housed in relatively clean conditions 
and being fed only dry food. This decrease is of prime 
importance as it demonstrates that most of what we have 
called endogenous lead is truly endogenous and may be 
assumed to have isotopic ratios identical to those obtained 
in the baseline measurements, thus validating our cal- 
culations. 

The release of lead from the implant in the knee was 
immediate, and its contribution to the blood increased 
rapidly in each animal until 120-180 days after operation 
when the curves peaked and began an exponential decay, 
reaching a steady state 2 years after operation. By contrast, 
the contribution of lead from the implant in the thigh 
was very small except in the first measurements made 30 
days after operation (Table 1). In both dogs, howver, there 
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Dog 2 
Knee Thigh Endogenous Total 
a a — 2.1 
— aaa — 2.5 
1.35 0.16 1.75 3.25 
2.83 0.087 1.88 4.8 
3.01 0.029 1.46 4.5 
4.84 0.026 1.83 6.7 
2.85 0.014 1.24 4.1 
2.87 0.015 1.32 4.2 
2.05 0.088 1.06 3.2 
2.26 0.015 1.13 3.4 
1.98 0.045 1.08 3.1 
1.24 0.003 1.66 2.9 
0.64 0.004 0.76 1.4 
0.62 0.001 0.78 1.4 
0.58 0.005 0.72 1.3 
0.50 0.009 0.59 1.1 
0.39 0.017 0.55 0.96 
0.36 0.019 0.53 0.91 


was an exponential decline in concentration suggesting 
that quantity of lead in blood had its greatest value shortly 
after operation. The first roentgenograms were made 6 
months after operation and showed that the implants in 
the knees had completely disintegrated into a number of 
particles with corroded outlines. Subsequent roentgeno- 
grams showed little change in the appearance in the joint, 
and most of the same particles visible in the first roent- 
genogram had changed neither shape nor position over 
the course of 2 years. No change was apparent in the 
implants placed in muscle, and they still retain the char- 
acteristic shapes they had when first implanted (Fig. 2). 


Discussion 


No true animal model of lead poisoning exists because 
all mammals possess in the sulfydryl bonds of the protein 
of their fur a large lead sequestering pool that is lacking 
in humans. As a result, an animal clears lead from its 
blood far more rapidly than do humans, or, put another 
way, an increase in lead intake will effect a far larger 
change in blood lead concentration in humans than will 
the same increase in an animal. In interpreting the results 
of our experiments, it is not the absolute concentrations 
that are important but rather the shape of the lead release 
curves. 

From the shape of the curve for the disc placed in the 
knee, it 1s clear that the release of lead is controlled by 
two antagonistic processes, an initial one of rapid trans- 
location to blood followed by an inhibitory process that, 
after 3 months, reverses the first process and almost com- 
pletely shuts it down over the next 12 months. From the 
roentgenograms, the first process is one of vigorous attack 
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Fic. 1. Plot against time of blood lead concentration of endogenous lead 
(broken line) and of lead derived from implant in the knee (solid hine) 
for the two dogs used in this study. 


by the synovial fluid, which was sufficient to reduce the 
solid metal disc to a number of disaggregated particles 
within 6 months. The agent responsible has not been 
identified. We did not investigate the nature of the inhib- 
iting agent by opening the joint at the end of the experi- 
ment, but there is good reason to believe that it is encap- 
sulation, a process that was noted by Leonard‘ who, like 
us, placed lead slugs in the joints of dogs. 

We believe that the presence of lead from the disc placed 
in muscle in the blood of both dogs at | month signifies 
that lead placed in other tissue is also soluble until such 
time as it is encapsulated. 

The dissolution of metals in the neutral, saline envi- 
ronment of the body has been compared to corrosion in 
oxygenated seawater. Whereas this generalization may 
be true for the ferrous metals, it does not hold for lead, 
which has high resistance to corrosive attack by seawater, 
losing less than 10 um from tts surface per year in tropical 
waters.’ Lead, however, is dissolved by organic acids.® 
Thus, we suspect that hyaluronic acid with a concentration 
of about 3 g/L ts the agent responsible for its dissolution 
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in synovial fluid. Another fact that sets the process of 
dissolution in the body apart from electrolytic corrosion 
is the production of lead dioxide,’ which cannot occur in 
neutral solutions in the absence of an external voltage.® 

Machle' reviewed the literature on lead poisoning from 
bullets up to 1940 and of 35 first-hand accounts believed 
that only 10 indicated intoxication, whereas another 13 
indicated increased lead absorption. Our criteria for lead 
intoxication have changed over the years and today any 
abnormal absorption is a matter for concern. Unfortu- 
nately, Machle does not list which cases comprised the 
13 indicating absorption. Bearing in mind that lead poi- 
soning was a far more common clinical entity before 1940 
than it is today and that the chances of a clinical diagnosis 
being correct were probably higher then than now, we 
have taken 32 accounts as valid diagnoses and excluded 
only those where the criteria were specious, such as lead 
in cerebrospinal fluid, or unlikely, such as systemic lead 
poisoning arising from a bullet in the brain. 

In compiling Figure 3, which shows the time elapsing 





Fic. 2, Roentgenogram taken of knee and thigh of dog #2 6 months 
after operation. The heart shape of the disc in the thigh is that of the 


disc as originally implanted. Its outline is smooth and shows no sign of % 


corrosion. By contrast, the disc in the knee has disintegrated and some 
particles clearly show corroded embayments. 
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Fic. 3. Time elapsing be- 
tween injury and manifesta- 
tion of plumbism for various 
types of projectiles and for 
projectiles in contact with the 
synovial fluid. 
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between injury and appearance of toxic effects, we have 
used Machle,! the review of Dillman et al.,? and the cases 
recently described by Cagin et al.,!° Switz et al.,!! and 
Linden et al.? Shotgun wounds dominate the cases that 
occur within | year of injury, as already noted by Dillman 
et al.” the 100-mg discs that we implanted are virtually 
the same weight (105 mg) as pellets of No. 7 shot (No. 6 
British), the favored size for use against game birds. The 
normal 12-gauge load of 14,6 oz of this shot contains 287 
pellets, having collectively a surface area of 61 cm?; thus, 
a shotgun wound could bring about 100 times the increase 
in blood lead concentration that we observed from the 
disc implanted in muscle. It must be remembered that 
this observation was made after 1 month, and we are ig- 
norant of the shape of the lead release curve before that 
time. If it passed through a maximum, the release of lead 
could well be great enough to cause intoxication, and we 
would expect most cases of plumbism of this type to occur 
within 1 month of injury. There are three such cases in 
the literature. Van Rossem and Vlaardingerbroek!* ob- 
served colic and elevated blood lead in a man 2 days after 
a shotgun wound to the thigh. Nimier and Laval’? reported 
colic and a lead line 4 weeks after injury with 1.5 g of No. 
9 shot (approximately 30 pellets). Roentgenograms 
showed clearly the infiltration of lead into the palmar 
aponeurosis. Curtillet and Lombard!‘ reported a man who 
died 12 days after a shotgun wound to the forearm. Di- 
agnosis was based on colic, basophilic stippling, anemia, 
and possible encephalopathy. Clear evidence of lead poi- 
soning is lacking in these cases, however. Other cases, 
even though comprising injury by 100 or more pellets, 
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are reported manifesting ‘themselves after several 
months. '>!6 

Our experiment predicts that the greatest danger from 
a projectile in a joint occurs 4—6 months after injury, yet 
there are only three cases described in which lead poison- 
ing occurred within 12 months—Londres!’ reported a 
man with a bullet in the knee, who developed the full 
range of symptoms after 2 months; Ranelleti!® reported 
a man shot in the knee, who also developed the full range 
of symptoms after 9 months; and Linden et al.’ reported 
a woman with a bullet in the knee, who died 5 months 
after injury. It is curious also that the military surgeon of 
the First World War, although familiar with the cloudy 
synovial fluid and the gray-stained synovium resulting 
from bullets in joints, did not record cases of plumbism 
or even comment on its possibility.'? The explanation 
may be that the joint space is a relatively small volume 
and, although dissolution of lead proceeds rapidly, the 
size of the projectile that can be lodged in a joint is seldom 
large enough to yield toxic concentrations before the pro- 
cess of encapsulation takes over. 

After 12 months, little lead is released from the joint 
space, a fact commensurate with the paucity of cases re- 
ported between 1 and 5 years. The majority of cases occur 
after 5 years, and, remarkably, many are associated with 
a projectile in a joint space. We note that in our experi- 
ment the dogs were confined in cages, and we purposely 
investigated only the effects of chemical attack on the 
lead. If we had exercised the animals, it is possible that 
metal particles could have become caught between the 
opposing surfaces of the joint and the protective encap- 
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Fic. 4. Distribution of reports of pilumbism from retained builets in the 
world literature from 1850 to the present. The category, other European 
languages, includes Dutch, Italiam, Russian and Spanish. 


sulating tissue worn away as quickly as it tried to grow. 
Many workers have remarked on the worn, polished ap- 
pearance of bullets found in joints.'!'?°*! Such contin- 
uous wear may also give rise to the fine radiopaque par- 
ticles of lead dioxide, absent in our work, that are dispersed 
through the synovium and highlight the joint space on 
roentgenograms. 

Continuous dissolution of a bullet fragment by the sy- 
novial fluid will cause a constant flow of lead out of the 
joint into blood, which, combined with the logarithmic 
clearance of lead from blood,” will cause the blood lead 
concentration to rise to some steady-state value. If this 
value is below the threshold at which clinical symptoms 
of plumbism appear, the patient could live without ill 
effect indefinitely. To explain the sudden onset of plumb- 
ism, some authors”!® have invoked the release of lead 
from bone as a result of a change in osteocyte activity. 
The hypothesis is an attractive one, as it has been shown 
that lead derived from bone may dominate blood lead,” 
and, in plumbism, bone lead may be 50 times greater 
than values encountered in individuals without excessive 
exposure.”'° Three different states may be recognized: 


(1) Osteoclast activity remains constant but osteoblast 
activity diminishes. This condition is not a diseased state 
but occurs naturally with advancing age or bed rest.” 
More lead is resorbed from bone than can be redeposited 
in new bone, and the blood lead concentration increases. 
Cases involving elderly patients” or patients who had been 
incapacitated shortly before the onset of plumbism!! may 
fall into this category. 
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(2) Osteoblast activity remains normal but osteoclast 
activity increases, as in hyperparathyroidism. Although it 
is a very obvious condition, in which blood lead levels 
should rise, no cases are reported. 

(3) In certain physiologic states, the activity of the os- 
teocytes may be greatly increased. Whereas this condition 
gives rise to increased turnover of bone, the plasma cal- 
cium is in no way affected, because as much calcium as 
is being resorbed is being used again to make new bone. 
About 40% of the lead so released, however, is bound by 
the red cells and enters the blood pool from which it is 
cleared with a half-life of about 24 days.”? The result is 
an increase in blood lead concentration. Pregnancy is a 
natural state in which bone turnover increases, and we 
note that one of the patients described by Linden et al.’ 
gave birth to a stillborn child 15 months after sustaining 
a wound to her right shoulder and thereafter progressively 
deteriorated. Diseased states include thyrotoxicosis, Pa- 
get's disease, sarcoidosis, and neoplasias. Of these, only 
the first has been implicated. ° 


Certain cases of plumbism are not explained by the 
mechanisms outlined above. We recognize two: a slow 
infiltration of lead into the surrounding soft tissue and 
the formation of a fluid-filled cyst. There is one very well 
documented example of the first case, where lead from a 
bullet adjacent to the greater trochanter of the femur dif- 
fused for a distance of 8-10 cm into the surrounding tissue 
over the course of 4 years.”°?’ Here, for some reason, the 
encapsulation process had failed to take place. Two very 
similar examples of cyst formation are described.?*’8 In 
each, bullets were lodged in the L3-L4 region and seemed 
to connect with the joint space. Over the period of 12 
years in one example and 24 years in the other, the bullet 
became surrounded by a cyst-like process filled with a 
viscous fluid containing many finely divided particles of 
lead dioxide. The underlying cause of the dissolution is 
not known, but alcoholism may have been an intercurrent 
factor in one case.” 

There can be little doubt that the danger of plumbism 
is not widely recognized in English speaking countries. In 
the British literature, no report exists, and, in the Amer- 
ican literature, there was no report between 1879 and 
1940, whereas, from 1900 to 1939, five reports appeared 
per decade in French and German literature. Machle’s 
review did create some interest in the problem and resulted 
in the appearance of a number of papers in American 
journals (Fig. 4), but his contribution has to some extent 
been forgotten in recent years. Although the majority of 
the cases in the literature date from more than 50 years 
ago, the problem cannot be considered irrelevant at the 
present time. In 1976, 31,000 deaths from gunshot je 
wounds occurred in the United States, and nonfatal in- _ 
juries may have amounted to three times that number.”” 
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As there is no reason to believe that these figures would 
be any less today, the probability for cases of this particular 
form of lead poisoning to occur exists and may occasion- 
ally be overlooked. 
Conclusions 

From the results of this study we conclude: (1) The 
solubility of lead in body fluids cannot be accounted for 
by corrosion theory and is brought about by other as yet 
unidentified processes. (2) A shotgun wound involving 
many pellets having a large surface area has the greatest 
danger of lead poisoning within a month of injury. Blood 
lead concentrations should be frequently monitored and 
chelation therapy used, if necessary, to keep blood lead 
concentration from rising to toxic levels. (3) A missile 
lodged in a joint space will be subjected to immediate 
attack by the synovial fluid, and blood lead concentration 
may rise to a peak 4—6 months after injury, provided that 
the encapsulation process is not interrupted by wear. In 
view of the well-documented risk of foreign body arthritis, 
missiles known to be in the joint space should be removed. 
If there is any question of a lead fragment being in a joint, 
it can be answered by making serial measurements of 
blood lead concentration. If the concentration continues 
to rise after 1 month, the bullet may be presumed to be 
in the joint space and undergoing solution. (4) Between 
1 and 5 years, there is little chance of lead poisoning. It 
would seem prudent, however, to have a roentgenogram 
or a blood lead concentration measured 1 year after injury. 
(5) Accurate measurements of blood lead levels are dif- 
ficult to make and reliability of a laboratory has been 
impossible to assess. Recently, however, the National Bu- 
reau of Standards has made available certified blood stan- 
dards that can be used to check a laboratory’s perfor- 
mance. 
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In this study the utility of operative ultrasound in the surgical 
management of 98 consecutive patients with liver and gastroin- 
testinal tumors was assessed. All patients had preoperative work- 
up including ultrasound study of the liver as well as selective 
hepatic arteriography (50 patients) and computerized tomogra- 
phy of the liver (45 patients). At surgery, inspection and palpation 
of the liver as well as operative ultrasound examination were 
performed in all cases. Fifty-six patients were known to have 
liver tumors before operation, while 42 patients had their liver 
examined as part of the treatment of a primary gastrointestinal 
malignancy. A total of 126 liver tumors were found in 58 patients, 
all of whom were confirmed histologically. Eighteen nodules un- 
suspected before operation were found at surgery-—nine by in- 
spection and palpation of the liver, and nine others that were 
nonpalpable were found by operative ultrasound only. Eighteen 
lesions that were missed by all diagnostic modalities were found 
as secondary lesions on pathologic examination of the resected 
specimens. In addition to diagnostic applications, operative ul- 
trasound was useful in localizing nodules and permitting guided 
biopsies deep in the hepatic parenchyma. In eight cases, seg- 
mental resections were performed with operative ultrasound to 
localize the plane of section and to catheterize the intrahepatic 
portal vein branch afferent to the tumor in order to perform 
balloon catheter occlusion of the vessel for control of bleeding. 

Operative ultrasound was found to be important in the surgical 
management of 19 of 98 patients (19%). 


HE EVOLUTION OF radiologic techniques—ultra- 
sound, computed tomography (CT), and selective 
hepatic arterlography-——has brought a large num- 

ber of patients with potentially treatable liver lesions to 
the attention of the surgeon, often with an already estab- 
lished diagnosis. However, these techniques do not always 
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provide the topographic precision necessary for the plan- 
ning and execution of anatomic liver resections, which 
can be adapted to the size and location of the lesion and 
the condition of the underlying liver parenchyma. 

Operative ultrasound promises to be a useful tool for 
the liver surgeon because the external landmarks of the 
liver provide only an incomplete guide to the “internal” 
vascular anatomy. In the surgical treatment of liver tu- 
mors, it is expected that the increased information brought 
by operative ultrasound will result in both diagnostic and 
technical advances. 

Operative ultrasound has several advantages that are 
particularly important in hepatic surgery: (1) Since no 
energy is lost by the ultrasound signal by passage through 
the abdominal wall, higher frequency scanning (5 or 7.5 
MHz) can be used, which permits greater resolution and 
the detection of smaller lesions; (2) the ultrasound study 
is performed with the probe in the surgeon’s hand, and 
this the image obtained can be related directly to the ex- 
ternal landmarks of the liver by the position of the probe; 
and (3) sophisticated maneuvers can be performed under 
ultrasound guidance, such as needle biopsy or cannulation 
of biliary or vascular elements.’ 

In this study, we have attempted to define the practical 
consequences of routine use of operative ultrasound in 
the surgery of both primary and secondary liver tumors. 


Materials and Methods 


In 1983 and 1984, operative ultrasound was used in 
the management of 98 consecutive patients with hepatic 
and gastrointestinal tumors. Fifty-six patients were known 
to have liver tumors before operation (25 hepatocellular 
carcinomas, or HCC, 25 secondary liver cancers, 6 benign 
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Fic. 1. This 60-year-old 
man had a liver tumor (T) 
in segment 8. Right. 
Echo-guided puncture of 
the segmental portal vein 
branch of 8. The tip of the 
needle (n) can be identi- 
fied by injecting saline 
and the resulting micro- 
bubbles will appear as 
hyperechogenic shadows. 
Left. Placement of a bal- 
loon catheter (bc) into the 
portal branch of segment 
8. Balloon occlusion per- 
mits intrahepatic vascular 
control to reduce blood 
loss. Note the reduction 
of the diameter of the 
portal branch. 


| 
| 


tumors), while 42 patients without known liver tumors 
had their liver explored during the treatment of gastroin- 
testinal (GI) primary malignancies. 

All patients underwent preoperative hepatic ultrason- 
ography performed by the same examiner. Real-time sec- 
tor scanning with a 3.5 MHz probe (GEM, Sonoscope 
390) (General Equipment Medical France, Arcueil, 


Fic. 2. In this 52-year-old 
man with posthepatitic 
cirrhosis, a 25 mm hy- 
poechogenic tumor (T) of 
segment 5 was discovered 
by screening echography. 
This tumor was unresect- 
able and an embolization 
using butyl acrylate (ba) 
of the portal branch was 
performed with unilateral 
ligation (1) of right branch 
of the hepatic artery (rha). 
mhv = middle hepatic 
vein; rbpv = right branch 
of the portal vein. 





OPERATIVE ULTRASOUND OF LIVER TUMORS 601 





France) was used for all studies. Fifty patients had selective 
hepatic arteriography with delayed parenchymal and ve- 
nous phases of the injection. Forty-five patients had ab- 
dominal CT scans with intravenous contrast. At opera- 
tion, all patients had systematic ultrasound examination 
of the liver, as described previously.?* A sterilizable 5- 
MHz probe was used with either the Aloka model SSD 
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TABLE 1. Diagnosis of Liver Tumors, a Comparison oj Imaging Techniques in the Identification of 126 Liver Tumors {in 98 Patients)" 


Diameter of Tumor Arteriography CT Scan 
Greater than 30 mm 45/60 (75%) 16/20 (80%) 
Between 10 and 30 mm 3/21 (14%) 2/5 (40%) 
Less than 10 mm 3/35 (8%) 2/5 (40%) 
Total 51/126 (40%) 20/30 (67%) 


Preoperative 
Ultrasound 


56/20 (93%) 
20/26 (77%) 
10/40 (25%) 


Surgical 
Exploration 


56/60 (93%) 


20/26 (77%) 
21/40 (52%) 


Operative 


Ultrasound 


57/60 (95%) 
21/26 (81%) 
21/40 (52%) 


86/126 (68%) 97/126 (77%) 99/126 (78.5%) 


* Results expressed as ratio of lesions found by the test/lesions confirmed on histology in the patient having the test. 


256 (AHS France, Cedex, France) or CGR Scanel 500 
(CGR Ultrasonic, Cedex, France), both of which are real- 
time systems with a linear scanning array. 

Intraoperative biopsy was performed to confirm the 
identity of all lesions found unless a tissue diagnosis had 
been obtained before operation. Lesions identified only 
by operative ultrasound were biopsied with a Menghini 
needle under ultrasound guidance. Histologic confirma- 
tion of all lesions was obtained either by biopsy or on 
examination of the resected specimen. 

Ultrasound-guided cannulation of intrahepatic portal 
vein branches was performed in 5 of 26 hepatic resections; 
After puncture of the branch afferent to the tumor, the 
needle was used to inject methylene blue to mark the 
hepatic parenchyma of a specific portal territory.’ For dif- 
ficult resections, a balloon catheter was placed into the 
portal vein branch using the Seldinger technique for the 
performance of an intrahepatic localized porta! vein oc- 
clusion (Fig. 1). 

In three unresectable HCC, the intrahepatic portal 
catheter was used to perform embolization with butyl ac- 
rylate, which, combined with unilateral hepatic artery li- 
gation, produced selective tumor ischemia’ (Fig. 2). Under 
echoguidance, a needle was placed in the portal branch 
of the tumor, and total obstruction of this vein was ob- 
tained by injections of butyl acrylate. A Silastic® sling was 
placed around the hepatic artery and its two extremities 
brough out through the abdominal incision to obtain, in 
the postoperative period, a temporary occlusion of the 
hepatic artery, and, as a result, a selective total ischemia 
of tumoral nodules.’ In addition, the occulsion of the por- 
tal branch of the tumor aims to avoid retrograde portal 
extension of the tumor by the intraportal tumoral clot, 
which is frequently present. 


Results 


In this group of 98 patients (56 with liver tumors known 
before operation and, in the 42 patients without known 
liver tumors before operation, two with hepatic mestas- 
tases discovered during operation and 40 without tumors), 
126 tumoral nodules were found by a combination of the 
above techniques with surgical exploration and/or his- 
tology of the specimen. 

The 25 patients with HCC had 49 tumoral nodules, 
and 27 patients with hepatic metastases were found to 
have a total of 71 tumoral nodules in the liver. In two of 
these patients, liver metastases unknown before operation 
and undetected by intraoperative palpation were found 
during operation only by ultrasound. In the first patient, 
with an apparently localized cancer of the head of the 
pancreas, hepatic ultrasound, CT scan, and selective ar- 
teriography showed no evidence of metastases. However, 
operative ultrasound demonstrated a 1.2-cm lesion that 
was confirmed by guided needle biopsy. In the second 
case, a nonpalpable liver metastasis from a sigmoid pri- 
mary tumor was found by operative ultrasound despite 
negative preoperative ultrasound and CT. 

The 40 remaining patients had treatment of gastroin- 
testinal (GI) primary tumors with no evidence of liver _ 
lesions at the time of surgery. 

In the six patients with known benign liver tumors, the 
tumors were found to be solitary at operation; three had 
hemangiomas, two had focal nodular hyperplasia, and 
one had hepatic adenoma. 


Diagnostic Efficacy of Imaging Technique 


The relationship between tumor size and successful de- 
tection by the different imaging techniques is summarized 


TABLE 2. Sensitivity, Specificity, Predictive Value, and Diagnostic Precision of Imaging Techniques in Liver Tumors 


Arteriography CT Scan 
(%) (%) 
Sensitivity 38 66 
Specificity 57 93 
Positive predictive value 94 95 
Negative predictive value 44 58 


Diagnostic precision 39 58 


Preoperative Ultrasound 


Surgical Exploration Operative Ultrasound 
(%) (%) (%) 


68 77 78.5 
97.5 95 100 
98 97 100 
49 38 59 
To gi 84 
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Fic. 3. This 62-year-old 
woman with posthepatitic 
cirrhosis had a HCC dis- 
covered by screening with 
alphafoeto-protein. The 8 
mm tumor (T) was non- 
palpable at surgery and was 
localized in segment | and 
biopsied using operative 
ultrasound. ihv = left he- 
patic vein: mhv = middle 
hepatic vein; rhv = right 
hepatic vein; vci = veina 
cava. 


in Table |. The sensitivity, specificity, and predictive value 
of the studies are presented in Table 2. 

Using the preoperative studies, nearly all of the tumors 
greater than 3 cm were identified before operation (Table 
1). A single false-positive result was noted in this group 
in which a segmental atrophy in a cirrhotic liver was mis- 
taken for a hypervascular tumor on arteriography. One 
tumor was found by operative ultrasound alone. For tu- 
mors between | and 3 cm in diameter, preoperative studies 
were less sensitive: only 14% of the lesions were detected 
by arteriography. Preoperative ultrasound detected 77% 
of these tumors. Three additional lesions were found at 
surgery; all superficial lesions were evident on inspection 
of the liver. Preoperative studies were less reliable in tu- 
mors less than | cm in diameter. Nine of these were dis- 
covered by inspection and palpation of the liver, while 
nine others were nonpalpable and discovered by operative 
ultrasound only. Eighteen liver nodules not detected by 
a diagnostic test were found by a careful examination of 
the resected specimen. 
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In the imaging of liver tumors, positive studies have a 
high predictive value (Table 2). Operative ultrasound 
complements surgical palpation, since it detects more 
deeply placed lesions that are difficult to palpate, especially 
in abnormal hepatic parenchyma (Fig. 3). 


Topographic Precision in the Imaging of Liver Tumors 


As shown in Table 3, both preoperative ultrasound and 
CT provide accurate segmental localization of the tumor 
in most cases. Operative ultrasound permits the location 
of the tumor to be confirmed at surgery even when the 
tumor is not palpable (Fig. 4). 


Utility of Operative Ultrasound (Table 4) 


Of the 25 patients with HCC, 14 were found to have 
unresectable disease at laparotomy. In three patients, 
nonpalpable contralateral metastases were found by ul- 
trasound, which led to a decision not to perform resection. 
Three of these 14 patients were treated with selective in- 


TABLE 3. Segmental Localization of Hepatic Tumors. A C omparison of the Accuracy of Imaging Techniques* 


Tumor Diameter Arteriography CT Scan 
Greater than 30 mm 
Between 10 and 30 mm 


Less than 10 mm 


32/45 (71%) 
2/3 (67%) 
2/3 (67%) 


13/16 (81%) 
2/2 (100%) 
2/2 (100%) 


Preoperative Ultrasound 


Surgical Exploration Operative Ultrasound 


54/56 (96%) 53/56 (95%) 56/57 198%) 
19/20 (95%) 18/20 (90%) 21/21 £100%) 
7/10 (70%) 17/21 (81%) 21/21 °100%) 


* Results presented as a ratio of tumors correctly localized/tumors diagnosed by that test in the patient having the test. 
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trahepatic portal embolization and delayed hepatic artery 
ligation. Of the 11 patients who underwent resection, three 
were noncirrhotic and eight were cirrhotic. Of the three 
patients without cirrhosis, one underwent orthotopic 
transplantation, the second extended right hepatectomy, 
and the third, who had had a left extended hepatectomy 
| year previously, underwent localized resection of a non- 
palpable recurrence, which was performed under ultra- 
sound guidance. In the eight cirrhotic patients, three (2 


TABLE 4. Influence of Operative Ultrasound on the Surgical 
Management of 98 Patients with Hepatic and 
Gastrointestinal Tumors* 


Effect of Operative Ultrasound 


Resection 
of More Resection 
Patients Liver Wider Limited Contra- 
Diagnosis {N} Tumors Resection Resection indicated 
Hepatocellular 
cancer 25 11 2 3 
Liver metastases 25 15 2 2 
Benign liver 
tumors 6 5 0 I 0 
Nonhepatic GI (Primary resected in 
tumors 42 41) 
Total 98 4 9 6 


19 (19%) 
* Information obtained by operative ultrasound altered the surgical approach in 
19 of 98 patients (19%). 
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Fic. 4. This 68-year-old man 
had a liver metastasis (T) 
from a cancer of the rectum 
discovered 2 years after 
treatment of the primary. 
Ultrasound demonstrated 
clearly the location of the 
tumor in segment 6, permit- 
ting a segmental resection. 
rhv = right hepatic vein; rbpv 
= right branch of portal vein. 


with lesions in segment 8 and | with a lesion deep in 
segment 4) were treated with subsegmental resections, us- 
ing balloon catheter control of portal venous bleeding, 
and five with more accessible tumors were treated with 
smaller resections that could have been performed without 
operative ultrasound. Operative ultrasound played a sig- 
nificant role in the treatment of seven of the 25 patients 
with HCC. 

Of the 25 patients with liver metastases, ten had un- 
resectable tumors. Two patients in this group had intra- 
operative discovery of nonpalpable contralateral lesions, 
which led to a decision not to resect the principal mass. 
In the 15 resected patients, ten formal anatomic resections 
were performed. Five patients were treated with segmental 
resections under ultrasound guidance, of which two were 
performed using intrahepatic portal vein occlusion to 
control bleeding. Operative ultrasound was important in 
nine of the 25 patients with metastatic liver disease. 

As described earlier, operative ultrasound identified 
nonpalpable liver metastases in two of the 42 patients 
with nonhepatic GI malignancies that would not otherwise 
have been recognized. 

Operative ultrasound was useful in one of the six pa- 
tients with benign liver tumors. A nonpalpable liver tumor 
that had been identified by preoperative studies was biop- 
sied during operation and found to be benign. Localized 
liver resection was performed. % 

In reviewing the entire series of patients, operative ul- ` 
trasound improved the therapy of 19 of 98 (19%) patients 
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with abdominal pathology and of 17 of 56 (30%) patients 
operated on for liver tumors. 


Discussion 


The findings of this review emphasize the utility of op- 
erative ultrasound in digestive surgery. It is most impor- 
tant in two situations: (1) when the detection of small 
lesions is important, such as mandatory in-screening for 
liver metastases, and (2) in the diagnosis and therapy of 
liver tumors in patients with abnormal hepatic paren- 
chyma, such as in cirrhosis or in patients who had previous 
liver surgery. Although most patients can be managed 
successfully without these techniques, operative ultra- 
sound is often helpful and sometimes necessary. 

The diagnostic utility of operative ultrasound in the 
management of HCC in cirrhosis has been stressed by 
several authors.” Sheu et al. have reported that 49.5% 
of NE less than 3 cm in size were nonpalpable at sur- 
gery.° A pessimistic attitude toward the treatment of small 
HCC in cirrhosis is not appropriate, since 5-year survivals 
of pratt than 50% have been reported in two recent 
series.’ 

Operative ultrasound has been used to eoi intra- 
operative maneuvers that have been introduced by several 
Japanese authors, in particular Makuuchi and Hase- 
gawa.™? The intrahepatic cannulation of the portal vein 
has as its basis the observation that the intrahepatic dis- 
semination of HCC often occurs by the mechanism of 
malignant portal vein thrombosis.'!° As the thrombus 
progresses toward the hilus from the portal vein branch 
afferent to the tumor, emboli are showered distally at each 
portal vein bifurcation. The hepatic territory correspond- 
ing to the portal thrombosis is thus at risk for tumor 
spread. With ultrasound guidance and balloon catheter 
insertion when necessary, localized liver resections, which 
preserve liver parenchyma and provide adequate tumor 
margins, can be performed. These considerations are crit- 
ical in the cirrhotic patient in whom the risk of postop- 
erative hepatic insufficiency is important.!! 

Anatomic liver resections based on the segmental anat- 
omy described by Couinaud!? were described and per- 
formed before the introduction of operative ultrasound."3 
However, their planning and execution are made more 
precise by the reliable anatomic data provided by operative 
ultrasound. Adequate tumor margins can be obtained 
without the systematic performance of extended liver re- 
sections for all tumors. 1? 
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Although operative ultrasound permitted the diagnosis 
of two unsuspected liver metastases in a series of 42 pa- 
tients with extrahepatic primary tumors, its role as a 
screening device is uncertain. It does not resolve the prob- 
lem of micrometastasis, and, in the absence, of effective 
adjuvant therapy for GI malignancies, the therapeutic 
consequences of improved methods of detection must be 
the subject of further study. 

In the surgery of benign tumors, the role of operative 
ultrasound is primarily in the performance of guided nee- 
dle biopsy; thus, the identity of suspicious lesions can be 
established without resection. Blind radical resections for 
inacessible lesions therefore can be avoided. 

As greater experience is accumulated, the role of op- 
erative ultrasound in liver surgery will be better defined. 
Our initial experiences were highly favorable, and we have 
now adopted it as a routine practice. The anatomic pre- 
cision that operative ultrasound provides permits greater 
confidence in the execution of surgical maneuvers in liver 
disease. 
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Arterial Reconstruction in the Lower Extremity. Herbert Dardik. 
235 pp. New York, McGraw~Hill Book Co. 1986. $55. 


REVASCULARIZATION of the lower extremity may be the most 
challenging and often the most frustrating undertaking for the 
vascular surgeon. In this thoughtfully arranged monograph, the 
author shares with the reader many “tricks of the trade” learned 
from a vast experience in the treatment of lower extremity isch- 
emia. This text is a concise presentation of the technical aspects 
of femoropopliteal and femorotibial bypass grafting that will be 
valued by both the neophyte and the experienced vascular sur- 
geon. 

Well written and easy to read, this volume is liberally illus- 
trated with line drawings, arteriograms, and color photographs 
that strongly support the discussion. All phases of the surgical 
management of lower extremity vascular insufficiency are ad- 
dressed, including preparing and draping the patient, wound 
care, and graft positioning. Typical patterns of peripheral vascular 
disease are reviewed, emphasizing which factors influence prog- 
nosis and surgical results. The surgical exposure of the iliac, 
femoral, popliteal, and infrapopliteal vessels are effectively dem- 
onstrated. Separate chapters discuss graft materials and anas- 
tomotic technique. The experienced vascular surgeon will be 
interested in the chapter “Special Techniques and Variations,” 
in which transluminal angioplasty, sequential bypassing, and 
adjunctive distal arteriovenous fistula are described and dis- 
cussed. The in situ saphenous vein technique is described, but 
in less detail than one would expect for such a technically ori- 
ented monograph. 

If this book has a weakness, it lies in the author’s desire, ad- 
mitted in the preface, to omit data. While such data may affect 
readability, they strengthen content. The author does, however, 
supply carefully selected references with each chapter and an 
abstract with each reference. Thus, in a novel fashion, the author 
has provided a useful guide that any vascular surgeon would 
like to have readily available. 


ERLE H. AUSTIN HI, M.D. 
Greenville, North Carolina 


Cardiac Surgery. John W. Kirklin, Brian G. Barratt-Boyes. 1550 
pp. New York, John Wiley & Sons, Inc. 1986. $: 50. 


THIS REVIEW CONCERNS a new cardiac surgical text written in 
its entirety by Dr. John Kirklin and Sir Brian Barratt-Boyes. 
This is a monumental work of greater than 1500 pages and is a 
record of the pioneering roles that both these exemplary surgeons 
have played in the development of cardiac surgery. The text is 
laid out in a very logical sequence and reviews the depth and 
breadth of cardiac surgery in great detail. For the most part, it 
represents the personal opinions and experiences of the authors 
and exemplifies their own style of practice. In addition, the 


chapters are accurately illustrated by John W. Desley, which 
enhances the presentation greatly. The authors have called many 
of their associates, residents, and fellows throughout the years 
to make additions and suggestions for the chapters, and these 
contributions are evident. 

Of special note is the emphasis on the thought processes that 
take place before operation, in the operating room, and after 
operation in the care of specific cardiac surgical problems. Also, 
operative and postoperative results are dealt with in a logical, 
statistical analysis that has been the hallmark of these authors. 
The several chapters on congenital heart disease are especially 
noteworthy in that they represent the state of the art in surgical 
practice at this time. The chapter on aortic valve disease is ex- 
cellent and the in-depth discussion of the indications, operative 
techniques, and results of free homograft replacement of the 
aortic valve timely. Each chapter has an extensive bibliography, 
which is listed alphabetically and is a bit cumbersome to use. 
However, this probably represents the largest single bibliographic 
listing of publications regarding cardiac surgery available today. 

This book is a major work and will be desired reading for 
cardiothoracic surgeons, pefusionists, nurses, and students of 
this specialty for years to come. It is likewise a tribute to the 
work of these two remarkable men. 


JOHN W. HAMMON, JR, M.D. 
Nashville, Tennessee 


The Ischemic Leg. Richard F. Kempczinski. 587 pp. Chicago, 
Year Book Medical Publishing, Inc. 1985. $69.95. 


WITH THIS TEXT, Dr. Kempczinski and 54 contributors have 
succeeded in providing a comprehensive, unified approach to 
the patient with lower extremity ischemia. The book is logically 
divided into five sections. The first includes fine chapters on 
atherogenesis, the natural history of atherosclerosis, and diabetes 
mellitus. The second part, diagnosis, deals with noninvasive 
vascular testing in a practical manner and contains excellent 
chapters on conventional and digital subtraction angiography. 
Nonoperative management updates more recently developed 
modalities such as hemorrheology and thrombolytic therapy and 
emphasizes the recognition and management of associated cor- 
onary artery disease. The chapter on percutaneous transluminal 
angioplasty is cumbersome, however, and an expanded treatment 
of this important topic would have been valuable. 

Surgical management of the ischemic leg is the largest section 
of the book. Here, emphasis is on operative indications, patient 
selection, and results rather than on surgical technique. Newer, 
evolving methods such as the in-situ saphenous vein bypass are 
well reviewed, while more controversial procedures such as the 
use of arm veins as conduits and adjunctive arteriovenous fistulas 
in distal extremity bypass are also presented. A final section on 
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amputation, which stresses its role as a reconstructive surgical 
technique, makes the text complete. 

Most of the contributors are recognized authorities who in- 
corporate their personal results into the chapters. The chapters 
are generally concise and very well written, although there is 
some repetition. The references are particularly complete, pro- 
viding classic articles as well as recent publications. The book 
is handsomely bound and the print easy to read. Tables and 
figures are, for the most part, clear and effective. The reproduc- 
tion of arteriograms is variable. 

In summary, this monograph is thorough, current, concise, 
and well written. It should serve as an excellent guide for residents 
and attending surgeons who are faced with the problem of the 
ischemic leg. 


RAYMOND G. MAKHOUL, M.D. 
Durham, North Carolina 


Pioneering Research in Surgical Shock and Cardiovascular Sur- 
gery: Vivien Thomas and His Work with Alfred Blalock. Vivien 
T. Thomas. 245 pp. Philadelphia, University of Pennsylvania 
Press. 1985. $24.95. 


ANYONE ENTERING the Johns Hopkins Hospital from Broadway 
first passes the impressive two-story-high statue of Christ, whose 
arms are outstretched to the weary and heavy-laden; then, at 
the corridor a left turn and then a right bring one to the Blalock 
Building, the lobby of which displays two portraits, one each on 
opposing walls, One of the portraits is, appropriately enough, of 
Alfred Blalock, the esteemed father of cardiac surgery. The other 
is of one Vivien Thomas. But Thomas? Who is he? You say that 
he 1s admired, respected, and emulated by everyone, from the 
“Professor” and all who trained under him right on throughout 
the ranks of Hopkins’ personnel? You say that a major share of 
the credit for the pioneering cardiac surgical advances made at 
Hopkins during the 40s and °50s belongs to him? You say that 
he has earned only a high school diploma but was awarded an 
honorary Doctor of Laws degree from Hopkins? And that he 
“broke the ice” for employment of black people at Hopkins? 
You say that his:‘formal remarks during the ceremony dedicating 
his portrait had the audience guffawing one moment and sniffling 
away the tears the next? How can we learn more about this 
remarkable man? E 

We need wait no longer. Vivien (as everyone who ever knew 
him respectfully calls him) has written of his life in a delightfully 
candid and scholarly manner: the story of his many trials, which 
often gave way to victories, of his innovations, which often were 
overlooked but later justly credited, of his adherence to the high 
principles and discipline that he first learned from his parents, 
and overall how his dedicated and skilled work as Dr. Blalock’s 
chief technician gave him deep satisfaction and ultimately rec- 
ognition. Little space is given to his personal life (other than to 
establish the fact of a constant devotion to his family), but much 
detail is provided of Vivien’s various professional duties, routines, 
tasks, and challenges. In fact, this quality of factual detail should 
make the book a valuable resource for the in-depth student of 
surgical history. 

Frankly, I savored every page of this book, from the beginnings 
at Vanderbilt on through and beyond the Blalock years at Hop- 
kins. Its several themes are interwoven in masterly fashion: an 
uneducated black man breaking new paths of opportunities for 
his race, a technician making original and innovative contri- 
butions that often took some time to be credited properly, the 
progressive unfolding from an intimate perspective of an exciting 
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whole new subspecialty of surgery having massive potential im- 
plications, and several others. 

I found myself wondering, however whether another reader 
who had not happened to have Hopkins in his or her background 
would become as engrossed as those of us who did. I think they 
would—-and might just possibly enjoy the experience even more, 
since this particular legend might for them be less familiar in 
advance and, therefore, prove the more fresh and absorbing. In 
any event, I recommend without qualification that you (of 
whatever background) should pick up the book and begin; I 
think you might be surprised at the captivating interest of its 
story. | 

Vivien laid the book to rest with a 1985 copyright date. Later 
that same year Vivien himself was laid to rest. Those who at- 
tended that final ceremony assure me that it was accompanied 
by the same spirit of joyful sincerity and inspiration that char- 
acterized Vivien Thomas’ life and that permeate his book about 
that life. 


DWIGHT C. MCGOON, M.D. 
Rochester, Minnesota 


Maingot’s Abdominal Operations, 8th Edition, Vol. 1 & 2. Sey- 
mour I. Schwartz, Harold Ellis. 2441 pp. East Norwalk, Con- 
necticut, Appleton—Century-Crofts. 1985. $195. 


AMONG THE HANDFUL of surgical texts that have been valued 
references for multiple generations of surgeons, Maingot’s Ab- 
dominal Operations remains as one of the pillars of the general 
surgeon’s personal library. The eighth edition represents an his- 
toric turning point for this classic work, as it is the first edition 
that does not bear the personal effort of its creator, Rodney 
Maingot. Harold Ellis and Seymour Schwartz have clearly taken 
great effort to insure that while this latest edition continues the 
authoritative tradition begun 45 years before, it also represents 
a contemporary reference on abdominal surgery. With the help 
of 78 contributors, the work has been extensively revised and 
updated. The primary emphasis continues to be focused on gas- | 
trointestinal, hepatic, biliary, and pancreatic surgery, with ad- 
ditional sections devoted to radiologic and endoscopic diagnostic 
procedures, peritonitis and retroperitoneal disorders, and surgery 
of the abdominal wall. The real strength of the work continues 
to be in the area of surgery of the gastrointestinal tract, liver, 
and pancreas. 

Particularly outstanding contributions in the sections on in- 
testinal surgery include the chapters on neonatal intestinal ob- 
struction and Hirschsprung’s disease by Lewis Spitz, the chapters 
on intestinal obstruction and colon and rectal disorders by Har- 
old Ellis, and the chapters “Duodenal and Gastric Ulcer” by 
David Johnston, “Partial and Total Gastrectomy” by John S. 
Kirkham, and “Complications Following Gastric Operations” 
by J. Lynwood Herrington, Jr., and John L. Sawyers, among 
others. An excellent review of the application of staplers in gas- 
trointestinal surgery is provided by Drs. Steichen and Ravitch. 
The sections on hepatic and biliary surgery are remarkably com- 
plete and informative. The chapters on hepatic cysts and tumors 
by Seymour Schwartz are superb, as is the chapter “Transplan- 
tation of the Human Liver” by Drs. Starzl, Iwatsuki, and Shaw. 
In addition, the chapters on intra- and extra-hepatic biliary dis- 
ease provide an unusually complete and well-illustrated survey 
for the student and for the experienced surgeon as well. Finally, 
the chapters on disorders of the pancreas and spleen are each 
written by internationally recognized authorities in these areas, 


- and reflect their expertise. 
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In general, the chapters are superbly illustrated, and the op- 
erative figures by R. N. Lane and by Pauline Lariviére, a pupil 
of Max Brdédel, contribute greatly to the overall clarity and 
handsomeness of the book. Any criticisms that might be levied 
against this work are either minor, such as the poor quality of 
reproduction of figures in an isolated chapter, or philosophical, 
such as the attempt to include a review of abdominal aortic 
aneurysm disease in what is so clearly an otherwise outstanding 
reference for intestinal and endocrine surgery of the abdomen. 
While the overall scope of the text continues to reflect Maingot’s 
eclectic interests and prodigious skills in abdominal surgery, the 
real value of this eighth edition lies in its use as a definitive 
resource for younger surgeons and for experienced operators as 
well. It is an outstanding addition to any library and will be 
much relied on by those with a serious interest in general surgery. 


DANA K. ANDERSEN, M.D. 
Brooklyn, New York 


Surgical Approaches to Cutaneous Melanoma, Vol. 7 in the Pig- 
ment Cell Series. Charles M. Balch. 212 pp. Basel, Switzerland, 
Karger. 1985. $72.50. 


IT HAS BEEN ESTIMATED that the incidence of malignant mela- 
noma has increased 8-12 times over the past 10 years, and, 
subsequently, general surgeons are seeing more patients with 
this disease. In the text, the editor Charles Balch, has defined 
the state of the art concerning the diagnosis, indications for 
treatment, and technical details for the operative approach to 
malignant melanoma. The 12 chapters draw on a massive 
amount of data from the personal experience as well as literature 
reviews of well-known experts in the field. Individual chapters 
concerning the management of melanoma-in-situ, acceptable 
biopsy techniques for handling the primary melanoma in various 
body regions, as well as the role of elective and therapeutic lymph 
node dissections, are included. Other sections discuss the com- 
plications of lymphadenectomy, the role of limb perfusion in 
both stages | and 2 disease, and the surgical treatment of systemic 
metastases. The final chapter outlines simple plastic surgical 
techniques useful in closing tissue defects from the wide excision 
of the primary melanoma. The technical details of the various 
operative procedures are well outlined and illustrated. 

The chapter by Dr. Wanebo (Charlottesville, VA) was partic- 
ularly inciteful in presenting both sides of the most controversial 
issue concerning malignant melanoma; that is, the efficacy of 
elective node dissections. Sound recommendations are made 
for node dissections based on the tumor thickness of the primary 
melanoma. Plentiful references are available in this section and 
throughout the text for further research. 

One shortcoming of the book is the lack of consensus among 
the authors concerning the handling of the primary melanoma. 
Although this could be influenced by the primary site being dis- 
cussed, there was no clear directive as to the absolute minimum 
margin needed around the primary melanoma (quoted from 
0.5-2.0 cm) or whether the underlying fascia needed to be in- 
cluded in the resection. 

It is recommended that this monograph should be included 
in the library of most medical centers as well as in the personal 
library of dermatologists and surgeons who deal with this disease. 


DOUGLAS S. REINTGEN. M.D. 
Durham, North Carolina 
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Comprehensive Textbook on Oncology. A. R. Moossa, Martin 
C. Robson, Stephen C. Schimpff. 1307 pp. Baltimore, Williams 
& Wilkins. 1986. $125. 


DOCTORS MOOSSA, ROBSON, AND SCHIMPFF have put together 
an excellent textbook covering the field of oncology. The editors 
have provided a uniform presentation from chapter to chapter 
despite contributions by multiple authors. The use of color pho- 
tographs enhances several of the chapters, and, finally, the print 
is easy to read. 

The book is divided into two parts. The first part is dedicated 
to general concepts in the field of oncology and is divided into 
four sections. There is the obligatory section on basic patho- 
physiology of neoplasia, an interesting section on principles and 
applications of diagnostic methods, and the standard section on 
basic principles of cancer therapy. From the point of view of 
uniqueness, as well as universal applicability, the last section on 
complications of neoplastic diseases is superb. In essence, this 
section chronicles the effects of cancer on the patient, the family, 
and the doctors caring for the patient with cancer. 

The second part deals with individual organ site cancers and 
their management. Each chapter is written by an experienced 
oncologist, albeit medical, surgical, pediatric, or radiation. Again, 
the uniformity of presentation makes each chapter eminently 
readable, enjoyable, and understandable. It is remarkably easy 
for a reviewer to find fault with a small subsection of a book 
dealing with clinical management strategies, but I honestly have 
to submit that I cannot do such with this part of Doctor Moossa’s 
book. In particular, the sections dealing with the cancers treated 
by “surgical oncologists” are particularly current and accurate. 

This book is a practical, as up-to-date as possible guide to the 
management of malignancies and the care of patients with can- 
cer. It is not the definitive management book for fulltime on- 
cologic specialists, but it is the primer for all physicians who, in 
one way of another, deal with patients with cancer. It is a must 
for all hospital and surgical departmental libraries, as well as 
surgeons who treat patients with cancer. If only the price were 
a little more affordable, this would be the oncology text for med- 
ical students and surgical housestaff. I personally look forward 
to the timely arrival of future editions. 


GEORGE A. PARKER, M.D. 
Richmond, Virginia 


Diseases of the Liver and Biliary System, 7th Edition. Dame 
Sheila Sherlock. 578 pp. Oxford, England, Blackwell Scientific 
Publications. 1985. $66.50. 


THE SEVENTH EDITION of Dame Sheila Sherlock’s classic Dis- 
eases of the Liver and Biliary System is one of the few remaining 
major medical textbooks by a single author. This edition, like 
the previous six, is current, comprehensive, and concise. In fact, 
despite a vast increase in knowledge of pathophysiology, diag- 
nosis, and treatment of hepatic diseases that has occurred since 
the 1981 edition, the book has been lengthened by only 36 pages 
and remains less than half the size of the other leading textbooks 
of hepatology. Yet nothing of importance seems to be missing. 
The references are ample and recent, many of them coming 
from the 1984 and 1985 medical literature. 

The reader benefits from the author’s concise and didactic 
style, which allows digestion of any single chapter in a relatively 
brief period of time. Each chapter relates appropriately to the 
whole, resulting in a well-balanced text with a minimum of rep- 
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etition. In order to maintain the book at a reasonable length, 
many controversial topics are incompletely developed. Rather, 
the perspectives and, to some degree, the prejudices of a single 
experienced and skilled clinician are clearly presented. 

There is much for the surgeon with either a primary or sec- 
ondary interest in diseases of the liver and biliary tract. The 
chapters on ascites, encephalopathy, and hepatic failure provide 
practical and up-to-date information for the management of 
these complex problems. The sections on endoscopic sclerosis 
and drug therapy for variceal hemorrhage have been appropri- 
ately expanded in the portal hypertension chapter. The final 
chapter is a superb summary in only six pages of the present 
status of hepatic transplantation. Both the references and the 
author’s view of liver transplantation (from pessimism to cau- 
tious optimism) have considerably changed since the 1981 edi- 
tion. 


LAYTON F. RIKKERS, M.D. 
Omaha, Nebraska 


Perioperative Cardiac Dysrhythmias: Mechanisms, Recognition, 
Management. John L. Atlee HI. 451 pp. Chicago, Year Book 
Medical Publishers. 1985. $49.95. 


A VARIETY OF TEXTS dealing with the recognition, treatment, 
and etiology of cardiac dysrhythmias as well as the indications 
for pacemaker therapy have recently been published. Until the 
present monograph, however, no one publication served as a 
self-contained source of recent information of practical value to 
all who care for surgical patients either before, during, or after 
operation. Each chapter of Dr. Atlee’s text is exceedingly well 
organized and clearly written, and the majority of chapters con- 
clude with a concise and very informative summary section. 
Nearly half of the references cited have been published within 
the past 5 years. In addition to describing normal and abnormal 
electrophysiological mechanisms, causes for perioperative cardiac 
dysrhythmias are discussed in detail. The chapters on dysrhyth- 
mia recognition and management are exceptionally well written 
and informative. The section on cardiac pacemakers is very 
complete and provides the anesthesiologist and surgeon with 
practical guidelines for management of pacemaker patients dur- 
ing operation. Important and common problems such as pace- 
maker inhibition by electrocautery are specifically dealt with. 
The chapter dealing with the management af specific cardiac 
dysrhythmias is also well done and contains useful tables listing 
common cardiac dysrhythmias, principal causes, and appropriate 
management. An unfortunate error appears in Table 9-2, page 
404, where the loading dose for bretylium is incorrectly stated 
as 1-2 mg/kg/min instead of 1-2 mg/min. in summary, the 
major strength of this monograph is its completeness in dealing 
with the entire field of dysrhythmia recognition and manage- 
ment. Although specifically written for the practicing anesthe- 
siologist, this monograph has broad appeal and will be a valuable 
source of practical information for surgeons and cardiologists 
as well. 


JAMES E. LOWE, M.D. 
Durham, North Carolina 


Current Surgical Therapy, 2nd Edition. John L. Cameron. 562 
pp. St. Louis, B. C. Decker, Inc./C. V. Mosby Co. 1986. $62. 


THE SECOND EDITION of Dr. Cameron’s text is, like the first 


æ which it follows by 2 years, a handbook for the day-to-day prac- 
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tice of general surgery. It has been rewritten completely by new 
authors and is meant both to update and to serve as a companion 
to the first edition. 

The book’s 148 chapters, including 11 which did nat appear 
in the prior edition, cover gastrointestinal surgery, portal hy- 
pertension, hernias, trauma, perioperative care, diseases of the 
endocrine glands, breast, chest wall, vascular system and soft 
tissues. Each chapter represents the personal approach of a rec- 
ognized authority, with alternatives and controversies presented 
as the author perceives them. There are no references and rather 
few figures and tables. The chapters are usually three to five 
pages in length, with greatest emphasis placed on management 
issues: workup, operative strategy, and perioperative care. The 
writing is concise and simple, as if one surgeon were telling an- 
other about a problem and how to deal with it. 

This volume should be most useful to its intended reader, the 
practicing general surgeon. Knowledge of surgical prinicples and 
technique is assumed, and the book is neither proposed to serve 
as a reference on surgical science nor as a basic textbook for 
students or intermediate-level trainees. The senior surgical res- 
ident seeking to crystallize his thinking on the management of 
specific problems and the practitioner in search of an expert 
opinion on a clinical topic in general surgery will find the dis- 
cussions to be clear, brief, and sensible. 


JONATHAN R. HIATT, M.D. 
Los Angeles, California 


Surgery of the Esophagus, 2nd Edition. R. W. Postlethwait. 604 
pp. East Norwalk, Connecticut, Appleton—Century—Crofts. 1986. 
$110. 


THE SECOND EDITION of Postlethwait’s Surgery of the Esophagus 
is almost a word-for-word reprinting of the first edition, which 
was published in 1979. The chapter headings are the same, and 
no chapter has been rewritten. Even the total pages are practically 
identical. The format, however, has been improved in that the 
volume is larger with better type and improved reproduction of 
roentgenograms and illustrations. In addition, some new draw- 
ings have been added. The material, for the most part, has been 
updated by inserting new paragraphs and sentences here and 
there, particularly when dealing with the results of certain op- 
erative procedures. In addition, the references at the end of each 
chapter have been updated. Unfortunately, the list of references 
has grown so as to be almost unmanageable. One hundred forty 
of the 625 pages, almost one quarter of the volume, are devoted 
to references. 

It is unfortunate that the author still discusses “Barrett’s 
esophagus” in the chapter on congenital anomalies since it has 
long been known that this is an acquired condition. It would 
bemore appropriate to discuss it as a complication of gastro- 
esophageal reflux. The inclusion of gastroesophageal reflux in a 
chapter on sliding and paraesophageal hernias is a bit outdated 
since reflux is a physiologic abnormality due to hypotension of 
the lower sphincter and may not be related specifically to the 
presence or absence of a sliding hernia. The inclusion of outdated 
procedures no longer performed, such as the Allison operation, 
seems unnecessary. 

The value of the monograph would have been enhanced 
greatly if the author had critically analyzed the results of various 
operative procedures for a specific condition and made rec- 
ommendations accordingly. For example, the uninformed reader 
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has no way of knowing which of the various antireflux operations 
described should be used and under what conditions. 

The monograph is without question an encyclopedic coverage 
of most aspects of esophageal surgery. Its usefulness to the stu- 
dent, general surgeon, and, for that matter, the esophageal sur- 
geon and gastroenterologist is really quite limited for it is not 
always easy to determine from this volume just how best to treat 
a specific condition. It remains, however, an extraordinarily use- 
ful repository of information, and, if the references were listed 
in a more useful way, just the bibliography itself would be worth 
the price of the book. 


F. HENRY ELLIS, JR., M.D. 
Burlington, Massachusetts 


Management of the Patient with Cancer. Thomas F. Nealon, Jr. 
758 pp. Philadelphia, W. B. Saunders Co. 1986. $95. 


THIS IS THE THIRD EDITION of Dr. Nealon’s cancer textbook, 
which has become one of the standard textbooks in the field. It 
is a well-balanced text with chapters from a very distinguished 
list of cancer specialists. The book has a surgical flavor with an 
emphasis on staging, pathology, and surgical treatment. On the 
other hand, most disease-oriented chapters are multidisciplinary; 
there are subsections about surgical treatment chemotherapy, 
immunotherapy, radiation therapy, and rehabilitation. It is a 
comprehensive and broad-based textbook, which not only in- 
cludes the common cancers, but also some excellent chapters 
about unusual or frequent diseases, such as sarcomas, melano- 
mas, adrenal and parathyroid carcinomas, cardiac and medias- 
tinal neoplasms, gestational tumors, and esophageal carcinoma. 
There are also chapters outlining the specialty areas, such as 
genito-urinary, gynecologic, brain, pediatric, and head and neck 
tumors. In fact, the only mild criticism one can make about this 
book is that the chapters on the more infrequent tumors were 
oftentimes more comprehensive than those involving common 
tumors. On balance, however, this is a good reference text that 
covers priniciples of cancer management without being ency- 
clopedic. It strikes a good balance between those who want a 
basic textbook about oncology for the medical student or resident 
on the one hand, and a handy reference source for the specialist 
in cancer management on the other. 


CHARLES M. BALCH, M.D. 
Houston, Texas 


Pediatric Surgery, 4th Edition, Vol. 1 & 2. Kenneth J Welch, 
Judson G, Randolph, Mark M. Ravitch, James A. O'Neill, Jr., 
Marc I. Rowe. 1647 pp. Chicago, Year Book Medical Publishers. 
1986. $250 (2-volume set). 


THE FOURTH EDITION of Pediatric Surgery, edited by Welch, 
Randolph, Ravitch, O’Neill, and Rowe, follows its predecessor 
by 7 years. It is impressive both in layout and size. The attractive 
two-volume set has a text of nearly 1600 pages and an index of 
almost 100 pages. It contains 33 totally new chapters, and more 
than half of the contributors are new as well. The volumes con- 
tain more than 1000 photos and illustrations—many new— 
which are uniformly superb in quality and reproduction. Errors 
in the text and illustration are infrequent. 

Along with much new material come several major changes 
in the organization of the book such that malignant tumors, 
trauma, and transplantation, among others, are grouped as sep- 
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arate considerations. New and up-to-date discussions of prenatal 
diagnosis, the immunocompromised child, and respiratory sup- 
port make the book far more current than one would normally 
expect in so large a text. References are generally abundant and 
inclusive of recent articles. Again organized by anatomic area, 
the sections on the abdomen and the thorax are of highest quality. 
The great interest of most pediatric surgeons in urology is well 
served by 250 very well organized and illustrated pages on the 
G-U system. Major revisions and reorientation of cardiac, or- 
thopedic, and neurologic surgery exist, and they are grouped 
together under “Special Areas of Pediatric Surgery.” This re- 
orientation of these areas of specialization has appropriately ab- 
breviated sections, which in the previous edition were almost 
textbooks in themselves. The section on cardiac surgery is superb 
and a perfect reference for the pediatric surgeon who does not 
perform cardiac surgery but needs more than a passing knowl- 
edge and understanding of congenital heart disease in children. 
Although this section suggests that the hypoplastic left heart syn- 
drome is not reparable, a concept no longer thought true in 
many centers, it is otherwise a joy to read. The abbreviation of 
the orthopedic and neurologic surgery sections is also appropriate 
but leaves out some important entities, such as a complete dis- 
cussion on the management and prognosis of myelomeningocele 
and other congenital spinal malformations. 

As with any multiauthored texts, some chapters are far better 
than others. The editor’s individual contributions are uniformly 
exemplary. Also noteworthy are the superb discussions of am- 
biguous genitalia, anorectal malformations, and cloacal ex- 
strophy. On the other hand, the sections on the lymphomas and 
gastrointestinal bleeding are mediocre at best. In some of the 
tumor chapters, the actual incidence and prognosis of the lesions 
are hard to glean (e.g., ovarian tumors), whereas, in others, this 
information is quite clear (e.g., testicular tumors). An additional 
problem in multiauthored texts is duplication of material and 
conflict in opinion regarding the management of certain disor- 
ders. These, too, are kept to a surprising minimum in these 
volumes; however, the diagnosis and management of the H-type 
tracheoesophageal fistula, management of Pierre Robin syn- 
drome, and use of heparin in renal vein thrombosis are examples 
of topics with very different recommendations depending on 
which chapter is read. 

The fourth edition of Pediatric Surgery belongs in the office 
of every surgeon who dedicates a significant portion of his prac- 
tice to the care of children. Although the price is reasonable 
considering the size and superb quality of the books, it is, none- 
theless, too high for many others to acquire a personal copy. 
This notwithstanding, all surgeons and surgical residents must 
have easy access to these volumes. The editors deserve the ad- 
miration and thanks of their colleagues for having produced the 
gold-standard, state-of-the-art reference for children’s surgeons. 
The fifth edition will be a challenge if they expect to make the 
book better! 


ARTHUR J. Ross IH, M.D. 
Philadelphia, Pennsylvania 


Surgical Treatment of Digestive Disease. Frank G. Moody, Larry 
C. Carey, R. Scott Jones, Keith A. Kelly, David L. Nahrwold, 
David B. Skinner. 847 pp. Chicago, Year Book Medical Pub- 
lishers. 1986. $99.50, 


FOR THOSE SURGEONS who are interested in and practice general 


surgery in its broadest terms, including pediatric, endocrine, pe- « 
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ripheral vascular, trauma, oncology, etc., there must be a natural 
reluctance to accept any formal subspecialty status of any part 
of the field of surgery. This reluctance, of course, must be jux- 
taposed against the increasing sophistication of diagnostic and 
therapeutic techniques, understanding of pathophysiology, and 
ability to deliver expert intraoperative and perioperative care in 
each of these specialized areas. Dr. Moody understands these 
modern-day tensions well, as he has compiled Surgical Treat- 
ment of Digestive Disease with five widely recognized experts 
in the field of surgical gastroenterology. 

The book starts out explaining its premise that the qualified 
general surgeon must understand the principles of digestive sur- 
gery in the high-tech era of the eighties. Many disease processes 
. of the gut can be approached operatively; however, important 
adjuncts, including interventional radiology, parenteral nutrition, 
and newer generation antibiotics, have made important impacts 
on surgical decision making, Dr. Moody has enlisted 85 other 
contributors in the book, nearly all being internationally rec- 


ognized contributors in their areas of expertise—van Sonnenberg 


in interventional radiology; Skinner, Payne, and DeMeester in 
esophageal disorders; Cheung, Fromm, and Ritchie in gastric 
disorders; Cameron, Nahrwold, DenBesten, Tompkins, and 
Jones in hepatobiliary disease; Carey, Warshaw, Ranson, and 
Moossa in pancreatic disease, and finally, Fazio, Condon, Kelly, 
Copeland, and Boley in small and large bowel disorders. Each 
contributes recognized excellence to their efforts, backed by their 
` personal research or clinical contributions to the field. Many 
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younger contributors are part of this work, reflecting the teaching 
capabilities of their mentors. Finally, Part VII, the final 20 pages, 
are “Invited Commentaries” by senior statesmen—Drs. Belsey, 
Rhoads, Hermann, Warren, Howard, and Goligher, which give 
a closing overview and insight that I found informative and de- 
lightful. 

Overall, the book is well outlined, extensively referenced 
largely with work done in the 1980s, and concise. Illustrations 
and algorithms are well presented. Clinical problems are pre- 
sented well and controversies identified. If an author’s bias is 
apparent, it is often identified as such and explained. 

It is hard to find fault with this work. Expansion of the dis- 
cussion of intestinal motility might be of additional value. The 
expanding field of gastrointestinal hormones and their effect on 
physiology might have been more centrally focused. Such, how- 
ever, does not and should not detract from the overall excellence 
of this work. 

Surgical Treatment of Digestive Disease thus represents an 
important work for any who subspecialize as digestive surgeons. 
Likewise, it stands as a comprehensive, readable, and authori- 
tative text for students, residents, and surgeons in a complex 
and expanding field. Dr. Moody and his five contributing authors 
have added significantly to the area, and further editions should 
be eagerly awaited. 


JOHN B. HANKS, M.D. 
Charlottesville, Virginia 


Letters to the Editor 


March 24, 1986 
Dear Editor: 


Electrocautery instruments have been used routinely for the 
excision of tissue from the urinary bladder, prostate gland, and 
other sites for many years. These instruments decrease blood 
loss from dissected tissues because the surfaces are coagulated 
as they are separated by the cutting edge. This is advaniageous 
when an excisional breast biopsy is performed because it reduces 
the risk of hematoma formation in the biopsy cavity and the 
operation can be completed in a shorter period of time. 

Pathologists are familiar with the histological effects of thermal 
damage on biopsied tissue caused by electrocautery. These 
changes, routinely encountered in biopsies of the urinary bladder 
and prostate gland, may cause substantial diagnostic problems. 
The purpose of this letter is to draw attention to the phenomenon 
in breast biopsy material. 

Most breast biopsies consist of a single, intact sample of tissue. 
Consequently, thermal damage is usually limited to the surface 
of the specimen, generally penetrating not more than a milli- 
meter. The depth and intensity of effect undoubtedly vary with 
the manner in which the instrument is used, the character of 
the tissue, and the size of the specimen removed. When a number 
of small samples are removed from a relatively limited portion 
of the breast, repeated exposure to electrocautery can cause 
thermal damage in the tissue to a considerable depth. 

The histological changes in the breast caused by thermal injury 
do not differ from those seen at other sites. (Figs. 1-3). The effect 
is to severely alter cytological details. In the most extreme sit- 





FIG. 1. Extreme cautery artefact in breast tissue at the margin of a limited 
resection for breast carcinoma. This portion of the specimen is uninter- 
pretable. It may be a lobule, an inflammatory infiltrate, a benign prolif- 
erative lesion, or carcinoma. 


uations, microscopic architecture may be distorted as well. As 
a consequence, the distinction between normal, hyperplastic, 
and neoplastic tissues may become difficult or impossible. The 
damage is maximal at the edges or marginal surfaces of the tis- 





FIGS. 2A and B. A. Cautery artefact extends more than | mm mto this breast biopsy causing considerable distortion of lobules. B. Higher magnification 
of tissue near the lower right corner of Figure 3A. The underlying structure of a lobule is evident on the right side. Shrunken, distorted cells around 
the lobule may be invasive carcinoma or adenosis. 
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Fics. 3A and B. A breast biopsy performed in a 46-year-old woman with a suspicous mammogram. A. Moderate thermal damage in a lobule. This 
is most likely normal! or mildly hyperplastic tissue. B. Small duct with extreme thermal damage. The epithelium is uninterpretable. 


sues. Consequently, electrocautery artefacts may severely limit 
assessment of the margins of excision when mammary carcinoma 
is to be treated by limited resection and primary radiotherapy. 
When breast conservation is being considered, examining the 
margins of excision is regarded to be important since mastectomy 
may be recommended to some patients with positive margins’ 
or they may receive an additional radiation “boost” to the biopsy 
site." 

When excision of carcinoma is carried out with little or no 
surrounding breast parenchyma, thermal damage may occur in 
the tumor itself. This may be a particularly serious problem in 
the excision of recurrent or metastatic lesions such as skin nod- 
ules and lymph node metastases. The histological effects may 
interfere with the assessment of microscopic prognostic features 
of the primary tumor such as nuclear and histologic grade. 
Damage to cells within ducts may make it impossible to deter- 
mine whether intraductal carcinoma is present in tissue outside 
the tumor mass, an observation that has been used to predict 
the likelihood of recurrence at the primary site in the breast.? 

The thermal effect may produce other significant changes in 
the tissues. Reduced estrogen receptor activity has been described 
in tissues excised by electrocautery.” ® In a number of instances, 
the decrease in receptor activity can be sufficient to result in a 
false-negative report. We have confirmed this phenomenon in 
a small series of surgically excised specimens. The tumor samples 
were divided and one portion briefly treated with electrocautery. 
Cytosol receptor activity was consistently lower in the cautery 
exposed sample. Estrogen, progesterone, and androgen receptors 
were strongly positive in the uncauterized sample in one case 
but were negative in cautery exposed tissue from the same tumor. 

Histochemical study of prostate and breast specimens after 
electrocautery treatment reveals a decrease in cytoplasmic flu- 
orescent steroid binding and a concomitant increase in fluores- 
cent nuclear activity." It has been suggested that the reduction 
in measurable cytoplasmic estrogen receptor caused by electro- 
cautery is due at least in part to redistribution of the protein to 
nuclei as well as thermal destruction of receptor. 

Surgeons should be aware of these complications of the use 
of electrocautery in breast surgery. While there are advantages 
to the use of these instruments for breast biopsies, the potential 


detrimental effects must also be considered. In general, it would 
seem preferable to avoid the risk for introducing the thermal 
alterations of electrocautery whenever possible. 


Acknowledgments 


Photographs were prepared by Kin Kong and Margaret Ryon. 


PAUL PETER ROSEN, M.D. 
New York. New York 


References 


l. Fisher B, Bauer M, Margolese R, et al. Five year results of a ran- 
domized clinical trial comparing total mastectomy and segmental 
mastectomy with and without radiation in the treatment of breast 
cancer. N Engl J Med 1985; 312:665-673. 
_ Harris J, Connolly JL, Schnitt SJ, et al. Clinical-pathologic study 
of early breast cancer treated by primary radiation therapy. J 
Clin Oncol 1983; 1:184-189. 
3. Schnitt SJ. Pathologic predictors of early local recurrence in Stage 
Land I] breast cancer treated by primary radiation therapy. Cancer 
1984; 53:1049. 

4. Bloom ND, Johnson F, Pertshuck L, Fishman J. Electrocautery: 
effects on steroid receptors in human breast cancer. J Surg Oncol 
1984; 25:21-24. 

5. Pertshuck LP, Tobin EH, Tanapat P, et al. Histochemical analyses 
of steroid hormone receptors in breast and prostate carcinoma. 
J Histochem Cytochem 1980; 28:799-8 10. 

6. Rosenthal LJ. Discrepant estrogen receptor protein levels according 
to surgical technique. Am J Surg 1979; 138:680-681. 


hr 


December 26, 1985 
Dear Editor: 


Dr. Tilanus and his colleagues concluded that the saphenous 
vein is by far superior to PTFE as a femoropopliteal bypass, 
largely on the basis of a relatively low 5-year cumulative patency 
rate for PTFE of 37%.' What is most interesting, however, is 
their 1-year PTFE patency rate of only about 43%. Such a low 
first-year success rate for PTFE is unusual for a group of patients 
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characterized by 46% with intermittent claudication, 29% with — 


rest pain, and 25% with tissue loss. Several larger studies have 
reported l-year cumulative patency rates of greater than 75% 
for combined above- and below-knee femoropopliteal bypass 
with PTFE?“ in patients at greater risk than those of Tilanus 
and colleagues. 

The decision of Tilanus and colleagues to use only 8 mm 
grafts is unique in the literature and in sharp contrast to those 
who achieved better results using only 6 mm grafts or smaller 
6.5-4.5 mm tapered grafts.7* While the authors based their de- 
cision to use 8 mm grafts on the rapid intimal thickening they 
observed on 4 mm grafts in dogs, the recent work of Camilleri 
et al. demonstrates that in humans the lumenal lining on patent 
PTFE grafts may range from only 0.01 to 0.05 mm at up to 5 
years. In the absence of significant intimal thickening, the use 
of an 8 mm graft instead of a 6 mm graft could reduce graft 
blood flow velocity by over 40% if the flow rate is controlled by 
distal run-off resistance. Unnecessarily low graft blood flow ve- 
locity most likely would result in a high rate of early failures, as 
observed by Tilanus and colleagues. 

Ever since Sauvage et al.° first postulated the existence of a 
thrombotic threshold velocity (TTV), investigators have studied 
the significance of graft diameter’ and tried to measure TT Vs 
for various graft materials.*? Sauvage et al.'° and Christenson 
et al.® both measured similar TT Vs for PTFE of 5.5 cm/sec and 
5.1 cm/sec, respectively. This translates to a critical flow rate of 
about 160 ml/min for an 8 mm graft, or 90 ml/min for a 6 mm 
graft. 

The results of Tilanus and colleagues suggest that 8 mm PTFE 
grafts should not be used for femoropopliteal bypass. 


MICHAEL E. MCCLURKEN, PH.D. 
Tempe, Arizona 
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March 6, 1986 
Dear Editor: 


Dr. McClurken from Impra Inc. suggests that our decision to 
use 8 mm diameter PTFE for femoropopliteal bypass is unique 
in the literature and the main obstacle to achieving better results. 
In fact, at the start of our study! in 1978, there was no such 
thing as a standard PTFE femoropopliteal bypass. Up to 1980, 
PTFE of different diameters tapered, and no tapered grafts were 
used.*~* Our own experience before we started this trial consisted 
of 13 patients with 8 mm PTFE femoropopliteal bypasses for 
limb salvage. After a follow-up at 2 years, we had four occlusions. 
Thus, when we started this trial, we used the 8 mm PTFE praft 
and continued to do so in order not to bias the study. After the 
completion of the study, we changed our policy to 6 mm di- 
ameter PTFE. 

However, there is a great variety in patency rates among dif- 
ferent studies on PTFE in the femoropopliteal bypass, and we 
think a 1-year patency rate of 75%,° as quoted by Dr. McClurken 
must be achieved mainly by a percentage above knee-grafts in 
the study as much as nearly 70%. Moreover, more important to 
us seems the long-term follow-up because after the first year 
after operation there still is a constant drop off of PIFE grafts. 
Recent carefully analyzed studies with 3—6-year patency rates 
between 20 and 40%°’ strengthen our opinion that the material 
of choice for a femoropopliteal bypass is the saphenous vein and 
that PTFE is a second choice regardless of the diameter of the 
graft. 

H. W. TILANUS, M.D. 
Rotterdam, The Netherlands 
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January 15, 1986 
Dear Editor: 


I read the paper by H. A. Pitt and colleagues, “Does Preop- 
erative Percutaneous Biliary Drainage Reduce Operative Risk 
or Increase Hospital Cost?” Ann Surg 1985; 201:545, with great 
interest. The paper is excellent, the protocol proper, and the 
conclusions drawn probably correct. In surgery—or more exactly 
in modern medicine—one of the basic problems is the risk- 
cost-benefit ratio. In the discussed paper, I feel that one point 
has been missed. Since it is, at least in my opinion, important, 
I take the courage to comment on this point and to ask the 
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authors’ opinion about the final outcome—mortality and mor- 
bidity included—of the seven duodenopancreatectomies per- 
formed. 

In the series of all 75 patients, there were 29 cases of pancreatic 
cancer, seven of which have been removed by a Whipple’s pro- 
cedure or by total pancreatectomy. It implies the high quality 
of surgical skill and technique; the rate of resected cases is much 
higher than the usual figures in the literature, usually not more 
than 10%. I feel that the heart of the matter is the outcome of 
these resection procedures, in spite of the fact that a duodeno- 
pancreatectomy could be considered as only a palliation; but 
the best palliation is the resection. Although I read the paper 
repeatedly, I was not able to find an answer to an important 
question: How many patients survived from the four operations 
in the PTD group and how many from the other three in the 
“no PTD” group? Unfortunately, these numbers are too small 
for any statistical considerations, except if there were a marked 
difference between the mortalities of these two subgroups, for 
example, no death after PTD and all but one in the no PTD 
group. In other words, is the overall tendency of mortality and 
morbidity in these small subgroups the same, as in the two groups 
randomized? . 

If the answer is yes, my comment is pérfectly useless; but if 
no, the higher hospital cost cannot be the basis of the final con- 
clusion, although the cost of hospitalization is a shocking one. 

I personally performed 19 Whipple’s procedures with only 
one death, unfortunately due to the failure of the anesthetic 
machine, but with a rather high rate of postoperative compli- 
cation caused in most of the cases by the usual question of “one 
or two stage” procedure. I would be glad to operate on patients 
unicterized by the help of the PTD, though I perfectly agree with 
your comment concerning the patients’ immune and metabolic 
State. 


M. GERGELY, M.D. 
Szolnok, Hungary 


March 10, 1986 
Dear Editor: 


My coauthors and I would like to thank Dr. Gergely for his 
interest in our paper.’ He commented on the resectability rate 
among patients with pancreatic cancer (7 of 29 patients) and 


questioned the outcome of the seven patients who underwent - 


pancreatoduodenectomy. None of those seven patients died; and 
of 45 patients undergoing pancreatoduodenectomy at UCLA 
from 1980 through 1984, only one patient died in the postop- 
erative period, a mortality rate of 2%.? Moreover, the one death 
occurred approximately 3 weeks after operation from a cerebral 
hemorrhage. 

In my opinion, the increased resectability rate and improved 
postoperative mortality are both due, at least in part, to better 
patient selection. Computerized tomography has enhanced our 
ability to detect both liver metastases and the extent of the pri- 
mary lesion. Moreover, nonoperative methcds to relieve biliary 
obstruction have afforded surgeons the luxury of not having to 
operate on patients with advanced disease and those at greatest 


- risk for anesthesia. Finally, total parenteral nutrition has en- 


hanced our ability to support those patients who do develop 
postoperative complications. In some of these patients, nutri- 
tional support may interrupt the cascade of events that in the 
past usually resulted in death. Thus, improved morbidity and 


s mortality following pancreatoduodenectomy may have as much, 
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or more, to do with preoperative patient selection and postop- 
erative management as with intraoperative technique. 


HENRY A. PTIT, M.D. 
Baltimore, Maryland 
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February 23, 1986 
Dear Editor: 


I have read with considerable interest the article on “Branched 
Chain Amino Acid Enriched Solutions in the Septic Patient” 
by Dr. J. E. Fischer and coworkers. Although I appreciated the 
effort done by the authors to clarify the real effects of the BCAA 
on metabolism of septic and catabolic patients, there are two 
obscure points in the paper: (1) Nothing is written about the 
type of sepsis the patients entering the study had, the causes of 
their sepsis remain unknown and no data are given about basal 
parameters of these patients. (2) The scheme of parenteral nu- 
trition chosen provided a huge amount of nitrogen (1.5 g/kg/ 
day as protein equivalent, which means 16.8 g free nitrogen for 
an average 70 kg patient). 

The differences in the basal state of the patients chosen for 
the study may in fact remarkably alter the results of parenteral 
nutrition and the final outcome. This actually obliged the authors 
to express the data concerning the short-turnover plasma protein 
concentrations both as absolute values and as percentage of the 
original figures. This means that the group was substantially 
inhomogeneous, and, consequently, few absolute results can be 
drawn. Secondly, the amount of nitrogen given per day appears 
quite conspicuous for a septic patient, who is generally hyper- 
azotemic and highly urea producing. The experience of current 
clinical practice shows that most septic patients have high or 
very high levels of plasma, BUN and poorly tolerate great 
amounts of exogenous amino acids, even if an increased per- 
centage of BCAA and no nonessential amino acids are provided. 

One could argue that the patients chosen by Dr. Fischer and 
coworkers had normal basal BUN levels, and therefore they were 
not the most seriously septic patients entering the intensive care 
unit. In my experience the BCAA enriched solution lowered the 
BUN levels of hyperazotemic postsurgical patients only when 
given in amounts of 4-8 g of free nitrogen/day. 

I would very much appreciate an answer to these questions 
by Dr. Fischer and coworkers. 


DOMENICO PICCOLBONI, M.D. 
Naples, Italy 


March 26, 1986 
Dear Editor. 


Dr. Piccolboni raises a number of interesting questions and 
one that goes to the heart of the controversies concerning treat- 
ment of patients with overwhelming sepsis. In general, his ques- 
tions can be summarized in three areas: (1) Why the high nitrogen 
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intake? (2) In patients who tend to be azotemic, is it not foolish 
to give such large amounts of branched-chain amino acids? (3) 
What was the origin of the sepsis? 

Taking the questions in reverse order, the source of sepsis in 
almost all patients was intra-abdominal and generally had mixed 
flora, including Escherichia coli, bacteroides, and some noso- 
comial organisms, such as Serratia, etc. 

The points concerning the large intake of nitrogen are well 
taken. Our practice in giving 1.5 g/kg as protein equivalent does 
add up to a lot of nitrogen for a patient, but this is the current 
evolution of thinking and practice of nutritional support teams 
in the United States. According to some data, nitrogen is the 
preferred fuel. According to others, it may be that increased 
amounts of nitrogen are responsible for improved hepatic protein 
synthesis. 

Certainly, in this patient group there was no azotemia. In fact. 
4-8 g of nitrogen given as branched-chain amino acids is gen- 
erally inappropriate because it is insufficient to support hepatic 
protein synthesis in patients with this degree of sepsis. As Dr. 
Piccolboni points out, none of these patients was azotemic, and, 
in fact, their rise in BUN was not substantial. 

Undoubtedly, many of the points that Dr. Piccolboni raised 
will continue to be controversial as the etiology and some of the 
metabolic changes in sepsis become more apparent. 


JOSEF E. FISCHER, M.D. 
Cincinnati, Ohio 


March 14, 1986 
Dear Editor: 


Tru-cut® needle biopsy for diagnosing breast cancer! comes 
as a surprise. Fine needle aspiration cytology (FNAC) is an ac- 
cepted and established technique of diagnosing breast cancer. 
In a comparison of diagnostic results obtained by FNAC and 
Tru-cut or open biopsies, Innes and Feldman? encountered seven 
cases in which FNAC provided a diagnosis of neoplasm when 
Tru-cut biopsy (4) and open biopsy (3) did not (2 of these were 
breast cancers). The simultaneous in-and-out and radiating mo- 
tion of the needle in FNAC provides a fan-like sampling pattern, 
and cellular material is collected from throughout the mass. With 
Tru-cut needle, sampling of the same volume would require 
multiple biopsies. Tru-cut and open biopsies fail if extensive 
necrosis is present. FNAC increases the chances of obtaining 
tissue from viable areas. Dixon and associates? have reported 
99% sensitivity and 95% specificity in 328 patients. Wollenberg 
and associates* obtained a 65% sensitivity and 100% specificity 
in 231 FNACs. The predictive values of positive and negative 
diagnoses were 100% and 89.6%, respectively, and the overall 
diagnostic accuracy was 91.3%. Three fourths of the faise-neg- 
ative results were due to sampling errors. There was no false- 
positive result. 

FNAC is easy and less costly. Multiple aspirations can be 
performed without danger. Only slight pain is encountered dur- 
ing the procedure; it rarely continues after the needle is removed. 
FNAC causes minor bruising only—no hematomas, no infec- 
tion, Tru-cut biopsy, on the other hand, causes marked bruising 
and hematomas.’ Most of the false-negatives are due to sampling 
error, and false-positives occur only during the learning phase. 
Experienced and interested cytopathologists and cytotechnolo- 
gists can eliminate false-positives altogether, thereby strength- 
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ening clinicians’ trust in a positive cytologic diagnosis. False- 
positives are, however, seen even with Tru-cut biopsy’ and frozen 
section biopsy.° FNAC should, therefore, be the initial diagnostic 
procedure for a breast lump. 


V, K. KAPOOR 
ARVIND KUMAR 
L. K. SHARMA 
New Delhi, India 
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April 10, 1986 
Dear Editor: 


We recognize the value of the thin needle aspiration for di- 
agnosis of breast carcinoma. However, we feel more comfortable 
with a tissue diagnosis before subjecting the patient to radical 
mastectomy. The Tru-cut® needle biopsy with frozen section 
provides a rapid, reliable, simple, and economic method of tissue 
diagnosis. 


ENRIQUE GONZALEZ, M.D. 
WARREN D. GRAFTON, M.D. 
Shreveport, Louisiana 


Dear Editor: 


On the basis of their indirect immunofluorescence (IFL) stud- 
ies Cerilli and coworkers state that complement-fixing autoan- 
tibodies directed against vascular endothelial cell antigens and 
antibodies to autologous monocytes are the underlying cause of 
endothelial cell damage in the development of atherosclerosis. 

In recent years, several authors have described similar results 
concerning Crohn’s disease, chronic intestinal obstruction, and 
burns.'? In these cases, specificity was proven. Cerilli and as- 
sociates are convinced of the specificity of the antibodies causing 
atherosclerosis as well. 

These findings would be of great importance, but, unfortu- 
nately, the results may be seriously doubted because of meth- 
odologic faults. After isolation of cells, the trays were fixed with 
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formalin and stained with eosin. It is now well-known that fixants 
such as formalin may give false-positive results and alter relevant 
autoantigens.” It has to be shown that the antibodies described 
react with unfixed tissue and cells. To our mind, the antibody 
findings of Cerilli and coworkers are not valid to demonstrate 
specific autoantibodies to vascular endothelial cells, and thus 
they do not contribute to the understanding of the etiology of 
atherosclerosis, 


H. KOGEL, M.D. 

J. F. VOLLMAR, M.D. 

W. A. SCHERBAUM, M.D. 
Ulm, West Germany 
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April 7, 1986 
Dear Editor: 


We appreciate the comments of Drs. Kogel, Vollmar, and 
Scherbaum regarding the significance and importance of these 
findings. However, we wish to alleviate their concerns regarding 
the possibility of errors in methodology in our study. 

It is true that isolated cells in the cytolytic process were fixed 
with formalin, but the immunologic reaction between the mem- 
brane-bound antigen and any antibody occurred while these cells 
were still viable and unfixed. Thus, it would be impossible for 
the variable of fixation to play a role in the antigen/antibody 
interaction. We would also like to indicate that the methodology 
employed is the standard technique used throughout the world 
in screening for antibody against histocompatible antigens. 

It is true that in our indirect fluorescent analysis (IFA) the 
target tissue had been fixed with acetone prior to being exposed 
to the unknown sera. We recognize that fixation of tissue does 
introduce a variable with the IFA technique; however, we believe 
that our controls compensated for this variable. For instance, 
sera from a patient with atherosclerosis was tested against his 
own blood vessels but also, in most instances, against second 
party controls. Secondly, if the reactions observed were non- 
specific, the removal of the antibody by absorption would not 
be dependent on the cell types used for absorption. Thirdly, the 
pattern of distribution of the immunofluorescent staining that 
was observed in our studies was always limited to the endo- 
thelial cell layer and was not observed with the other components 
of the vessel wall as one might expect in a nonspecific reaction. 

We thank Dr. Kogel and associates for their comments and 


- recognize that our results, while encouraging, require further 


study both in patients and in animal models. 


JAMES CERILLI, M.D. 
Albany, New York 
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PRIMAXIN is highly effective for infections caused by indicated bacteria in most body sites: 
lower respiratory tract, urinary tract, skin and skin-structure, intraabdominal, gynecologic, 
and bone and joint infections, bacterial septicemia, and endocarditis. 

PRIMAXIN is not active against chlamydiae and Pseudomonas maltophilia, some strains of 
Pseudomonas cepacia, many strains of methicillin-resistant staphylococci, Streptococcus 
faecium, some strains of anaerobic corynebacteria, and some strains of Flavobacterium. 
PRIMAXIN is contraindicated in patients who have shown hypersensitivity to any component 
of this product. Before initiating therapy with PRIMAXIN, careful inquiry should be made con- 
cerning previous hypersensitivity reactions to penicillins, cephalosporins, other beta-lactams. 
and other allergens. If an allergic reaction to PRIMAXIN occurs, discontinue the drug. 
Serious hypersensitivity reactions may require epinephrine and other emergency measures. 

In vitro susceptibility does not necessarily imply in vivo effectiveness. 
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Contraindications: PRIMAXIN is contraindicated in patients who have shown 
hypersensitivity to any component of this product. 


Agr SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ana HER 


= REACTIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH 
BETA LACTAMS. THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS 
WITH A HISTORY OF SENSITIVITY TO MULTIPLE ALLERGENS. 

THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY 
REACTIONS WHEN TREATED WITH ANOTHER BETA LACTAM. BEFORE INITIATING 
THERAPY WITH PRIMAXIN, CAREFUL INQUIRY SHOULD BE MADE CONCERNING 


PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, 


OTHER BETA LACTAMS, AND OTHER ALLERGENS. IF AN ALLERGIC REACTION TO 
PRIMAXIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis has been reported with virtually all antibiotics, including 
PRIMAXIN: therefore it is important to consider its diagnosis in patients who 
develop diarrhea in association with antibiotic use. This colitis may range in 
severity from mild to life threatening. 

Mild cases of pseudomembranous colitis may respond to drug discontinuance 
alone. In more severe cases, Management may include sigmoidcscopy, appropriate 
bacteriological studies, fluid, electrolyte, and protein supplementation, and the use 
of a drug such as oral vancomycin, as indicated. Isolation of the patient may be 
advisable. Other causes of colitis should also be considered. 


Precautions: Genera/—CNS adverse experiences such as myoclonic activity, con- 


fusional states, or seizures have been reported with PRIMAXIN. These experiences 
have occurred most commonly in patients with CNS disorders (e.g., brain lesions or 
history of seizures) who also have compromised renal function. However, there were 
rare reports in which there was no recognized or documented underlying CNS 
disorder. Close adherence to recommended dosage schedules is urged especially 


in patients with known factors that predispose to seizures. Anticonvulsant ther- 


apy should be continued in patients with a known seizure disorder. If focal 
tremors, myoclonus, or seizures occur, patients should be placed on anticonvulsant 
therapy. If CNS symptoms continue, the dosage of PRIMAXIN should be decreased 
or discontinued. 

As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of 


nonsusceptible organisms. Repeated evaluation of the patient's condition is essen- 


tial. If superinfection occurs during therapy, appropriate measures should be taken. 
While PRIMAXIN possesses the characteristic low toxicity of the beta-lactam group 
of antibiotics, periodic assessment of organ system function during prolonged 
therapy is advisable. 

Drug Interactions—Since concomitant administration of PRIMAXIN and probenecid 


results in only minimal increases in plasma levels of imipenem and plasma half-life, 


it is not recommended that probenecid be given with PRIMAXIN. 
PRIMAXIN should not be mixed with or physically added to other antibiotics. 


However, PRIMAXIN may be administered concomitantly with other antibiotics, 


such as aminoglycosides. 

Carcinogenesis, Mutagenesis, Impairment of Fertility—Gene toxicity studies were 
performed in a variety of bacterial and mammalian tests in vivo and in vitro. The 
tests were: V79 mammalian cell mutation assay (PRIMAXIN alone and imipenem 
alone), Ames test (cilastatin sodium alone), unscheduled DNA synthesis assay 
(PRIMAXIN), and in vivo mouse cytogenicity test (PRIMAXIN). None of these tests 
showed any evidence of genetic damage. 

Reproduction tests in male and female rats were performed with PRIMAXIN at 
dosage levels up to 8 times the usual human dose. Slight decreases in live fetal 
body weight were restricted to the highest dosage level. No other adverse effects 
were observed on fertility, reproductive performance, fetal viability, growth, or 
postnatal development of pups. Similarly, no adverse effects on the fetus or on 


lactation were observed when PRIMAXIN was administered to rats late in gestation. 


Pregnancy —Pregnancy Category C: Teratogenicity studies with cilastatin sodium in 
rabbits and rats at 10 and 33 times the usual human dose, respectively, showed no 
evidence of adverse effect on the fetus. No evidence of teratogenicity or adverse 
effect on postnatal growth or behavior was observed in rats given imipenem at 
dosage levels up to 30 times the usual human dose. Similarly, no evidence of 
adverse effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 


Teratology studies with PRIMAXIN at doses up to 11 times the usual human dose in 
pregnant mice and rats during the period of major organogenesis revealed no 
evidence of teratogenicity. 

Data from preliminary studies suggest an apparent intolerance to PRIMAXIN 
(including emesis, inappetence, body weight loss, diarrhea, and death) at doses 
equivalent to the average human dose in pregnant rabbits and cynomolgus mon- 
keys that is not seen in nonpregnant animals in these or other species. In other 
studies, PRIMAXIN was well tolerated in equivalent or higher doses (up to 11 times 
the average human dose) in pregnant rats and mice. Further studies are under 
way to evaluate these findings. 

There are, however, no adequate and well-controlled studies in pregnant women. 
PRIMAXIN should be used only if the potential benefit justifies the potential risk 
to the fetus. 

Nursing Mothers—It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised when 
PRIMAXIN is administered to a nursing woman. 

Pediatric Use—Satety and effectiveness in infants and children below 12 years of 
age have not yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 
patients treated in clinical trials were severely ill and had multiple background 
diseases and physiological impairments, making it difficult to determine causal 
relationship of adverse experiences to therapy with PRIMAXIN. 

Local Adverse Reactions—Local adverse clinical reactions that were reported as 
possibly, probably, or definitely related to therapy with PRIMAXIN were: phlebitis/ 
thrombophlebitis (31%), pain at the injection site (0.7%), erythema at the injection 
site (0.4%), vein induration (0.2%), infused vein infection (01%). 

Systemic Adverse Reactions—The most frequently reported systemic adverse clini- 
cal reactions that were reported as possibly, probably, or definitely related to 
PRIMAXIN were: nausea (2.0%), diarrhea (1.8%), vomiting (1.5%), rash (0.9%), fever 
(0.5%), hypotension (04%), seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), 
pruritus (0.3%), urticaria (0.2%), somnolence (0.2%). 

Additional adverse systemic clinical reactions reported as possibly, probably, or 
definitely drug related occurring in less than 0.2% of the patients are listed within 
each body system in order of decreasing severity: Gastrointestinal- pseudomem- 
branous colitis (see WARNINGS), hemorrhagic colitis, gastroenteritis, abdominal 
pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, increased 
salivation,; CNS—encephalopathy, confusion, myoclonus, paresthesia, vertigo, head- 
ache; Special Senses—transient hearing loss in patients with impaired hearing, 
tinnitus; Respiratory—chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain; Cardiovascular—palpitations, tachycardia; Rena/—oliguria/anuria, polyuria; 
Skin-erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin 
texture changes, candidiasis, pruritus vulvae; Body as a Whole—polyarthralgia, 
asthenia/weakness. 


Adverse Laboratory Changes: Adverse laboratory changes without regard to 
drug relationship that were reported during clinical trials were: Hepatic- increased 
SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH; Hemic—increased eosino- 
phils, positive Coombs Test, decreased WBC and neutrophils, increased WBC, 
increased platelets, decreased platelets, decreased hemoglobin and hematocrit, 
increased monocytes, abnormal prothrombin time, increased lymphocytes, 
increased basophils. F/ectrolytes—decreased serum sodium, increased potassium, 
increased chloride; Rena/—increased BUN, creatinine; Urinalysis—presence of urine 
protein, urine red blood cells, urine white blood cells, urine casts, urine bilirubin, 
and urine urobilinogen. 

NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that 
ly maximum total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever 
iS lower. 


How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials and 
infusion bottles containing imipenem anhydrous and cilastatin sodium as follows: 
250 mg imipenem equivalent and 250 mg cilastatin equivalent; 500 mg imipenem 
equivalent and 500 mg cilastatin equivalent. 

Caution: The suspension from vials is not for direct infusion. 
For more detailed information, consult your MSD Representative ERCK 
or see Prescribing Information. Merck Sharp & Dohme, Division S 

of Merck & Co., Inc.. West Point, PA 19486 Jepro7 11185 (DC7362400) 
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NOLVADEX does not have the harsh, 
debilitating side effects associated with 
cytotoxic chemotherapy. And, the efficacy of 
NOLVADEX is established: 

It 1s first-line hormonal therapy in metastatic 
breast cancer in postmenopausal women. 
NOLVADEX allows women to carry on with 
. their lives. Very simply, that’s the 
i special quality of NOLVADEX. 
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BRIEF SUMMARY 

NOLVADEX» (tamoxifen citrate) 10 mg tablets 

indications and Usage: NOLVADEX is effective in the treatment of metastatic breast cancer in 
postmenopausal women. Available evidence indicates that patients whose tumors are estro- 
gen receptor positive are more likely to benefit from NOLVADEX therapy. 

NOLVADEX in combination with cytotoxic chemotherapy folowing radical or modified 
radical mastectomy is effective in ery recurrence of Surgically curable breast cancer in 
postmenopausal women or women age 50 or older with positive axillary nodes. in the Hubay 
and NSABP studies most of the benefit to date has been in the subgroup with 4 or more 
positive axillary nodes. The contribution of the cytotoxic chemotherapy is uncertain. The 
estrogen and progesterone receptor values may help to predict whether the adjuvant therapy 
is likely to be beneficial. 

Contraindications: None known 

Warnings: Pregnancy Category D: NOLVADEX may cause fetal harm when administered to a 
pregnant woman. Individuals should not become pregnant while taking NOLVADEX. Effects 
on reproductive functions are expected from the antiestragenic popen ofthe drug in 
reproductive studies in rats at dose levels equal to or below the human dose. nonteratogenic 
developmental skeletal changes were seen and were found to be reversible. in addstion. in 
fertility studies in rats and in teratology studies in rabbits using doses at or below these used 
in humans, a lower incidence of egg implantation and a higher incidence of fetai death or 
retarded in utero growth were observed. with slower learning behavicr in some rat pups. The 
impairment of learning behavior did not achieve statistical significance in one study, and iq 
another study where significance was reported, this was by comparing dosed animals with 
controis of another study. Several pregnant marmosets were dosed during organogenesis or 
in the last halt of pregnancy. No deformations were seen, and although the dose was high 
enough to terminate pregnancy in some animals. those that did maintain pregnancy showed 
no evidence of teratogenic malformations. There are no adequate and well-controlled studies in 
pregnant women. There have been reports of spontaneous abortions, birth defects. fetai deaths, 
and vaginal bleeding. If this drug is used during pregnancy or the patient becomes pregnant 
while taking this drug, the patient should be apprised of the potential hazard to the fetus 

Ocular changes have been reported in a few patients who, as part of a clinical trial. were 
treated for periods greater than one year with NOLVADEX at doses at ieast four times the 
highest recommended daily dose of 40 mg. The ocular changes consist of retinopathy, and in 
some patients. there are also cornea! changes and a decrease in visual acuity 

in addition, a few cases cf ocular changes including visua! disturbance, corneai changes, 
and/or retinopathy have been reported in patients treated with NOLVADEX at recommended 
doses. it is uncertain if these effects are due to NOLVADEX. 

As with other additive hormonal therapy (estrogens and androgens), hypercalcemia has 
been reported in some breast cancer patients with bone metastases within a few weeks of 
starting treatment with NOLVADEX. If hypercalcemia does occur. appropriate measures 
should be taken, and if severe, NOLVADEX should be discontinued. 

Precautions: General: NOLVADEX should be used cautiously in patients with existing leuko- 
ly or thrombocytopenia. Observations of leukopenia and thrombocytopenia occasionally 
ave been made, but it is uncertain if these effects are due tc NOLVADEX therapy Transient 
decreases in platelet counts. usually to $0,000-100.000 mm infrequently lower, have been 
occasionally reported in patients taking NOLVADEX for breast cancer, No hemarrhagic ten- 

dency has been recorded, and the platelet counts returned to normal levels even though 
treatment with NOLVADEX continued. 

Laboratory Tests: Periodic complete blood counts. including platelet counts. may be 
appropriate 

Carcinogenesis’ While no conventional bioassay has been conducted, endocrine changes 
in immature and mature mice were investigated in a 13-month study. Various tumors were 
found in all treated groups. 

Mutagenesis: No genotoxic potential has been found in a battery of in vivo and in vitro 
tests with pro- and eukaryotic test systems with drug metabolizing systems present 

impairment of Fertility: Fertility of male rats was decreased when doses of 0.96 mg/kg or 

reater were administered 11 weeks prior to mating, and fertihty in female rats was decreased 
ollowing administration of 0.04 mg/kg for two weeks prior to mating through day 7 of 
pregnancy. There was a decreased number of implantations, and all fetuses were found dead 

Following administration to rats of 0.16 mg/kg from days 7-17 of pregnancy, there were 
increased numbers of fetal deaths. Administration of 0.125 mg/kg to rabbits during days 
6-18 of pregnancy resulted in abortion or premature delivery. Fetal deaths occured at higher 
doses. There were no teratogenic changes in either rat or rabbit segment il studies Several 
pregnant marmosets were dosed with 10 mg/kg/day either during organogenesis or in the 
last half of pregnancy. No deformations were seen, and although the dose was high enough 
to terminate pregnancy in some animals, those that did maintain pregnancy showed no 
evidence of teratogenic malformations. Rats given 0.16 mg/kg from day 17 of pregnancy to 
1 day before weaning demonstrated increased numbers of dead pups at parturition R was 
reported that some rat pups showed slower learning behavior. but this did not achieve 
statistical significance in one study. and in another study where significance was reported, 
this was by comparing dosed animais with controls of another study. 

The recommended daily human dose of 20-40 mg corresponds to 0.4-0.8 mg/kg far an 
average £0 kg woman. 

Pregnancy Category 0: See WARNINGS 

Nursing Mothers: tt is not known whether this drug is excreted in human mik Because 
many drugs are excreted in human milk and because of the potential for serious adverse 
reactions in nursing infants from NOLVADEX., a decision should be made whether to discon- 
tinue nursing or to discontinue the drug, taking into account the importance af the drug to 
the mother. 

Adverse Reactions: The most frequent adverse reactions to NOLVADEX are hot flashes, 
nausea. and vomiting. These may occur in up to one-fourth of patients. but are rarely severe 
enough to require discontinuation of treatment. 

Less frequently reported adverse reactions are vaginal bleeding, He bib discharge. men- 
struai irregularities, and skin rash. Usuaily these Rave not been of sufficient severity to 
require at reduction or discontinuation of treatment. 

increased bone and tumor pain, and also local disease flare have occurred, which are 
sometimes associated with a good tumor response. Patients with increased bone pain may 
require additional analgesics. Patients with soft tissue disease may have sudden increases 
in the size of preexisting lesions, sometimes associated with marked erythema within and 
surrounding the lesions, and/or the development of new lesions. When they occur, the Done 
pain or disease flare are seen shortly after starting NOLVADEX and generally subside rapidly. 

Other adverse reactions which are seen infrequently are hypercalcemia, peripheral edema, 
distaste for food, pruritus vulvae, depression, dizziness. nght-headedness. and headache. 
There have been infrequent reports of thramboembolic events occurring during NOLVADEX 
therapy. Since for cancer patients in general an increased incidence of thromboembolic 
events is known to occur, a causal relationship to NOLVADEX remains conjectural. An in- 
creased incidence has been reported when cytotoxins are combined with NOLVADEX 

if adverse reactions are severe, itis sometimes possible to control them by a simple 
reduction of dosage without loss of control of the disease. 

Overdosage: Acute overdosage in humans has not been reported. Signs observed at the 
highest doses following studies to determine LDsg in animals were respiratory difficulties and 
convulsions. No specific treatment for overdosage is known: treatment must be 
symptomatic. 

Dosage and Administration: One or two 10 mg tablets twice a day (morning and evening). 
How Supplied: Tablets containing tamoxiten as the citrate in an amount equivalent to 10 mg 
of tamoxifen (round. biconvex. uncoated, white tablet identified with NOLVADEX 600 
debossed on one side and a cameo debossed on the other side) are supplied in bottles of 

60 tablets and 250 tablets. Protect from heat and light. 
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Leading authorities share their expert — 
knowledge to help you manage patients with 
this increasingly common disorder 








COLORECTA]. 


TUMORS 





Edited by Oliver H. Beahrs, M.D,, 
George A. Higgins, M.D, 


and Jacob J. Weinstein, M.D. 
58 Contributors 


An up-to-the-minute overview of colorectal tumors, written by 
authorities whose qualifications are exceptional, packed with in- 
formation on etiology, diagnosis, predisposing conditions, forms 
of surgery and adjuvant therapy, complications of therapy, post- 
Surgical observation, and treatment of recurrence of disease. 


An interdisciplinary team of experts 


... bring together the latest information on epidemiology, surveil- 
lance, pathology, and management of tumors and cancer of the 
colon, rectum, and anus. Emphasis is placed on the importance 
of early diagnosis, planned surveillance, and appropriate therapy. 
Controversies surrounding the management of the various le- 
sions are fully explored. 


New knowledge, new techniques 


... In the use of the flexible fiberoptic sigmoidoscope and colono- 
scope are discussed thoroughly. The relationship of pathologic 
findings to the staging and prognostic features of cancer of the 
colon and rectum is stressed. 


New surgical procedures 


... for the radical removal of lower rectal lesions with preserva- 
tion of the sphincters are presented, along with basic surgical 
techniques that have been standardized for several decades. 
Forms of adjuvant therapy and current methods of follow-up are 
discussed. Management of surgical complications and treatment 
of metastatic lesions are also included. 


352 Pages. 134 Illustrations. 105 Tables. 1986. $59.50. 





Other outstanding books 
of related interest 


COLON AND RECTAL SURGERY 
Marvin L. Corman, M.D. 784 Pages: 818 Illustrations, 16 in Full 
Color. 49 Tables. 1984. $89.00. 


ATLAS OF EXTREMITY SARCOMA 
SURGERY Paul H. Sugarbaker, M.D. 


Illustrated by Trudy H. Nicholson. With 11 Contributors. 262 Pages. 
180 Illustrations. 21 Tables. 1984. $57.50. 


CUTANEOUS MELANOMA: Clinical 


Management and Treatment Results Worldwide 

Editors: Charles M. Balch, M.D., F.A.C.S., and Gerald W. Milton, 
M.D., F.R.C.S. Associate Editors: Helen M. Shaw, Ph.D., and 
Seng-jaw Soong, Ph.D. 81 Contributors. 578 Pages. 255 Illustrations. 
2 Full-Color Plates. 1985. $79.00 


MANAGEMENT OF HEAD AND NECK 


CANCER: A Multidisciplinary Approach 

Edited by Rodney R. Million, M.D., and Nicholas J. Cassisi, M.D. 
20 Contributors. 684 Pages. 941 Illustrations, including 43 in Full 
Color. 232 Tables. 1984. $97.50. 


CANCER: Principles and Practice 


of Oncology, 2nd Edition 

Edited by Vincent T. DeVita, Jr., M.D., Samuel Hellman, M.D., and 
Steven A. Rosenberg, M.D., Ph.D. 136 Contributors. Single Volume 
Edition: 2,416 Pages. Two Volume Set: 2,344 Pages. 770 Black-and- 
White Illustrations. 22 Full-Color Illustrations. 928 Tables. 2nd 
Edition, 1985. Single Volume $125.00. Two Volume Set $157.50. 


Lippincott books are available through your health science bookstore or your Lippincott representative. For mail order service direct, A Yel 
please use the coupon below, or Call Toll Free (USA except AK, HI) 1-800-638-3030. In Maryland Call Collect (301) 824-7300. 
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i J. B. Lippincott Company The Health Professions Publisher of Harper & Row, Inc. 
: P.O. Box 1630, Hagerstown, MD 21741 | 
e Please send me for 30 days’ ON-APPROVAL EXAMINATION Payment enclosed* (save postage & handling) 
i (] _____ copy(ies) of Colorectal Tumors (65-08436) @ $59.50 Bill me (plus postage & handling) 
r | ——— copy(ies) of Colon and Rectal Surgery (65-08113) @ $89.00 | Charge it: {J MasterCard (J VISA 
i? O copy(ies) of Atlas of Extremity Sarcoma Surgery (65-07958) @ $57.50 American Express CHOICE 
9 (| ____ copy(ies) of Cutaneous Melanoma (65-07495) @ $79.00 7 Ceres L CESES 
{n _| ___ copy(ies) of Management of Head and Neck Cancer (65-07842) @ $97.50 l 7 Er 
o copy(ies) of Cancer, 2/e: C 1 Volume (65-07974) @ $125.00; Expiration Date 
| 2 Volumes (65-08915) @ $157.50 *The law requires that we collect state sales taxes 
l where applicable. Please include the prescribed amount 
Name with payment. Prices quoted in U.S. funds and subject 
to change. Orders subject to the approval of Lippincott 
Address 426-85 
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Anew generation 
of remarkable medical 


products. 


The unique physical and chemical structure of GORE-TEX® 
Expanded PTFE works with the body to achieve superior 





performance. 
It is a strong, inert, biocompatible scaffolding - a 
i ; i GORETEX”" Vascular Graft 
that can be configured in many ways, to meet dif- The aunime GORETEX 
ferent performance requirements. For example, tissue Vascular Grafts, proven in nearly 
l "a A Tal i N 
ingrowth can be either encouraged or inhibited. ; soe eel pakas a 
Whatever the configuration, it remains soft Pale“ al vasala sirenas, Aaah 
and supple, and easy to handle and position. only to ui oe ga 
JEN veln as tne graft of choice 
7 Moreover, the results of our first decade of oe ee fe eE 
clinical experience show that GORE-TEX variety of sizes and configurations, 
Expanded PTFE products can resist the spread of and they all share the attributes 
infection and are treatable in its presence— MENAI IEA TA 
p They are easy to handle and use, 
a potential with profound implications for do not require preclotting, are 
medical prostheses. nonthrombogenic, and have 


demonstrated patency rates sec- 
ond only to saphenous vein. 





Bifurcated GORE-TEX" GORE-TEX™ GORE-TEX™ 
Vascular Graft Cardiovascular Patch Surgical Membrane 
This is the only bifurcated graft For reconstructions throughout By varying the product micro- 

that brings the performance of the cardiovascular system, structure, this pericardial substi- 
expanded PTFE, proven in this patch material is designed to tute inhibits the penetration of 

small distal diameters, to abdomi- _ provide the performance of cellular elements. Nine years of 

nal aortic resection. It will not expanded PTFE in a sheet with clinical experience has shown 
hemorrhage interstitially, is balanced, multi-directional this to be effective in limiting the 
hemodynamically correct, and strength. It has high suture reten- formation of adhesions and pro- 

its thinner walls provide easier tion and does not fray at the viding a reliable plane of dissection 
handling without sacrificing suture line. for reoperation. 

performance. 


© 1985 W.L. Gore & Associates, Inc 
GORE-TEX ts a Trademark of W.L. Gore & Associates, Inc 















GORETEX™ Soft Tissue Patch 
These patches are a new alterna- 
tive for use in the repair of hernias 
and other soft tissue deficiencies, 
combining the strengths necessary 
for the most demanding repairs, 
with suppleness and ease of han- 
dling They have demonstrated a 
significant potential for reducing 
the incidence of postopera- 
tive complications. 





so 
X 


The porous microstructure 


of GORE-TEX Expanded 
PTFE (200x): strong, bio- 
compatible scaffolding that 
can be configured to en- 
courage or inhibit tissue 
ingrowth. 


[ Please send me additional inkocmation on GORETEX® Expanded PTFE Medical Products: ANS-! 186 | 





CREATIVE TECHNOLOGIES 
HOSPITAL AFFILIATION WORLDWIDE 


|l Vascular Grafts O Cardiovascular Patches J Soft Tissue Patches | 
| © Bifurcated Vascular Grafts © Surgical Membrane i 
| C Please have your representative call for an appointment. WiL, Gore & Associates Inc. | 
| To order call toll-free: 800-638-4804 Post Office Box 1220 

| Route 213 North | 
| eh) ea OO ees Elkton, Maryland 21921 | 
| ADDRESS | 
E ary STATE ZIP | 
| PHONE SURGICAL SPECIALTY 7 
1 1 


This space contributed as a public service. 
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FOR THE BEST DEFENSE AND HIM ONCE A WEEK. 
AGAINST CANCER, SEE HIM 


ONCE A YEAR. 


He may not look like every- 


body's idea of a cancer specialist. 


But there’s strong evidence 
that your greengrocer has 
access to cancer protection you 
won't find in any doctor's office. 

Like broccoli. Peaches. Cante- 
loupes. Spinach. And other 
sources of Vitamin A related to 
lowering the risk of cancer of the 
l- aai 


aca aa ar ls a an eg ee fee eer een 


mention sweet potatoes, carrots, 
pumpkin, winter squash, toma- 
toes, citrus fruits and brussels 
sprouts. 

Vegetables such as cabbage, 
broccoli, brussels sprouts, kohl- 
rabi and cauliflower may help 
reduce the risk of gastrointest- 
nal and respiratory tract cancer. 

Fruits and vegetables (and 

lA : awantiano 


S mEn nn st t l minh ~ 


oatmeal, bran and wheat) may 
help lower the risk of colorectal 
cancer. 

In short, make sure you do 
what your mother always told 
you to} do. Eat your vegetables. 


AMERICAN 


<? CANCER 
2 SOCIFTY 








RENAL TRANSPLANT SURGEON 
CHARLESTON, WEST VIRGINIA 


398 UR - An exceptional opportunity exists for a board certified 
general surgeon or urologist with documented credentials in 
transplantion surgery to develop an overall statewide renal 


Outstanding new books (and special prices) from 


Grune & Stratton! 


VASCULAR SURGERY 


A Comprehensive Review, Second Edition 


Edited by 

WESLEY S. MOORE, M.D. 

September 1986, 1,264 pp., $125.00 
(Pre-publication price through 12/31/86: $99.50) 
ISBN: 0-8089-1829-X, Order Code: 792979 


transplant surgery program in conjunction with the West Virginia 
University School of Medicine, Morgantown. The 934 bed Charles- 
ton Area Medica! Center is university affiliated, but a private 
community hospital. Therefore, the candidate sought should 
have a firm understanding of the concepts of private practice and 
should possess the ability to develop a “top notch” referral 
service. If an employment relationship is desired, the position 
would be available in a non-tenured track at the Associate 


The medical center has excellent technology and is ready to 
launch the program. There are four well qualified nephrologists 


VASCULAR SURGERY: Issues in 
Current Practice 


Edited by 


who enthusiastically support the offering of transplant care. 
The hospital will complete new surgery suites and a new ICU 
unit in January 1987. 

Charleston is the focal point of the Kanawha Valley and its 
educational, cultural and recreational offerings are abundant. 


ROGER M. GREENHALGH, M.A., M.D., M.CHIR., 


F.R.C.S., CRAWFORD W. JAMIESON, M.S., F.R.C.S., 


and ANDREW N. NICOLAIDES, M.S., F.R.C.S. 


September 1986, 496 pp., $99.50 
ISBN: 0-8089-1839-7, Order Code: 791731 


For more information regarding the above, please direct con- 
fidential inquiry to: 
Aaron Risen, Physician Placement Specialist 
VHA Physician Placement Services 
1600 Embassy Square Bivd., Suite 1605 
Louisville, Kentucky 40299 


VASCULAR SURGICAL 
EMERGENCIES 


Edited by 
JOHN J. BERGAN, M.D., F.A.C.S., HON. F.R.C:S. 


Call Toll Free 1-800-626-1857 
(in Kentucky) 1-800-292-1856 
ry 





(Eng.), and JAMES S. T. YAO, M.D., Ph.D., F.A.C.S. 


October 1986, approx. 576 pp., approx. $94.50 
(Pre-publication price through 12/31/86: $89.50) 
ISBN: 0-8089-1843-5, Order Code: 790565 






Physician Placement Services 
The future of America's Health Care 






Voluntary Hospitals of America, Inc. (VHA) 6277 Sea Harbor Dr., Orlando, Florida 32821-9989 








Deafness is something 
you put beside you 
not in front of you.” 


LINDA BOVE/ACTRESS. 





LINDA BOVE PERFORMED WITH THE 
NATIONAL THEATRE OF THE DEAF FOR 
NINE YEARS. SHE HAS ALSO STARRED 
IN THE TONY AWARD WINNING SHOW, 
CHILDREN OF A LESSER GOD. 


Believe in them. 
Break the barriers. 


PRESIDENT'S COMMITTEE ON EMPLOYMENT OF THE HANDICAPPED, 
WASHINGTON D.C. 20210 


GRUNE & STRATTON, INC. 


Harcourt Brace Jovanovich, Publishers 





CHAIR 
DEPARTMENT OF SURGERY 


The University of Arizona College of 
Medicine is seeking a highly qualified 
academic surgeon to head the Depart- 
ment of Surgery in Tucson, Arizona. 
Nominations or resumes will be ac- 
cepted until January 1, 1987 or until 
the position is filled. Applications and 
nominations should include a curric- 
ulum vitae with complete address and 
telephone number, plus the names of 
at least three references. Address 
correspondence to: 


Marilyn Heins, M.D. 
Vice Dean 
Secretary, Search Committee 
University of Arizona 
College of Medicine 
Tucson, Arizona 85724 
THE UNIVERSITY OF ARIZONA IS AN EQUAL 


EMPLOYMENT OPPORTUNITY/AFFIRMATIVE 
ACTION EMPLOYER 
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CLASSIFIED AD SECTION 


Classified advertising is available in ANNALS OF 
SURGERY for those recruiting personnel or interested in 
obtaining positions. Display space also is available for 
those desiring greater visibility or more space for their 
message. 


Classified ad copy, like other advertising copy, will be 
reviewed for approval prior to publication. 


Classified Rates: $9.00 per line or fraction of line. The 
average line will be 40 characters. 


Box Numbers: Replies may be directed via Box # to 
J.B. Lippincott Company, at an extra charge per insertion 


of $6.50 to cover handling costs in forwarding such 
replies to the advertiser. 


How to Order: Send typewritten text copy for the ad 
with remittance in full to: 


ANNALS OF SURGERY 
c/o J.B. Lippincott Company 
Attn: Kim McLean 
East Washington Square 
Philadelphia, Pa. 19105 
(215) 238-4280 


Deadline: Copy received by the 15th of month will run 
in the second following month's issue, e.g. November 
15th for January issue. Ads received after the 15th will run 
in the next available issue. 





General Surgeon desires relocation - 43 y.o., Board Certified, 
U.S. Graduate, wishes to relocate to Midwest community over 
40,000 pop. Please send inquiries to: Box ANNIJA, J.B. Lippin- 
cott, East Washington Square, Phila., PA 19105. 





Thoracic/ Vascular Surgeon. Excellent opportunity for 
well-trained BC/BE to join busy two man group in desirable 
greater N.Y. metropolitan area. Please forward inquiries and 
C.V. to Box ANNIID, J.B Lippincott Company. East Washing- 
ton Square, Phila., PA 19105. 





BOARD CERTIFIED OR ELIGIBLE GENERAL SUR- 
GEON. The VAMC in Jackson, MS an affiliate of the 
University of Mississippi, is seeking a general surgeon, prefera- 
bly with peripheral vascular capabilities, who has an interest in 
teaching medical students and residents. The successful candi- 
date will be eligible for an academic appointment. Send CV to: 
Dr. T. K. Williams, Acting Chief, Surgical Service (112), 
VAMC, 1500 E. Woodrow Wilson Dr., Jackson, MS 39216. 





Transplantation Fellowship. Expanding MultiOrgan Surgical 
Transplant Fellowship available July, 1987. Complete surgical 
training required. Send curriculum vitae to: M. Wayne Flye, 
M.D., Ph.D., Director, Organ Transplantation and Immunobi- 
ology, 4989 Barnes Hospital Plaza, Suite 5108, Washington 
University School of Medicine, St. Louis, Missouri 63110. 


This Publication 
is available in Microform. 


University Microfilms International 
300 North Zeeb Road. Dept. P.R., Ann Arbor, Mi. 48106 





CHAIRPERSON DEPARTMENT OF SURGERY—Cook 
County Hospital, a 1,200 bed Public Hospital, is currently 
seeking applicants for the position of Chairperson for the 
Department of Surgery. The Department is actively involved in 
clinical services, education, and research. Requirements include 
M.D. Degree with certification by the American Board of Sur- 
geons, excellent clinical and academic skills, proven 
administrative and leadership capabilities, and commitment to 
surgical care in a Public Institution. Please send curriculum 
vitae with the names of three references to John Raba, M.D., 
Chairman Department of Surgery Search Committee, Cook 
County Hospital, Executive Medical Staff Room 2205A, 1835 
West Harrison Street, Chicago, Illinois 60612. Cook County 
Hospital is an equal opportunity/ affirmative action employer. 


UROLOGISTS: GENL & PEDS - CENTRAL PA— Use your 
specialty skills to the fullest with our active tertiary care client, 
providing care to 2.7MM in 27 counties thru 425+MD’s. Urol 
practice: 3MD’s, 5 resids, 9 support staff. Exc equip incl: 
ESWL. 3 CT’s, MRI, lasers. Surg pts of 2600+, OP visits 
15,000+, litho 500+ in Ist 4 mos. High level path. Res/ teach op 
avail. Both pos req BC/ BE urol, sup surg skills. Peds cands need 
fellow/ other peds prep. Exc. comp; exc fringes incl 4 wks vac, 4 
wks CME. Call 215/363-5600 or send CV: Bill Gregory, John 
Downing Assocs, P O Box 452, Lionville, PA 19353. 


TRAUMA SURGEON - Active, Level I trauma center in 
desirable Washington, D.C. suburb seeks full-time director. 
NEUROSURGEON - Excellent practice opportunity and cov- 
erage offered by 450-bed community teaching hospital in 
family-oriented, non-urban western Pennsylvania location. 
GENERAL SURGEON - Board certified surgeon seeks 
partner for established practice outside major metropolitan area 
in North Central Tennessee. 

For additional information regarding these opportunities, call 
Joan P. Liman, M.D. (201) 746-8877 or send CV in confidence: 
Health Search Group, 39 S. Fullerton Avenue, Montclair, New 
Jersey 07042. 





General Surgeon (BC/BE) with added vascular training desira- 
ble, for a busy general, thoracic, vascular, non-cardiac practice; 
to join a 5-man group located in eastern Indiana (population 
50,000). Office is adjacent to a 300-bed referral hospital. Send 
inquiry to Box ANNIIB, C/O J.B. Lippincott Co., East 
Washington Square, Philadelphia, PA 19105. 





COSMETIC SURGERY FELLOWSHIP, DEPARTMENT 
OF COSMETIC SURGERY, GRADUATE HOSPITAL, 
Philadelphia, PA. Available July 1987. Twelve month program. 
Yearly case load over 3,000 facial, dermatologic, and general 
plastic procedures. Candidates must have had an Otolaryngol- 
ogy Head Neck or a General Surgical residency to qualify. 
Surgical staff composed of Facial Cosmetic Surgeon, Plastic 
and Reconstructive Surgeon, and Dermatologic Cosmetic Sur- 
geon. Call or write: Julius Newman, M.D., Chairman, 1455 
City Line Avenue, Philadelphia, Pennsylvania 19151, 215-896- 
6677. 





GENERAL SURGERY — Active private practice for sale in 
the San Fernando Valley, CA Box ANNIIC, J.B. Lippincott 
Co., East Washington Square, Philadelphia, PA 19105. 


In intra-abdominal infections... 


new 


CEFOTAN.. 


Icefotetan disodium | 


The cost-effective 
replacement 
for cefoxitin 


xB STUART Amereasine O TALS 
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-Please see last page 
of this advertisement for brief summary 
of prescribing information. 











CEFOTAN® (cefotetan disodium) is an ideal agent 

in the treatment of intra-abdominal infections. 

As active as cefoxitin against Bacteroides fragilis— 
the most common anaerobe in intra-abdominal 
sepsis'—CEFOTAN provides superior gram-negative 
coverage and Is particularly active against 
Escherichia coli and other common gram-negative 
pathogens. 





CEFOTAN is equal 
to cefoxitin in activity 
against B fragilis 


In vitro activity* against B fragilis 
MIC,, MIC (ug/ml) 
Investigator No. of Strains CEFOTAN Cefoxitin 


*In vitro activity does not necessarily correlate with in vivo effectiveness. 
tFor cefoxitin, 388 strains were studied. 


CEFOTAN has 

superior activity against 
the common l 
gram-negative organisms 


Comparison of in vitro activity against common gram-negative bacteria 
MIC (ug/ml) (g/mL) 
Organism No. of Strains CEFOTAN Cefoxitin 


Investigators: Ayers LW, Jones RN, Barry AL, et al 





CEFOTAN has a half-life of 3 to 4.6 hours— 
more than 3 times that of cefoxitin.’ And 
CEFOTAN sustains effective plasma concentra- 
tions for 12 hours.’ This outstanding pharmaco- 
kinetic profile permits twice-daily dosing in 
treatment and single-dose prophylaxis. 


CEFOTAN—effective 
twice-daily treatment 
and single-dose 
prophylaxis 








DO In US clinical studies of intra-abdominal infections, 
CEFOTAN demonstrated a clinical cure rate of 96%° 


Clinical success* in abdominal surgical prophylaxis? 









Biliary tract 


Colorectal’ 





*Clinical success is defined as no signs or symptoms of intra-abdominal Investigators: Fabian T, Zellner S, Jagelman D, et al? 


Or postoperative wound infection during the hospital stay and tColorectal procedures were performed without 
follow-up period of seven to ten days postdischarge benefit of preoperative oral bowel prep. 


O In prophylaxis, CEFOTAN provides single-dose 
protection—even in delayed or prolonged procedures 


Switch to 


CEFOTAN... 


(cefotetan disodium) 


for brief summary of prescribing information. The cost-effective replacement for cefoxitin 





CEFOTAN provides cost-effective therapy. 
For treatment, the usual adult dosage 

of CEFOTAN is 1 to 2 g every 12 hours” 

In prophylaxis, CEFOTAN is administered 
as a single 1- or 2-g dose.' 


Twice-daily CEFOTAN 
can save 45% in 
total treatment costs 


Overall cost of treatment with CEFOTAN and cefoxitin 








CEFOTAN Cefoxitin 
Regimen _ 2g b.i.d. 29 Gia. 
Drug cost/dose $15.60 $13.60' 
Delivery cost/dose‘"° + 5.00 + 5.00 
Total cost/dose $20.60 $18.60 
Number of doses/day x2 x4 
Total cost/day $41.20 $74.40 
Cost savings/day $33.20 


Savings with CEFOTAN 45 % 


* Maximum daily dose should not exceed 6 g. In patients with renal impairment, dosage adjustmert is necessary. (Consult brief summary.) 

‘In prophylaxis, CEFOTAN is administered 30 to 60 minutes prior to surgery or, in patients undergoing cesarean section, as soon as the umbilical 
cord is clamped 

‘Direct price from Drug Topics Red Book, ed 89. Oradell, NJ, Medical Economics Co, p 362 

‘Minimum overall costs of supplies and labor for antibiotic preparation and administration 





4 Single-dose prophylaxis can save 63% when 
compared with cefoxitin 


o CEFOTAN has a proven record of safety® 
Adverse events are generally few and similar to those seen with 
first-generation cephalosporins. 


€ Includes acquisition and delivery’? costs for comparable 
regimens—CEFOTAN, 2 g x 1; cefoxitin, 2 g x 3. 


Switch to 


CEFOTAN... | 


a cefotetan disodium) 


summary of prescribing information, The cost-effective replacement for cefoxitin 
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CEFOTAN.. 


cefotetan disodium 


For intravenous or intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE l 
TREATMENT: CEFOTAN™ (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 


Urinary tract infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now ca‘led Proteus vulgaris, Providencia 
rettger!, and Morganella morgani). 


Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains). Haemophilus 
influenzae (including ampicillin-resistant strains}, Klebsiella species (including K pneumoniae). 
and £ coli. 


Skin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains}, Staphylococcus epidermidis,” Streptoceccus pyogenes and Streptococcus 
species (excluding enterococci}, and E cofi. 


Gynecologic infections caused by Staphylococcus aureus‘ {including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus species (excluding entero- 
cocci). E coli, Proteus mirabilis. Neisseria gonorrhoeae. Bacteroides species (excluding B distasonis. 
8 ovatus, B thetaiotaomicron), Fusobacterium species,’ and gram-positive anaerobic cocci {including 
Peptococcus and Peplostreptococcus species’) 


intra-abdominal infections caused by E col, Klebsiella species (including K pneumomniae'}. Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus. 
8 thetaigtaemicran). 


Bone and joint infections caused by Staphylococcus aureus t 
“NOTE: Some strains of Staphylococcus epidermidis are resistant te cefotetan. 
‘Efficacy for this organism in this organ system was studied in fewer than ten infections 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg. cesarean section, abcominal or vagina! hysterectomy. 
transurethral surgery. biliary tract surgery, and gastrointestinal surgery) 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbiical cord 

if there are signs and symptoms of infection. specimens for culture should be obtained tor 
identification of the causative organism so that appropriate therapeutic measures may be initiated 


CONTRAINDICATIONS 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics 


WARNINGS 

Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. ff an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require epinephrine and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
Spectrum antibiotics): therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with TE antibiotics may alter normal fiora cf the colon and may permit 
overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difticile is one primary 
cause of antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind 
the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases shouid 
be managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not 
relieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for 
anlaheeerocatee pseudomembranous colitis produced by C difficve. Other causes should also be 
considered. 


PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at nisk inctude patients with renal or hepatic impairment. or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN shouid be used with caution in individuais with a history cf gastrointestinal disease, 
particularly colitis. 


INFORMATION FOR PATIENTS: As with some other cephalosporins. a disulfiram-like reaction 
characterized by Yon sweating, headache, and tachycardia may occur when alcoho! (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages folowing the administration of CEFOTAN. 


DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renat tunction 
should be carefully monitored, especially if higher dosages of the aminoglycoside are to be adminis- 
tered or if therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglyca- 
side antibiotics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 
itis possibie that nephrotoxicity may be potentiated if CEFOTAN is usec concomitantly with an 
aminoglycoside. 


DRUG/LABORATORY TEST INTERACTIONS: A taise positive reaction for glucose in urine may occur 
with Benedict's or Fehting’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce faise increases in the levels of 
creatinine reported. 


CARCINOGENESIS. MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential. no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration af 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
Gevelapmentally analogous to jate childhood and prameny in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogo- 
nia and spermatocytes: Sertoli and Leydig celis were unaffected. Incidence and severity of lesions 
were dose-dependent, at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 
treated animals was affected, and the degree of degeneration was mild. Similar lesions have been 
observed in experiments of comparable design with other methyithiotetrazote-containing antibiotics 
and impaired fertility has been reported. particularly at high dose levels. No testicular effects were 
observed in 7-week-old rats treated with up to 1000 mg/kg/day SC tor 5 weeks, or in infant dogs 
(3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to 
humans is unknown. 


USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
Studies in pregnant women. Because animal reproductive studies are nat always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 


CEFOTAN® (cefotetan disodium) 


USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
in clinical studies the following adverse effects were considered related to CEFOTAN therapy. 


Gastrointestinal symptoms occurred in 1.5 percent of patients: the most frequent were diarrhea (1 in 
80) and nausea {Tin 700}. 


Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 
{1 in 200}, positive direct Coombs’ test (1 in 250), and thrombocytosis (1 in 300). 


Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150). 
SGOT (1 in 300), alkaline phosphatase (1 in 700}, and LDH (1 in 700). 


Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (Tin 150) and 
itching (1 in 700). 


Local effects were reported in fess than one percent of patients and included phlebitis at the site of 
injection {tin 300), and discomfort {tin 500) 


DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 
determined by the condition of the patient. severity of the infection, and susceptibility of the causative 
organism 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 





Type of infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours iV or iM 
tor2 g every 24 hours iV or IM 
t or 2g every 12 hours IV oriM 
Other Sites 2-4 grams 1 of 2g every 12 hours IV oriM 
Severe 4 grams 2g every 12 hours IV 
Life-Threatening 6° grams 3g every 12 hours IV 


"Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once. intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be 
administered as soon as the umbilical cord is clamped. 


IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage quidelines may be used. 





DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 





Creatinine Clearance 
mi/min Dose Frequency 
230 Usual Recommended Dose’ Every 12 hours 
10-36 Usual Recommended Dose’ Every 24 hours 
10 Usual Recommended Dose’ Every 48 hours 


"Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefotetan is dialyzable and it is recommended that tor patients undergoing intermittent hemodialy- 
SiS, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 


HOW SUPPLIED 

CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium 
equivalent to 1g and 2 g cefotetan activity for intravenous and intramuscular administration. The tg 
dose is available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mi and 100 mL vials. 
The vials should not be stored at temperatures above 22°C and shouid be protected from fight. 

4 gin 10 mt wal (NDC 0038-0376-10) 

2 g in 20 mi vial (NDC 0038-0377-20) 

1 gin 100 mL vial (NDC 0038-0376-1 1) 

2g in 100 mL vial (NDC 0038-0377-21) 
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Brief Summary of Prescribing Information 

The following is a brief summary only. Before prescribing, see 
complete prescribing information in TYLOX product labeling 
CONTRAINDICATIONS: TYLOX capsules should not de 
administered to patients who have previously exhibited hypersen- 
Sitivity to any Component 

WARNINGS: Drug dependence: Oxycodone can produce drug 
dependence of the morphine type and, therefore, has the 
potential for being abused. Psychic dependence, physical 
dependence, and tolerance may develop upon repeated 
administration of TYLOX capsules, and they should be prescribed 
and administered with the same degree of caution appropriate to 
the use of other oral narcotic-containing medications. Like other 
narcotic-containing medications, TYLOX capsules are subject to 
the Federal Controlled Substances Act (Schedule ll) 

Special Risk Patients: TYLOX capsules contain sodium 
metabisulfite, a sulfite that may cause allergic-type reactions (e.g 
hives, itching, wheezing, anaphylaxis) in certain susceptible 
persons. Although the overall prevalence of sulfite sensitivity Ir 
the general population is probably low, it is seen more frequenily 
n asthmatics or in atopic nonasthmatic persons 
PRECAUTIONS: General: Head Injury and Increased Intracranial 
Pressure’ The respiratory depressant effects of narcotics and 
their capacity to elevate cerebrospinal fluid pressure may be 
markedly exaggerated in the presence of head injury, other 
intracranial lesions, or a pre-existing increase In intracranial pres- 
sure, Furthermore, narcotics produce adverse reactions which 
may obscure the clinical course of patients with head injuries 
Acute Abdominal Conditions: The administration of TYLOX 
capsules or other narcotics may obscure the diagnosis or Clinical 


PRAcNEW ARINC 1086 


course in patients with acute abdominal conditions 

Special Risk Patients: TYLOX capsules should be given with 
Caution to certain patients such as the elderly or debilitated, and 
those with severe impairment of hepatic or renal function 
hypothyroidism, Addison's disease, and prostatic hypertrophy or 
urethral stricture 

Information for Patients: Oxycodone may impair the mental 
and/or physical abilities required for the performance of potentially 
hazardous tasks such as driving a Car or operating machinery 
The patient using TYLOX capsules should be cautioned 
accordingly 

Drug Interactions: Patients receiving other narcotic analgesics 
antipsychotics, anti-anxiety agents, or other CNS depressants 
including alcohol, concomitantly with TYLOX capsules, may 
exhibit additive CNS depression due to the oxycodone compo- 
nent. When such combined therapy is contemplated, the dose of 
one or both agents should be reduced. The use of MAO inhiditors 
or tricyclic antidepressants with oxycodone preparations may 
increase the effect of either the antidepressant or oxycodone The 
concurrent use of anticholinergics with oxycodone may procuce 
paralytic ileus 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Nc 


long-term studies in animals have been performed with oxycodone 


to determine carcinogenic and mutagenic potential, or effects on 
fertility Acetaminophen has been found to have no mutagenic 
potential using the Ames Salmonella-Microsomal Activation test 
the Basc test on Drosophila: germ cells, and the Micronucieus test 
on mouse bone marrow In animals, acetaminophen has not been 
evaluated for carcinogenic potential or for effects on fertility 
Pregnancy Category C. Animal reproductive studies have not 





been conducted with TYLOX. It is also not known whether TYLOX 
can cause fetal harm when administered to a pregnant woman or 
can affect reproductive capacity. TYLOX should be given to a 
pregnant woman only if clearly needed 

Nursing Mothers: |t is not known whether the components of 
this drug are excreted in human milk Because many Orugs are 
excreted in human milk, caution should be exercised when 
TYLOX is administered to a nursing woman 

Pediatric Use: TYLOX capsules should not be administered to 
children 
ADVERSE REACTIONS: The most frequently observed adverse 
reactions include lightheadedness, dizziness, sedation, nausea 
and vomiting. These effects seem to be more prominent in 
ambulatory patients than in nonambulatory patients, and some of 
these adverse reactions may be alleviated if the patient lies down 
Other adverse reactions include allergic reactions, euphona, 
dysphoria, constipation, skin rash, and pruritus. At higher doses 
oxycodone has most of the disadvantages of morphine including 
respiratory depression 

Full directions for use should be read before administering or” 
prescribing 

For information on symptoms and treatment of overdosage. see 
full prescribing information 1/16/86 
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CEFOTAN.. 


cefotetan disodium 


The cost-effective replacement 


for cefoxitin 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 


Urinary tract infections caused by E coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 


Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus 
influenzae (including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), 
and E coli. 


Skin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis ,* Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 


Gynecologic infections caused by Staphylococcus aureus’ (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis ,* Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron) , Fusobacterium species ,' and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species') 


Intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae"), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 


Bone and joint infections caused by Staphylococcus aureus.' 
* NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 
‘Efficacy for this organism in this organ system was studied in fewer than ten infections 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 


CONTRAINDICATIONS 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 

Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous y hpna reactions to cefotetan disodium, sr eet 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any toon who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require ye tl and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit 
overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary 
cause of antibiotic-associated colitis. Cholestyramine and colestipo! resins have been shown to bind 
the toxin in vitro 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should 
be managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not 
relieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for 
sbi ac abate pseudomembranous colitis produced by C difficile. Other causes should also be 
considered. 


PRECAUTIONS 

GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis 


INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages following the administration of CEFOTAN. 


DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function 
should be carefully monitored, especially if higher Gosapes of the aminoglycoside are to be adminis- 
tered or if therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglyco- 
side antibiotics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 
it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside 


DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 


CEFOTAN™ (cefotetan disodium) 


developmentally analogous to late childhood gd e pa in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogo- 
nia and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions 
were dose-dependent; at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 
treated animals was affected, and the degree of degeneration was mild. Similar lesions have been 
observed in experiments of comparable design with other an AL ee ae antibiotics 
and impaired fertility has been reported, particularly at high dose levels. No testicular effects were 
observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs 

(3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to 
humans is unknown. 


USAGE IN PREGNANCY: dg rene Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 


USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman 


PEDIATRIC USE: Safety and effectiveness in children have not been established 


ADVERSE REACTIONS 
In clinical studies the following adverse effects were considered related to CEFOTAN therapy 


Gastrointestinal symptoms occurred in 1:5 percent of patients; the most frequent were diarrhea (1 in 
80) and nausea (11n 700) 


Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 
(1in 200), positive direct Coombs’ test (1 in 250), and thrombocytosis (1 in 300) 


Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700) 


Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 1n 150) and 
itching (1 in 700). 


Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 


DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 
determined by the condition of the patient, severity of the infection, and susceptibility of the causative 
organism 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be 
administered as soon as the umbilical cord is clamped 


IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 





mL/min Dose Frequency 
-30 Usual Recommended Dose” Every 12 hours 
10-30 Usual Recommended Dose” Every 24 hours 
<10 Usual Recommended Dose” Every 48 hours 


*Dose determined by the type and severity of infection, and susceptibility of the causative organism 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis 


HOW SUPPLIED 

CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium 
equivalent to 1g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1g 
dose is available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials 
The vials should not be stored at temperatures above 22°C and should be protected from light 

1g in 10 mL vial (NDC 0038-0376-10) 

2 g in 20 mL vial (NDC 0038-0377-20) 

1 gin 100 mL vial (NDC 0038-0376-11) 

2 g in 100 mL vial (NDC 0038-0377-21) 
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Angelchik® 


nti-Reflux 


Prosthesis 


An Established Alternative 
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The patient with acquired immune deficiency syndrome (AIDS) 
and abdominal pain presents the surgeon with a difficult chal- 
lenge. The pain may be due to an opportunistic infection, ileus, 
organomegaly, or a true surgical emergency. The hospital records 
of 235 patients with AIDS were reviewed. Of the 29 patients 
with abdominal pain, 12 had infectious diarrhea, eight were di- 
agnosed as having ileus or organomegaly, and nine had miscel- 
laneous causes for their pain. Only five patients underwent lap- 
arotomy. Two patients were operated on for pain associated with 
bleeding (Meckel’s diverticulum and intestinal Kaposi's sar- 
coma); one had a perforated duodenal ulcer and one had severe 
ileitis. One patient was electively operated on for Burkitt’s lym- 
phoma. Laparotomy for abdominal pain is not usually necessary 
in patients with AIDS. Specific recommendations for evaluation 
and management of these patients are offered. 


R THOUSANDS OF YEARS, physicians have been 
called upon to evaluate patients with abdominal 
pain. Guidelines for diagnosis of most types of 
abdominal pain are generally well established. However, 
a new disease complex, acquired immune deficiency syn- 
drome (AIDS), has recently appeared, making previously 
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From the Department of Surgery, St. Vincent's Hospital and 
Medical Center of New York, New York, New York 


unusual illnesses, such as Kaposi’s sarcoma (KS) and 
Pneumocystis carinii pneumonia (PCP), commonplace. 
More than 15,000 cases of AIDS have been reported.’ 
More frequently, surgeons are being asked to assess ab- 
dominal pain in patients with AIDS. The experience of 
one institution regarding the presentation, diagnosis, and 
management of abdominal pain in a large series of patients 
with AIDS has not been described before. 


Patient Data Base 


The medical records of 235 patients with AIDS who 
were admitted to St. Vincent’s Hospital and Medical 
Center of New York from May 1, 1982, through October 
15, 1985, were screened. The diagnosis of AIDS was con- 
firmed by standard criteria, including presence of proven 
KS, PCP, or multiple other opportunistic infections.” The 
charts of the patients who had abdominal pain docu- 
mented in the physician’s progress notes for 2 or more 
consecutive days were reviewed for this report. 


Results 


There were 29 patients (12.3% of the total population 
reviewed) who had abdominal pain. Twenty-eight patients 
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TABLE |. Causes of Abdominal Pain 


No. of 
Patients 
Gastrointestinal infection 
Cryptosporidium g* 
Campylobacter jejuni 2 
Giardia lamblia Í 
Heus and/or hepatosplenomegaly 8 
Miscellaneous 
Intestinal Kaposi’s sarcoma aus 
Pentamidine pancreatitis 2 


Meckel’s diverticulum 
Perforated duodenal ulcer 
Burkitt’s lymphoma 
Duodenitis 


* Includes 2 patients with multiple opportunistic enteric pathogens. 
** One patient also had cryptospondia in stool. 


were male homosexuals. The other patient was a female 
intravenous drug user. Their average age was 36 years, 
with a range of 22-51 years. The diagnosis of AIDS was 
established in the following manner: 16 patients had bi- 
opsy-proven PCP; four had biopsy-proven KS; three had 
both PCP and KS; five had multiple opportunistic infec- 
tions other than PCP; and one had Burkitt’s lymphoma. 

The cause of abdominal pain in the 29 patients could 
be divided into three major categories: gastrointestinal 
infection, ileus and/or hepatosplenomegaly, and miscel- 
laneous (Table 1). To date 23 (79.3%) of the 29 patients 
in this series have died. The three groups of patients will 
be discussed separately. 


Gastrointestinal Infection 


The 12 patients with gastrointestinal infection had dif- 
fuse abdominal pain accompanied by profuse, watery 


TABLE 2. Factors Related to Abdominal Pain 


lieus or 


Infection Organomegaly Miscellaneous 





Diarrhea 11 3 
Diffuse tenderness 10 2 
Local tenderness 2 i 
Rebound tenderness i 3 
Diminished bowel 
sounds 
Nausea/vomiting 
Fever 
Elevated WBC 
Decreased WBC 
Hyperamylasemia 
Hypoalbuminemia 
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Fic. 1. Possible inflammation or spasm of small intestine (arrow). 


diarrhea. Localized and rebound tenderness were uncom- 
mon. Other symptoms, signs, and laboratory results were 
nonspecific (Table 2). Only one patient in this group un- 
derwent laparotomy. This patient had diarrhea, exquisite 
generalized abdominal pain with fever, and rebound ten- 
derness, which became more pronounced with repeated 
examinations. Abdominal x-ray results were suggestive of 
spasm or inflammation of the small intestine (Fig. 1). Be- 
cause of progression of symptoms, laparotomy was per- 
formed. At surgery, severe inflammation of the terminal 
ileum was found. No resection was performed. Stool cul- 
tures obtained before operation eventually grew Cam- 
pylobacter jejuni, which responded to erythromycin. This 
patient recovered and left the hospital after a 10-day course 
of the antibiotic. Eight of the nine patients with cryptos- 
poridiosis died without responding to any antibiotics or 
supportive measures such as total parenteral nutrition. 
One patient with cryptosporidiosis and disseminated can- 
didiasis was noted to have a perforation of the colon at 
postmortem examination. He died of multiple system 
failure, malnutrition, and disseminated intravascular 
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FIG. 2. Note “string sign” in nonspecific ileitis (arrows). 


coagulopathy. The colonic perforation appeared to have 
been a premorbid event. 


Ileus and/or Hepatosplenomegaly 


Categorization of the eight patients with ileus and/or 
hepatosplenomegaly was by exclusion as well as physical 
findings. These patients were all treated conservatively 
with complete resolution of their abdominal symptoms. 
Three of these seven patients eventually died of AIDS- 
related illnesses during the same hospitalization. 


Miscellaneous 


The nine patients in the miscellaneous group were both 
the easiest and most difficult to diagnose. The patient with 
duodenal ulcer perforation was believed to have perfo- 
ration of previously diagnosed tleitis, presumably second- 
ary to an AIDS-related infectious disease (Fig. 2). The 
patient had a rigid abdomen and free intra-abdominal air 
on x-ray 6 months after the original presentation of non- 


» specific ileitis. He recovered from the ulcer plication sur- 
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Fig. 3. Arteriogram showing site of bleeding (arrow) in patient with 
Meckel’s diverticulum. 


gery and died 6 months later of PCP. The patient with a 
bleeding Meckel’s diverticulum had cramps and a massive 
lower gastrointestinal bleeding episode requiring 16 units 
of packed red cells. Diagnosis was made by arteriography 
(Fig. 3) and the diverticulum was resected. The pathologic 
report confirmed the presence of an inflamed diverticulum 
with evidence of recent bleeding. Bleeding recurred 6 
weeks later requiring 2 units of packed red cells. Extensive 
diagnostic studies did not establish a definite bleeding site, 
although nonspecific enterocolitis was seen on barium 
enema. The patient died several months later of inanition. 
The patient with duodenitis was diagnosed by upper gas- 
trointestinal endoscopy and successfully treated conser- 
vatively. Two of the three patients with intestinal KS had 
severe malnutrition. Figure 4 depicts a duodenal KS lesion 
seen on upper gastrointestinal series. Massive lower gas- 





Fic. 4. KS of duodenum (arrow). 
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TABLE 3. Intra-abdominal Infections Seen in Patients with AIDS 


Parasitic 


Oe 


Bacterial 


Mycobacterium tuberculosis 
Mycobacterium avium-intracellulare 
Campylobacter jejuni 

Listeria monocyiagenes 

Saimonella sp. 


Cryptosporidium 
Isospora belli 
Giardia lamblia 


trointestinal bleeding was a terminal event in both pa- 
tients. The third patient had a successful resection of a 
bleeding small intestinal KS lesion. Pancreatitis secondary 
to the administration of pentamidine for PCP was noted 
in two patients. Resolution of the abdominal pain and 
gradual return to normal of the serum amylase value fol- 
lowed discontinuation of the drug. The patient with 
Burkitt’s lymphoma of the stomach underwent attempted 
elective resection but the lesion was too extensive to re- 
move safely. 

Only five (17%) of 29 patients with abdominal pain 
and AIDS underwent laparotomy. Of the four emergency 
procedures, two were for massive hemorrhage, one was 
for progressive severe ileitis due to an infectious agent, 
and one was for a perforated duodenal ulcer. 


Discussion 


Patients with abdominal pain and AIDS are susceptible 
to multiple types of infection (Table 3). Cryptosporidia 
were present in nine of 12 patients with infection. It was 
the most common pathogenic organism in our series. 
Severe diarrhea was almost always present. When cryp- 
tosporidiosis is suspected, fresh, undiluted stool must be 
examined. Special stains, such as the three-step stool ex- 
amination (iodine wet mount, modified Kinyoun acid- 
fast, and Sheather’s sugar cover-slip flotation), should be 
used.’ Mucosal biopsy may be necessary if stool exami- 
nation 1s inconclusive. 

Only one of the nine patients with cryptosporidiosis 
has survived to date. This patient recovered without treat- 
ment. One patient had a transient response to intravenous 
trimethoprim-sulfamethoxazole. Although not effective in 
this series, spiramycin may be of benefit in treating cryp- 
tosporidiosis.* 

Infection with C. jejuni may produce panenteritis and 
colitis associated with fever, cramps, and diarrhea that ts 
usually bloody. Stool culture is the method of diagnosis. 
The illness responds to erythromycin in almost all cases.° 
The severe campylobacter ileitis seen in the patient un- 
dergoing laparotomy was accompanied by multiple large 
mesenteric nodes. Node biopsy and culture were per- 
formed to rule out other possible causes of infection such 
as Mycobacterium avium-intracellulare. 


Entamoeba histolytica 


Fungal Viral 


Candida sp. 
Cryptococcus neoformans 


Cytomegalovirus 


Patients with ileus or pain from hepatic or splenic en- 
largement did not have any characteristic findings to dis- 
tinguish them from the infection or miscellaneous groups. 
One patient had sepsis secondary to Listeria monocyto- 
genes, causing hepatosplenomegaly. This patient died long 
after the resolution of listeriosis. Since diarrhea was com- 
mon in patients with ileus it may be that infection was 
present in the stool but simply not detected in spite of 
numerous specimens examined. 

Patients in the miscellaneous group varied from the 
most obvious of presentations (intra-abdominal free air) 
to the most unusual (bleeding Meckel’s diverticulum and 
intestinal KS). 

A series of case reports of five AIDS patients by Potter 
et al. described a patient with abdominal pain due to 
hepatomegaly confirmed by laparotomy and another with 
mesenteric nodal enlargement secondary to M. avium- 
intracellulare infection. Also mentioned was a case of 
perforated ileal lymphoma. Intra-abdominal, extranodal 
non-Hodgkin’s lymphoma has been noted in such sites 
as bowel, liver, and gallbladder.’ Colonic perforation due 
to cytomegalovirus has been the subject of two case re- 
ports.” 

Pancreatitis associated with pentamidine has been pre- 
viously reported.” Symptoms resolve when the drug is dis- 
continued, and no apparent long-term sequelae have been 
noted. 

In summary, laparotomy in the AIDS patient appears 
to be necessary infrequently. However, the surgeon should 
be familiar with the diverse manifestations of AIDS. The 
problem of the patient with AIDS and abdominal pain 
should be approached in the following manner: 


(1) Obtain a thorough history and perform a complete 
physical examination. 

(2) If diarrhea is present, diligently search for an in- 
fectious cause and observe the abdomen closely. Lapa- 
rotomy should not be necessary in these patients, unless 
symptoms progress with an uncertain diagnosis. 

(3) Consider organomegaly or ileus as a possible cause 
of abdominal pain in patients whose physical findings are 
nonspecific. 

(4) Remember that AIDS patients may require lapa- 


rotomy for conditions not related to AIDS or when a 4 
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serious complication, such as perforation of a viscus due 
to an AIDS-related disease, cannot be ruled out. 
(5) If laparotomy reveals only enteritis, mesenteric 
node excision for biopsy and culture should be done. 
(6) Isolation protocols for patients and specimens 
should be established according to the Centers for Disease 
Control guidelines, which continue to be updated. 
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Sexual Function in Women After Proctocolectomy 





AMANDA M. METCALF, M.D. ROGER R. DOZOIS, M.D. 


One hundred women who had undergone proctocolectomy with 
a continence-preserving procedure (50 Kock pouches, 50 ileoanal 
anastomoses) for ulcerative colitis or polyposis coli were inter- 
viewed regarding their preoperative and postoperative sexual 
function. Frequency of intercourse increased and the incidence 
of dyspareunia decreased after operation in both groups. Patients 
who had a Kock pouch had a greater incidence of persistent 
postoperative dyspareunia than patients who underwent an il- 
eoanal procedure (38% rs. 18%, p < 0.02). Only one patient in 
each group reported a postoperative disturbance in ability to 
achieve orgasm. Most women reported no change in their men- 
strual cycle, but patients with a Kock pouch had more episodic 
vaginal discharge than patients with an ileoanal anastomosis 
(18% vs. 0%, p < 0.001). Postoperative fertility was minimally 
impaired. Overall, the majority.of women in this study who un- 
derwent proctocolectomy for benign diseases experienced en- 
hanced sexual function after operation, which they attributed 
mainly to improved health. 


HE PHYSICAL AND PHYSIOLOGIC CHANGES that 
occur during the human sexual response cycle 
are remarkably analogous in men and women. ! 

This similarity suggests that the neuroanatomic basis of 
the sexual response in men and women may be identical. 
Certainly, there is no convincing evidence to the contrary.” 
Injury to the parasympathetic or sympathetic plexus sup- 
plying the pelvic organs is a well-recognized complication 
of proctectomy, and the resultant sexual dysfunction in 
men is well documented.** Sexual dysfunction in women 
after proctectomy is less well described,’~’ in part because 
of reluctance by both physicians and patients to discuss 
such matters. Theoretically, sexual dysfunction in women 
after proctectomy could result from injury to the auto- 
nomic pelvic plexuses or from mechanical problems sec- 
ondary to distortion of the pelvic anatomy produced by 
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removal of the rectum and anus and disruption and clo- 
sure of the pelvic floor. 

This survey attempted to determine the incidence of 
sexual dysfunction in women who underwent proctocol- 
ectomy for benign disease and to determine whether any 
differences could be detected between those who under- 
went proctocolectomy with construction of a Kock pouch 
(complete removal of the rectum and partial disruption 
of the pelvic floor) and those who underwent proctocolec- 
tomy with ileoanal anastomosis (retention of outer layers 
of distal rectum and intact pelvic floor). 


Materials and Methods 


Fifty women who had undergone proctocolectomy with 
ileoanal anastomosis between January 1981 and May 
1983 were chosen at random and contacted for telephone 
interviews. This group was matched as closely as possible, 
by age at operation, with a similar number of women who 
had undergone proctocolectomy with construction of a 
Kock pouch between November 1975 and November 
1982. 

All women who had a Kock pouch were within 2 years 
of the age of their ileoanal anastomosis counterparts at 
the time of operation. The mean age at operation was 
similar in both groups (Kock pouch, 32 years; ileoanal 
anastomosis, 33 years). As anticipated, changes in surgical 
practice during the last 5 years resulted in a greater mean 
current age (39 years vs. 35 years, respectively) and mean 
interval (73 months vs. 28 months, respectively) since op- 
eration in the patients who had a Kock pouch compared 
with the patients who had an ileoanal anastomosis. 

The diagnosis that led to the proctocolectomy was ul- _ 
cerative colitis in most of the patients (92%). A few patients 
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TABLE 1. Marita! Status 





No. of Patients 





Tleoanal Kock 
Anastomosis Pouch 
Marital status before operation 
Married 36 36 
Single 10 12 
Divorced 4 2 
Change in status after operation 
Married 2 9 
Divorced 0 11 
Remarried 0 8 
Widowed 0 4 





in each group (Kock pouch, 5; ileoanal anastomosis, 2) 
had polyposis coli. Fewer patients with an ileoanal anas- 
tomosis (4%) had had a previous colectomy compared 
with those who had a Kock pouch, of whom 30% had 
had a previous colectomy and conventional Brooke ile- 
ostomy. 

All interviews were conducted by a female physician. 
(A.M.M.). Patient confidentiality was assured, and the 
reason for the survey explained. All patients contacted 
agreed to the interview and answered all questions. Spe- 
cific questions concerned menstrual history, frequency of 
intercourse, dyspareunia, ability to achieve orgasm, and 
pregnancy both before and after operation. Patients were 
also queried about changes in marital status after the op- 
eration, and any impact of the operation on dating and 
self-image. Statistical analysis was performed with the chi- 
square test, with the Yates correction factor, and the Fisher 
exact probability test. 


Results 
Marital Status 


Preoperative marital status was similar in both groups, 
but more patients with a Kock pouch had changed marital 
status during the postoperative interval (Table 1). Of those 
who had dated after the operation, most patients (ileoanal 
anastomosis, 9 of 12; Kock pouch, 12 of 17) reported that 
the procedure had enhanced their ability to date. All such 
patients had experience with a conventional ileostomy, 
and the enhancement was usually ascribed to not having 
to use an external appliance. The remaining eight patients 
reported that dating ability was unchanged. 


Menstrual Cycle 


Although more women in the ileoanal anastomosis 
group described changes in the menstrual cycle after op- 
eration compared with women with a Kock pouch, the 
_, majority of women in both groups noted no change. In 
~ general, such changes noted were toward a more regular 
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TABLE 2. Postoperative Changes in Menstruation* 
lleoanal Kock 
Anastomosis Pouch 
(N = 46) (N = 44) 
No. of No. of 
Patients % Patients % 

No change 29 63 36 82 
Regularity 

Increased 12 26 5 ll 

Decreased 5 Ji 3 
Cycle length 

Increased 3 7 0 0 

Decreased 6 13 3 7 
Amount of flow 

Increased 7 15 7 

Decreased 3 7 2 
Increased 

dysmenorrhea 7 15 3 7 

Menopause 4 9 6 14 





* Includes only women menstruating before operation. 


cycle (Table 2). Nine of 50 (18%) patients with a Kock 
pouch complained of intermittent profuse vaginal dis- 
charge after operation, whereas none of the patients who 
had an ileoanal anastomosis had such complaints (p 
< 0.001). This discharge occurred with changes in body 
position (e.g., when bending over), and several women 
had documented vaginal stenosis. One woman with a 
Kock pouch had toxic shock syndrome after operation. 


Intercourse 


The majority of patients in both groups reported that 
their disease had resulted in a decreased frequency of in- 
tercourse before operation, and they noted an increased 
frequency of intercourse after operation (Table 3). Poor 
health was the most common reason given for decreased 
frequency of intercourse before operation, and improved 
health was the most common reason given for an in- 
creased frequency of intercourse after operation (Table 4). 


TABLE 3. Frequency of Intercourse* 


Heoanal Kock 
Anastomosis Pouch 
No. of No. of 
Patients % Patients % 
Before operation 
Increased 0 0 
Decreased 37 86 40 93 
Unchanged 6 14 3 7 
After operation 
Increased 35 787 40 80t 
Decreased 2 4 l 2 
Unchanged 8 18 9 18 





* Includes only those sexually active prior to the onset of disease. 
tp < 0.02. 
tp < 0.001. 
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TABLE 4. Factors Affecting Frequency of Intercourse* 


Patients (%) 
Deoanal Kock 
Anastomosis Pouch 
Preoperative decrease 
Health 84 88 
Dyspareunia 14 3 
Stool frequency 14 10 
Postoperative increase 
Health 84 90 
Self-image 8 5 
Postoperative decrease l 
Dyspareunia gt 5 
Incontinence 3 0 


* Of those who were sexually active who had noted a change in sexual 
activity. Some patients gave more than one response. 

t Decreased dyspareunia in one patient and increased or unchanged 
dyspareunia in three. 


Oyspareunia 


The majority of women had dyspareunia before op- 
eration, although this was seldom the reason given for a 
decreased frequency of sexual intercourse. The incidence 
of dyspareunia decreased after operation in both groups, 
although the patients with a Kock pouch had significantly 
more persistent dyspareunia after operation than the pa- 
tients who had an ileoanal anastomosis. In only a minority 
of patients was the problem severe enough to interfere 
with the frequency of sexual intercourse (Table 5). 


Orgasm 


Most sexually active women were able to achieve or- 
gasm both before and after operation (78% and 89%, re- 
spectively). Of women who were orgasmic before opera- 
tion, one woman in each group noted a change after op- 
eration: one patient with an ileoanal anastomosis was 
unable to achieve climax, and one patient with a Kock 
pouch reported that her climax was less intense. Neither 
had postoperative dyspareunia. 


TABLE 5. Dyspareunia 


Patients (%) 
Tleoanal Kock 
Anastomosis Pouch 
Before operation 46 62 
After operation 
Transient 20 10 
Persistent 13 32" 
Severet 5 6 





* Between-group comparison, p < 0.02. 
t Resulted in decreased sexual activity. 
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TABLE 6. Pregnancy 


No. of Patients 
Ileoanal Kock 
Anastomosis Potich 
Before operation 32 32 
After operation 
Attempted 8 12 
Successful 6 10* 
Delivery 
Vaginal 4 T 
Cesarean 2 3 
Procedure-related complications lt Tt 


* Two women had therapeutic abortions; 1 had 2 spontaneous mis- 


carriages, 4 have had 2 pregnancies after operation. 

+ Transient minor incontinence. 

t Torsion of pouch (2), difficult intubation (2), valve incontinence (2), 
and external prolapse alone (1). 


Pregnancy 


Only a small percentage of women in either group at- 
tempted to conceive after operation (Table 6). Most who 
tried were successful. Two women in the Kock pouch 
group were unable to conceive ‘and had tubal occlusion. 
Neither had a history of pelvic infection. Neither of the 
two patients who had an ileoanal anastomosis and have 
thus far been unable to conceive have undergone studies. 
Patients who had a Kock pouch tended to have more 
difficulty with procedure-related complications during 
pregnancy than did patients with an ileoanal anastomosis. 
Women in both groups delivered vaginally without com- 
plications. 

Most women in both groups reported that their self- 
image had improved after operation (ileoanal anasto- 
mosis, 33; Kock pouch, 37). A minority of patients in the 
Kock pouch group (3 patients; 6%) noted a transitory 
worsening of self-image after operation. None of these 
patients had had a conventional ileostomy. The reasons 
most frequently given for a postoperative improvement 
in self-image were improved health and preference of the 
continence-preserving procedure to a conventional ile- 
ostomy (Table 7). 


Discussion 


Most patients who develop ulcerative colitis or poly- 
posis coli do so during the reproductive years!’ and, 
therefore, the impact of proctocolectomy on all aspects 
of sexual function in men and women is an important 
consideration. 

Our patients considered either continence-preserving 
procedure to be an improvement in the dating situation 
compared with a conventional ileostomy. This is similar 
to results reported by others.!! | 

More women in the Kock pouch group had married 
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or remarried after their procedure compared with women 
in the ileoanal anastomosis group. This may, be related, 
at least in part, to the longer follow-up interval in the 
Kock pouch group. No patient reported that the procedure 
had contributed to a breakdown in marital relations. 

More patients in the ileoanal anastomosis group re- 
ported changes in their menstrual cycle after operation, 
which may, in part, be related to the longer follow-up 
interval in women who had a Kock pouch. In general, 
however, such changes were usually toward a more regular 
cycle. 

Sexual activity increased dramatically after operation 
compared with preoperative levels; in almost all cases the 
increase was attributed primarily to improvement in gen- 
eral health. | 

Preoperative dyspareunia was common in both groups. 
Similar findings have been reported in women who have 


” undergone ileorectostomy for ulcerative colitis, and they 


have been ascribed to inflammation in the rectal segment.® 
Dyspareunia was less frequent in both groups after op- 
eration. However, persistent postoperative dyspareunia 
was more frequent in the Kock pouch group than the 
ileoanal anastomosis group, although it rarely resulted in 
decreased sexual activity. This increased incidence of dys- 
pareunia in the Kock pouch group may be related to an- 
gulation or stenosis of the vaginal vault or retroversion 
of the uterus, or both, after complete proctectomy and 
closure of the pelvic floor. These factors may also be re- 
sponsible for the complaints in the Kock pouch group of 
excessive positional vaginal discharge, which presumably 
reflects poor vaginal drainage. These problems might be 
minimized by ensuring that closure of the’ pelvic floor 
after proctectomy has not produced a stenosis of the vag- 
„inal vault or ą “ridge” in thẹ posterior vaginal wall. The 
incidence of postoperative dyspareunia i in patients who 


A underwent an ileoanal procedure in this series is higher 


than previously reported.'? This undoubtedly reflects the 
difference in response tò a general question concerning 
changes i in’ sexual function compared with specific ques- 
tions. The incidence of dyspareunia in the previous series 
was similar to the incidence of dyspareunia severe enough 
to interfere with the frequency of intercourse in the current 
-SeTies. 

Disturbance of the ability to achieve orgasm was rare 
in our series, as it was for male patients who underwent 
proctectomy for benign disease.** Its occurrence, however; 
suggests that the autonomic pelvic plexuses are important 
in female sexual function. The plexuses should be pre- 
served if possible. 

Pregnancy and childbearing are possible after either 
procedure, and although our series was small, it suggests 
that fertility i is only minimally decreased. Complications 


a Telated to the gastrointestinal tract during pregnancy 


tended to be more frequent in the Kock pouch group. 
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TABLE 7. Factors TONE Self-i -image After Operation" 
Patients (%) 

Tieoanal Kock 

Anastomosis Pouch 
Improved health | 52 43 
Absence of Brooke stoma 42 48 
Control of bowel function - 9 5 
proved sexual ee 3 0 


i Some patients gave more than one response. 


Vaginal delivery is feasible after either procedure; there- 
fore, the choice of the route of delivery should probably 
be based primarily on obstetric considerations. 

In summary, sexual function was investigated in 
women who had proctocolectomy for ulcerative colitis or 
polyposis coli. Dyspareunia was greater in those who un- 
derwent procedures i in which the rectum was excised and 
the pelvic floor closed (Kock pouch) than in those who 
had distal rectal and pelvic preservation (ileoanal anas- 
tomosis). Postoperative dyspareunia was seldom severe 
enough to interfere with sexual function i in either group. 
Most women in both groups expérienced improved sexual 
function after operation, and such improvement was usu- 
ally attributed to better health. 


References 


1. Masters WH, Johnson VE. Human sexual response. Boston: Little ` 
Brown & Company, 1966; 1-366. 

2 Weinstein M, Roberts M. Sexual potency following surgery for rectal 
carcinoma; Ann Surg 1977; 185:295-300. — 

3. Donovan MJ, O'Hara ET. Sexual dysfunction following surgery for 
ulcerative colitis. N Engl J Med 1960; 262:719-720. 

4. Davis LP, Jelenko C. Sexual function after abdominoperineal re- 
section. South Med J 1975; 68:422-426. 

5. Yeager ES, van Heerden JA. Sexual dysfunction following procto- 
colectomy and abdominoperineal resection. Ann Surg 1980; 191: 
169-170. ` 

6. Bauer JL, Gelernt IM, Salky B, Kreel I. Sexual dysfunction following 

y for benign disease of the colon and rectum. Ann 
Surg 1983; 197:363~367. 

7. Brouillette JN, Pryor E, Fox TA Jr. Evaluation of sexual dysfunction 
in the female following rectal resection and intestinal stoma, Dis 
Colon Rectum 1981; 24:96-102. 

8. Grüner OPN, Naas R, Fretheim B, Gjone E. Marital status and 
sexual adjustment after colectomy: results in 178 patients operated 
on for ulcerative colitis. Scand J Gastroenterol 1977; 12:193- 
197. 

9. Burnham WR, Lennard-Jones JE, Brooke BN. Sexual problems 
among married ileostomists: survey conducted by The Ileostomy 
Association of Great Britain and Ireland. Gut 1977; 18: 673-677. 

10. Rogers BHG, Clark LM, Kirsner JB.. The epidemiologic and de- 
mographic characteristics of inflammatory bowel disease: an 
analysis of a computerized file of 1400 patients. J Chronic Dis 
1971; 24:743~773. 

11. Nilsson LO, Kock NG, Kylberg F, Myrvold HE, Palselius I. Sexual 
adjustment in ileostomy patients before and after conversion to 
continent ileostomy. Dis Colon Rectum 1981; 24:287-290, 

12. Metcalf AM, Dozois RR, Kelly KA, Beart RW Jr, Wolff BG. Ileal 
“J pouch~anal anastomosis: clinical outcome. Ann Surg 1985; 
202:735-739. 





Thermic Effect and Substrate Oxidation ın Response 
to Intravenous Nutrition in Cancer Patients 


who Lose Weight 
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This study examined oxidative metabolism and thermogenesis 
in the acute response to controlled intravenous nutrition in seven 
cancer patients who lost weight. Six weight-losing and mal- 
nourished patients without cancer served as controls. Indirect 
calorimetry was used and measurements of arterial concentra- 
tions of various substrates, metabolic end products, and insulin 
were performed. Resting energy expenditure (REE) was mea- 
sured after an overnight fast. The resting energy need was cal- 
culated for each patient according to REE. The nutrition program 
consisted of glucose and lipids (Intralipid® KabiVitrum AB, 
Stockholm, Sweden) each as 50% of nonprotein calories and 
amino acids (6.9 mg N/kcal). These substrates were infused si- 
multaneously at rates equivalent to one, two, and three times 
REE, over periods of 6.5 hours on 3 consecutive days after a 12- 
hour fast. Arterial substrate levels and energy expenditure were 
measured between 6 and 6.5 hours after the start of the infusion. 
The cancer patients had well-recognized metabolic changes in 
the fasted state, such as elevated plasma levels of glycerol, tri- 
glycerides, free fatty acids, and lactate, and higher energy ex- 
penditure than predicted. The cancer patients responded to 
strictly defined substrate challenge in a similar way as the mal- 
nourished patients without cancer. Whole body oxidative capacity 
and the proportion of infused glucose and lipids that were oxidized 
at different levels of infusion rates were not decreased in cancer 
patients compared with control patients. Similar arterial sub- 
strate concentrations among the groups during infusions argues 
for a maintained plasma clearance of the substrate in the cancer 
patients. This study supports the suggestion that cachectic cancer 
patients can generate and conserve energy normally in response 
to intravenous nutrition. This refers to cancer patients with a 
history of weight loss up to 15% of their normal body weight. 
Therefore, weight loss due to altered tumor-host metabolism in 
cancer patients is of quantitative importance in the fasted state 
rather than in the fed state. 
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TIS WELL RECOGNIZED that many cancer patients who 
lose weight have an increased metabolic rate in the 
resting state,!~> but this also occurs in the nonresting 

state.! Such metabolic changes contribute to weight loss. 
Metabolic evaluations of cancer patients have generally 
been made in the fasted state. An additional important 
question to address is how weight-losing cancer patients 
respond to feeding; that is, whether dietary-induced ther- 
mogenesis may be altered. An increased thermic response 
to feeding may indicate an elevated energy cost for met- 
abolic processing of substrates, and a decreased dietary- 
induced thermogenesis may indicate an insufficient ability 
to use and synthesize energy in response to feeding.® Both 
these aspects of metabolism are important in our under- 
standing of the mechanisms behind cancer cachexia and 
the possibilities for nutritional rehabilitation of cancer 
patients who lose weight. 

This study evaluated whether cachectic cancer patients 
have an impaired ability to produce and conserve energy 
in response to controlled feeding compared with matched 
patients without cancer. | 


Materials and Methods 
Patients 


Two groups of patients were examined. To be included 
in the study, patients had to be in need of nutritional 
support as judged from nutritional status, history of weight 
loss, and disease. The clinical details and the nutritional 
status of the patients in the two groups appear in Table 


1. The patients were selected on clinical grounds by one ^ 
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of the authors (K.L.). They had no signs of other metabolic 
disease such as diabetes. All patients were hospitalized for 
at least | week before our measurements and had eaten 
the same well-balanced hospital diet of their own choosing 
before and during the measurements. The diet consisted 
of 48% carbohydrate, 34% fat, and 18% protein calories. 
All patients had normal serum creatinine levels. This study 
was approved by the Ethical Committee of the University 
of Gothenburg and informed consent was obtained from 
each patient. 

Cancer patients. Seven patients with cancer were ex- 
amined: three had gastric carcinoma, one had retroperi- 
toneal embryonal carcinoma, two had pancreatic carci- 
noma, and one had carcinoid malignant tumor of the 
liver. All diagnoses had been confirmed by angiography, 
computerized tomography, and histologic evaluation of 
tumor biopsy specimens. They had lost 14 + 2% (mean 
+ SEM) of their normal body weight within the last 8 
months before measurements. All patients had generalized 
disease, but none was completely bedridden. Five of the 
patients were examined before any tumor treatment was 
given. 

One patient who had a gastric carcinoma was examined 
in a severely malnourished condition several months after 
a total gastrectomy due to perforated tumor. This patient 
had periglandular node involvement at the time of op- 
eration and, since no evidence of tumor-recidivation could 
be documented with scintigrams or computerized to- 
mography, was considered to have only micrometastases 
at the time of our metabolic studies. One patient had been 
treated 5 years before with an arterial ligation due to he- 
patic metastases of a carcinoid tumor. Her condition had 
been stable for several years, but she had noticed insidious 
onset of the tumor disease and continuous weight loss 3 
months before our investigation. 

Malnourished patients without cancer. The six mal- 
nourished patients without cancer will be referred to as 
malnourished controls. They had lost 12 + 2% (mean 
+ SEM) of their normal body weight. All were manifestly 
malnourished. The time course of weight loss differed 
among the patients, but all had noticed continuous weight 
loss in the weeks before the me: surements. Chronic mal- 
nutrition was caused by anorexia due to depression or 
unknown origin (2 patients), vascular disease and joint 
stiffness (1 patient), inflammatory bowel disease (2 pa- 
tients), and a gastrocolic fistula after a benign gastric ulcer 
(1 patient). 


Investigative Protocol 


All patients who entered the study were studied as fol- 
lows: Before the infusion period, we collected urine spec- 


« imens for 3 days for measurements of nitrogen excretion. 
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All patients were then allowed ad libitum oral intake. Total 
body potassium was measured in a whole body counter 
the day before respiratory exchanges were measured. En- 
ergy expenditure was measured at approximately 8:00 
A.M. after an overnight fast (12-14 hours) in the ward 
with the patient at rest. All patients had rested for at least 
1 hour before initial measurements were taken. Heart rate 
and respiratory frequency were measured over several 
minutes in the middle of the period when energy expen- 
diture was measured. After resting energy expenditure 
(REE) was measured, arterial blood was drawn for mea- 
surements of substrate levels. Lipids, glucose, and amino 
acids were subsequently infused as multiples (one, two, 
and three times) of REE. The patients, therefore, received 
approximately one fourth of the daily basal energy need 
during a 6.5-hour period. The calculation of the energy 
need was based on lipids giving 9.3 kcal/g and glucose 3.8 
kcal/g at complete oxidation. Nonprotein calories were 
supplied as glucose and lipids (50%/50%) to cover the 
entire resting expenditure and 6.9 mg N/kcal nonprotein 
calories were given as crystalline amino acids (Vamin- 
N®, KabiVitrum AB, Stockholm, Sweden). Vitamins, 
ions, and trace elements were added in sufficient amounts. 
Glucose, Intralipid,* and amino acids were simulta- 
neously infused at the defined and constant rates by means 
of IVAC pumps (IVAC Scandinavia AB, Täby, Sweden) 
in a central vein over 6.5 hours. The infusion was started 
as a monoexponential primed infusion in order to obtain 
a rapid steady-state level. This procedure results in con- 
stant arterial concentrations of glucose, amino acids, and 
triglycerides within 2 hours as evaluated in our laboratory 
in other experiments.’* Between 6 and 6.5 hours after 
the start of infusion, measurements of energy expenditure 
were repeated. Infusions were continued until measure- 
ments of energy expenditure were finished and blood 
samples were secured. Voided volumes of urine were col- 
lected over the period of infusions and analyzed for con- 
tents of total nitrogen, adrenaline, noradrenaline, creati- 
nine, and vanillylmandelic acid (VMA). None of the pa- 
tients showed any spillover of glucose into urine as 
checked on all samples. Having finished all measurements 
(day 1), the patients were allowed to move freely in the 
ward and to eat standard meals from the regular hospital 
diet until 8:00 P.M. This design was used to minimize 
adaptive changes secondary to our infusions. After that 
time they fasted overnight until the next day (day 2). On 
the morning of day 2 (8:00 A.M.), the same infusions 
were started as during day 1, but at a rate of two times 
the REE. Six hours later, all measurements were repeated 


* Composition of 20% Intralipid: soybean oil 200 g, egg yolk phos- 
pholipids 12 g, glycerin 22.5 g, water 1000 ml. 
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according to day 1. Patients were then free to eat until 
8:00 P.M. and fasted until 8:00 A.M. (day 3). The infusion 
started again at 8:00 A.M. on day 3, at infusion rates 
corresponding to three times their REE. Study and control 
patients had the same diet during the experimental period, 
but the amount of food was according to their own choice 
as before the study. This was done because the aim was 
to examine the patients in habitual conditions and to 
minimize possible adaptive changes. 


Measurements of Energy Expenditure 


The gas exchanges were measured by means of the re- 
spiratory hood technique as described elsewhere. >”? Dry 
gases were measured and the results converted to standard 
temperature and pressure, dry (STPD). Oxygen was mea- 
sured in an oxygen analyzer OM-11 (Beckman, Stock- 
holm, Sweden) and CO, in a medical gas analyzer, LB-2 
(Beckman, Stockholm, Sweden). The flow was measured 
with a gasflow meter (Siregnost FD 10S, Siemens-Elema, 
Stockholm, Sweden). The flow through the respiratory 
hood was adjusted according to the size of the patient 
(16-18 I/minute) to optimize the recordings. Oxygen up- 
take and carbon dioxide production were measured as the 
difference (vol%) in oxygen and carbon dioxide concen- 
tration in the expired air compared with ambient air. The 
oxygen and the carbon dioxide analyzers were calibrated 
with commercially available precision gases (AGA Spe- 
clalgas, Lidingö, and ALFAX, Helsingborg, Sweden). The 
precision of respiratory quotient (RQ) measurements has 
been checked by means of burning methanol with a theo- 
retical RQ of 0.667 during complete combustion. Four- 
teen consecutive measurements gave a mean RQ of 0.68 
+ 0.01 (mean + SEM) with a range of 0.66-0.71. In two 
of the authors, measurements of whole body REE after 
an overnight fast over 5 subsequent days showed a stan- 
dard deviation of +4%. Oxygen uptake and carbon dioxide 
production were calculated and integrated with the aid of 
a desk computer (Compucorp 329, ScandiaMetric, Goth- 
enburg, Sweden) with the patient on line. REE was cal- 
culated from measurements of oxygen uptake and RQ 
values fromthe 30-minute rest period, according to de 
Weir’s formula!®: 


REE (kcal/kg/24 h) 
= 0.5373 X O2 (3.78 + 1.16 X R) — 43.2; 


where O, = oxygen uptake (mmol/h) and R = respiratory 
quotient = CO, (umol CO, X min™'/wmol O, X min`’). 
Predicted REE was calculated with the Harris-Benedict 
equations.'' Oxidation rates of carbohydrates and fats 
were calculated according to Lusk.'? Such calculations 
depend on measurements of nitrogen catabolism (nitrogen 
excretion). Nitrogen was measured as both total urinary 
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nitrogen and urea nitrogen. Total nitrogen excretion dur- 
ing infusions was used in calculations of substrate oxi- 
dation. The increase in blood urea during subsequent in- 
fusion was added to urinary nitrogen. Unfortunately, it 
was not possible to obtain complete 3-day urine specimens 
for measurements of nitrogen excretion in each individual 
because of various time schedules of medical investiga- 
tions for each patient with regard to the disease. 


Nutritional Status 


Nutritional assessment included weight, height, body 
potassium, plasma albumin, plasma prealbumin, triceps 
skinfold measurement, and midarm circumference. Body 
potassium was measured in a whole body counter. Body 
weight index and whole body potassium index (actual to 
ideal) was calculated from standard tables for ideal weight 
and ideal whole body potassium of people living in the 
area of Sweden from which the patients were selected.'? 


Biochemical Analyses and Other Clinical Tests 


Glucose, lactate, and glycerol were measured with kits 
from Boehringer-Mannheim, the Federal Republic of 
Germany. Triglycerides and free fatty acids were measured 
as described elsewhere.'*:!> Plasma insulin was measured 
with the Phadebas kit (Pharmacia, Uppsala, Sweden). Al- 
bumun, prealbumin, and hemoglobin concentrations, liver 
function tests (bilirubin concentration, alkaline phospha- 
tases, aspartate and alanine amino transferase), and 
erythrocyte sedimentation rate were measured according 
to standard procedures. Albumin was measured colori- 
metrically.'° Prealbumin was measured by immunoelec- 
trophoresis.'’ Alpha-amino nitrogen was measured as de- 
scribed by Cocking and Yemm.'® Body temperature was 
measured orally by a digital probe. Urine nitrogen,’ cre- 
atinine, adrenaline,” noradrenaline,” and VMA7?! were 
measured in the Department of Clinical Chemistry at our 
hospital. 


Statistics 


Measurements before and during intravenous (IV) in- 
fusions were tested statistically by mean of Wilcoxon’s 
test for paired observations.” The nonparametric Mann- 
Whitney U-test was used for comparison among the pa- 
tient groups.” Levels of p < 0.05 were considered statis- 
tically significant. Levels of borderline significance (p 
< 0.10) are sometimes indicated in Tables 1-4, but are 
not considered significant. Variations are given aS mean 
+ SEM. : 
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Results 


The nutritional and clinical states of the patients are 
summarized in Table 1. Group comparison between mal- 
nourished cancer patients and malnourished controls 
showed that they were comparable for age, body com- 
position, and nutritional state. The erythrocyte sedimen- 
tation rate was higher, although not statistically, in the 
cancer group. This was due to the malignant disease com- 
pared with simple malnutrition in the control group. 

Table 2 summarizes arterial concentrations of glucose, 
glycerol, lactate, triglycerides, free fatty acids, urea, alpha- 
amino nitrogen, and insulin after an overnight fast and 
after 6.5 hours of defined IV nutrition on days 1, 2, and 
3, respectively. Cancer patients had significantly increased 
fasting levels of glycerol, lactate, triglycerides, and. free 
fatty acids. Only a few statistically significant differences 
occurred between malnourished cancer patients and con- 
trols during feeding at increased rates. 

Table 3 summarizes measurements of PE EPET gas 
exchange, energy expenditure, body temperatures, and 
heart rate after an overnight fast in response to IV infu- 
sions at multiple rates of energy expenditure in cancer 
and control patients. REE and oxygen uptake showed a 
higher trend (p < 0.10) in malnourished cancer patients 
compared with malnourished controls after an overnight 
fast. However, REE in cancer patients was significantly 
higher (p < 0.05) than predicted from the Harris-Benedict 
equation (1272 + 71 vs. 1171 + 18 kcal/d), whereas in 
control patients, energy expenditure was significantly less 
(1074 + 52 vs. 1159 + 66 kcal/d, p < 0.05). Oxygen uptake 
and carbon dioxide production increased similarly in the 
two groups in response to IV nutrition (Figs. 1 and 2). 
Body temperature, heart rate, and respiratory frequency 
did not differ among the groups in the fasted and fed 
State. 

Table 4 summarizes the infusion rates of glucose, lipids, 
and amino acids in relationship to carbohydrate and fat 
oxidation in the fasted and fed states. No statistical dif- 
ferences occurred when cancer patient were compared 
with control patients in the fasted and fed state. Carbo- 
hydrate oxidation increased in both groups to a maximum 
level when substrates were infused at rates corresponding 
to two times the REE. Fat oxidation was significantly de- 
pressed at the second and third level of infusion in cancer 
patients compared with the fasted state, whereas fat oxi- 
dation was similar in the fasted versus fed state in the 
controls. 

Preinfusion values of nitrogen excretion in cancer pa- 
tients were 185 + 20 mg/kg/day and 189 + 18 mg/kg/d 
in the controls. The urinary nitrogen excretion was 3.59 
+ 0.94 g/6 h, 2.53 + 0.66, 2.54 + 0.30 in cancer patients 


« during increasing infusions and 2.75 + 0.94, 2.66 + 0.83, 
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TABLE 1. Nutritional State and Physiologic Tests in Study 


and Control Patients* 
Malnourished 

Cancer Mainourished 

Patients Controls 

(N = 7) (N = 6) 
Age (years) 6647 60+8 
Length (cm) 17043 169 + 3 
Weight (kg) 51.343.2 47.5 42.6 
Weight index (actual/ideal) 0.70 + 0.03 0.67 + 0.01 
Weight loss (kg) 14+2 12+2 
Total body potassium (TBK) 

(mmol) 2490 + 429 2198 + 674 
TBK index (actual/ideal 0.75 + 0.04 0.79 + 0.04 
Triceps skin fold (mm) 7440.9 8.4+2.1 
Mi circumference (cm) 21.7+ 1.6 22.5 +0.9 
Plasma albumin (g/L) 3142 3242 
Prealbumin (g/L) 0.15 + 0.03 0.16 + 0.03” 
Erythrocyte sedimentation 

rate (mm/h) 46+ 10 174 
Hemoglobin concentration 

(g/L) 122 +7 124+7 
Abnormal liver function tests 1/77 1/6 


* No statistical difference occurred between the groups. 


and 2.48 + 0.44 in the controls. The mean urea excretion 
in cancer patients (N = 6) was: 114 + 37 mmol/6 h, 125 
+ 34, 86 + 12 during increasing infusion rates; in mal- 
nourished controls (N = 6): 101 + 29, 94 + 33, 87 + 13, 
respectively. Excretion of adrenaline, noradrenaline, and 
VMA were measured in only four cancer patients and 
three control patients. Pooled observations from these 
seven patients in response to increasing levels of infusion 
showed that adrenaline excretion increased from 4.5 
+ 0.3, to 7.6 + 1.4, and 7.1 + 0.8 wmol/mmol creatinine 
(p < 0.05); noradrenaline 25 + 5 to 31 + 8 and 34 +7 
pmol/mmol creatinine; VMA 2.8 + 0.3 to 3.5 + 0.7 and 
2.9 + 0.4 mmol/mol creatinine. 

No correlation was found between tumor volume, tu- 
mor type, and the increase in lactate concentrations, CO, 
production, and O, uptake with regard to increasing in- 
fusion rates of nutrition. 


Discussion 


This study quantified early respiratory gas exchanges 
in relation to arterial concentrations of substrates during 
strictly defined infusions of a parenteral nutrition program 
to patients with and without cancer who are malnourished 
to the same extent. The results demonstrate that mal- 
nourished cancer patients do not have an increased sub- 
strate-induced thermogenesis. On the contrary, our cancer 
patients showed a tendency to respond with a lower di- 
etary-induced thermogenesis, which may be interpreted 
as a trend to an inefficient synthesis and use of energy. 
However, a normal simultaneous CO, production argues 
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TABLE 2. Arterial Concentrations in Study and Control Patients (mean + SEM) after an Overnight Fast (O) and during the Infusion of Parenteral 
Nutrition at Constant Rates in Multiples of the REE (1, 2, 3 Times REE with Regard to kcal/kg hour) 


Malnourished Malnourished 
Infusion Rate Cancer Patients Controls 
(XREE) At (N = 7) Bt (N = 6) At 
Glucose O 5.10.3 4.8+0.2 
(mmol/L) l +4 6.4 +40.3 6.0 + 0.3 * 
2 * 7.9+0.6 7.2+0.6 + 
3 * 9.0+0.5 {p < 0.10) 8.0+0.9 * 
Glycerol O 0.203 + 0.037 * 0.102 + 0.016 
(mmol/L) l 0.215 40.025 0.169 + 0.013 * 
2 0.256 + 0.026 (p < 0.10) 0.180 + 0.023 * 
3 0.249 + 0.021 0.217 +0.025 * 
Lactate O 0.99 +0.12 * 0.67 +0.07 
(mmol/L) i 0.84 +0.10 0.69 + 0.06 
2 1.05 +£0.12 0.86 +0.09 
3 1.30 £0.18 * 0.84 + 0.13 
Triglyceride O 1.33 +0.07 * 1.10 +0.19 
{mmol/L} I * 1.62 + 0.08 1.49+0.23 * 
2 * 1.96 +0.13 1.57 +0.23 * 
3 * 2.65 + 0.48 2.07 + 0.57 * 
FFA O 0.86 +0.06 * 0.63 + 0.05 
(mmol/L) 1 * 0.52 + 0.08 0.54 + 0.07 
2 * 0.27 + 0.03 0.29 + 0.04 
3 * 0.30 + 0.04 0.25 +0.03 
Urea O 5.63 +0.99 3.95 +0.75 
(mmol/L) | 5.54 +0.95 3.51 +0.64 
2 6.18 +0.73 + 3.72 £0.77 
3 6.89 + 0.76 3.99 + 0.85 
a-amino nitrogen O 2.46 +0.19 2.59 0.31 
(mmol/L) 1 2.94 +0.10 3.05 + 0.34 * 
2 * 3.74 +0.22 3.62 £0.41 * 
3 * 4.19+0.15 4.12+0.38 * 
Insulin O 5+2? 4+] 
(mU/L) l * 12 +3 6żŁ2 
2 * 35+8 22+7 * 
3 * 91+ 26 (p < 0.10) 35+ 14 * 
* p < 0.05. t B Companson between the groups. 


+ A Fasted state vs. fed state. 


against an impaired oxidative metabolism. Therefore, net 
energy cost in cancer patients for use of substrates during 
feeding is not increased and obviously does not contribute 
to weight loss in the cachectic state. 

The oxidative capacity and the proportion of oxidation 
of carbohydrates and fats were not different in patients 
with and without cancer. The increase in CO, was similar 
in patients with and without cancer, and the RQ ap- 
proached the RQ for the nutritional solutions (RQ = 0.84) 
in the fed state. This implies that both groups of patients 
oxidized the balanced diet in proportion to their rate of 
infusion (Fig. 2). Despite the fact that these patients re- 
ceived the equivalent of 70 kcal/d (3 xX REE) their RQ 
was still only 0.86. With an RQ less than 1, this indicates 
a substantial glycogen and lipid deposition of infused glu- 
cose and fat. This striking finding was comparable in can- 
cer and control patients during parenteral nutrition. 
However, the change from fasted to fed state was asso- 


ciated with a more pronounced inhibition of endogenous 
fat oxidation in cancer patients (Table 4), which implies 
a different intermediary metabolism in the fasted state 
between the groups. This may be due to less hepatic gly- 
cogen in the cancer patients as reported by others.” Taken 
together, our results regarding similar arterial concentra- 
tion, and comparable disappearance of plasma substrates, 
similar energy expenditure and thermic response to feed- 
ing, and unchanged oxidation of substrates support the 
conclusion that the capacity and cellular response for 
substrate processing and energy generation is not com- 
promised in cancer patients even with rather severe mal- 
nutrition. 

With respect to the tumor disease and degree of mal- 
nutrition, the cancer patients in this study are comparable 
to patients in our previous studies. "57+ Earlier findings 
have indicated that many weight-losing cancer patients 


have elevated energy expenditure of 150-300 kcal/d, S 
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TABLE 3. Energy Metabolism in Study and Control Patients (mean + SEM) after an Overnight Fast (O) and in Response to Parenteral Nutrition 
Infused at Constant Rates in Multiples of the REE (1, 2, 3 Times REE) 
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Malnourished Malnourished 
Infusion Rate Cancer Patients Controls 
(XREE) At (N = 7) Bł (N = 6) 
Oxygen uptake O 169 +9 (p < 0.10) 154+8 
(umol O;/min/kg) l 178 +7 170 +6 
2 + 183 +7 176 +7 
3 * 19749 186 +6 
Carbon dioxide production O 136 £7 128 +6 
(amol CO,/min/kg) l 149+7 141 +6 
2 * 1576 1507 
3 * 16947 160 +7 
Respiratory quotient O 0.81 +0.01 0.83 + 0.02 
(umol CO, /umol O3) 1 0.83 + 0.02 0.83 + 0,02 
2 * 0.85 + 0.01 0.85 + 0.02 
3 * 0.86 + 0.01 0.85 + 0.02 
Energy expenditure O 24.8 + 1,2 (p < 0.10) 22.6+ 1.1 
(kcal/kg/24 h) l * 26.4+ 1.1 25.0+0.9 
2 * 27.4+1.0 26.2 + 1.0 
3 * 29.44 1.2 27.7+1.0 
Respiratory frequency O 18+2 16+2 
(breath/min) ] 1I8+2 I8+3 
2 [72 18+2 
3 18+2 2042 
Heart rate (beats/min) O 725 75+8 
l 74£6 TIET 
2 7447 76 +6 
3 82 t6 8I £6 
Body temperature (C) O 37.2 £0.2 36.8 +0.1 
l 37.20.14 36.9 + 0.1 
2 37.0+0.2 36.8 + 0.1 
3 37.1+0.1 36.8 +0.1 
* p < 0.05. t B Comparison between the groups gives no statistically significant 


t A Fasted state vs. fed state. 


measured both as REE with the respiratory hood tech- 
nique,’~°> as well as total energy expenditure measured 
with the indirect heart method.' In agreement with our 
recent study, the cancer patients in the current study had 
a significantly higher energy expenditure than predicted 
(+100 kcal) during fasting and controls had a lower mea- 
sured expenditure than predicted (~85 kcal), although 
the absolute difference in energy expenditure did not reach 
statistical significance (p < 0.10). This may explain why 
the mean heart rate did not differ among the groups pre- 
viously reported.' In spite of this, we regard them as 
subgroups of study and control patients similar to the 
larger group of patients used in our previous work.” The 
cancer and the control patients in this study may have 
differed widely in the nature and progression of their dis- 
ease. The rate of weight loss differed among the individ- 
uals, and different states of malnutrition are not likely to 
have the same metabolic response. It is also possible that 
any metabolic effects associated with malignant tumor 
may be different for different types and stages of cancer. 
« However, all cancer patients in this study belonged to the 


differences. 


same clinical stage (stage IV), all with generalized disease 
that had caused an extensive and similar loss of body 
weight. Thus, we regarded these cancer patients as be- 
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FIG, 1. The increase of O, uptake above REE in response to IV nutrition. 
The parenteral solutions were infused at rates corresponding to multiples 
of measured REE after an overnight fasidseevMaterial and Methods). 


Arrow heads indicate cancer patienį indicate control patients. 
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Fic. 2. The increase of CO; production above resting production after 
an overnight fast. The parenteral solutions were infused at rates corre- 
sponding to multiples of measured REE after an overnight fast (see Ma- 
terial and Methods). Arrow heads indicate cancer patients, circles indicate 
control patients. 


longing to a well-defined group with regard to nutritional 
state even though the mechanisms and rate of the devel- 
opment of this state may have differed. 

In line with the above arguments about the possible 
differences in mechanisms behind the development of 
malnutrition, it is possible that the amount of nitrogen 
and calories ingested by the patients before and between 
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the infusion periods may have differed. The food intake 
was not standardized because we aimed to study the re- 
sponse of these patients in their habitual condition to de- 
fined infusions. Since we regard anorexia as the quanti- 
tatively most important reason for cancer cachexia, it was 
important to maintain secondary changes of metabolism 
to alteration in oral feeding before and during the infu- 
sions. Estimates of oral intake by interview showed that 
all patients had intakes of at least 65% of their basal need 
during their hospital stay and that the mean caloric intake 
of the cancer patients was not higher than that of the 
controls. Thus, the maintained response to infusions in 
cancer patients was certainly not explained by a more 
preserved appetite. 

Results of oxygen uptake and carbohydrate production 
are based on precise direct measurements. Computation 
of absolute values of substrate oxidation are dependent 
on measurements of nitrogen excretion, whereas the rel- 
ative proportion of oxidation of glucose and fat in an 
individual is less so. Values of substrate oxidation in the 
fasted state cannot be regarded absolute in this study, even 
if nitrogen excretion was measured over several days, be- 
cause we have to rely on nitrogen excretion data that rep- 
resent composites of fed (day) and fasted (night) states. 
Hospitalized patients cannot starve for 3—4 days to obtain 
true values of endogenous protein catabolism. For prac- 


TABLE 4. Infusion Rates of Glucose, Lipids (Intralipid) and Amino Acids (mean = SEM) in Relationship to Oxidation Rate of Carbohydrate and 
Fat~-Carbohydrate Oxidation is Calculated in Equivalence of Glucose (3.8 kcal/g) 


Infusion Rate 


(XREE) At 
Glucose infusion (mg/kg/min) I 
2 
3 
Lipid infusion (mg/kg/min) i 
2 
3 
Glycerol infusion (mg/kg/min) l 
2 
3 
Amino acid infusion 1 
(mg/kg/min) 2 
3 
Carbohydrate oxidation O 
(mg/kg/min) | 
2 * 
3 * 
Fat oxidation (mg/kg/min) O 
l 
2 * 
3 * 


Figures within parentheses indicate the proportion oxidized of the 
infused substrates. 
* p < 0.05. 


Malnourished Malnourished 
Cancer Patients Controls 
(N = 7) Bł (N = 6) Aft 

215+0.11 1.86 + 0.06 
4.30 +0.22 3.72 +0.12 
6.45 +0.33 5.58 £0.18 
0.90 + 0.05 0.80 + 0.03 
1.80+0.10 1.60 + 0.06 
2.70 £0.15 2.40 + 0.09 

0.096 + 0.005 0.085 + 0.003 

0.192 + 0.010 0.170 + 0.006 

0.288 + 0.015 0.255 + 0.009 
0.90 + 0.05 0.73 + 0.04 
1.80+0.10 1.46 + 0.08 
2.70 + 0.15 2.19+0.12 
1.58 +0.19 1.69+0.31 
1.86 + 0.36 (87) 1.92 + 0.32 (103) 
2.49 +0.15 (58) 2.33+0.14 (63)* 
2.61 +0.24 (40) 2.59 + 0.37 (46)* 
0.92 + 0.11 0.68 + 0.15 
0.66 + 0.14 (73) 0.73 + 0.16 (91) 
0.61 + 0.09 (34) 0.63 +0.19 (39) 
0.59 +0.13 (22) 0.63 + 0.13 (26) 


+ A Fasted state vs. fed state. 
+ B Comparison between the groups gives no statistically significant 
difference. 
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tical reasons, it also was not possible to obtain complete 
3-day urine specimens for the preinfusion values of ni- 
trogen excretion from all of our patients. However, prein- 
fusion values of nitrogen excretion compared well with 
reference values of nitrogen excretion in cancer patients 
(170 + 16 mg/kg/d, N = 31) and malnourished controls 
183 + 22 mg/kg/d, N = 17) as collected in our ward. 
Substrate oxidation during IV infusions was calculated 
with the nitrogen excretion in each individual, to which 
was added the increase in their blood urea during infu- 
sions. 

The arterial concentrations of the various substances 
agree with our previous findings, namely that glycerol, 
lactate, and free fatty acids concentrations were higher in 
the fasted state in the cancer patients. In response to in- 
travenous nutrition, glucose and alpha-amino nitrogen 
‘increased similarly, whereas glycerol and free fatty acids 
were decreased to a level that was not significantly different 
between the groups. The slightly higher blood levels of 
substrates in cancer patients during feeding corresponded 
to a similarly higher infusion rate per body weight of cor- 
responding substrates (Table 4). With respect to insulin 
concentrations in response to feeding, the current study 
disagrees with our previous finding of low insulin levels 
even in the fed state in cancer patients.>?’* This points 
to the possibility that impaired metabolic homeostasis, 
such as the glucose intolerance in progressive malignancy, 
may be the result of both decreased insulin responsive- 
ness? and decreased insulin secretion,” the two perhaps 
changing with the stage of tumor disease and the degree 
of malnutrition. Low secretion of insulin in the fed state 
is probably a later phenomenon than elevated levels. The 
higher lactate concentrations in the cancer patients agree 
with well-recognized findings of increased Cori cycle ac- 
tivity in cancer patients both in the fasted and the fed 
state. ™?! It has repeatedly been suggested that this lactate 
is generated in the tumor tissue, but our previous results 
suggest that it may also be generated in peripheral non- 
tumor tissue.** The tumor mass in the current study varied 
from approximately 1.5 kg to microtumors only. How- 
ever, no correlation was obtained between tumor volume 
and tumor type versus the increase in lactate concentra- 
tions or respiratory gas exchange. This argues against the 
suggestion that the tumor in itself is of quantitative im- 
portance compared with host-tissue metabolism in 
pneeral, although large sarcomas can certainly consume 
a considerable amount of substrates. 

In conclusion, this study confirms the finding that 
weight-losing cancer patients have altered plasma levels 
of substrates in the fasted state, even when compared, on 
the basis of a similar degree of malnutrition, with patients 
without cancer. This may be a composite of tumor and 


w altered host metabolism. Most of these differences dis- 
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appeared under strictly controlled feeding. The response 
and the magnitude of metabolic rate and oxidative me- 
tabolism were not impaired in this small group of cancer 
patients when they were challenged with substrate loads 
that corresponded to one to three times the whole body 
need. This supports the suggestion that cachectic cancer 
patients can generate and conserve energy at least with 
an efficiency similar to that of malnourished patients- 
without cancer. Whether they can respond with early ini- 
tiation of protein synthesis to the same extent remains to 
be evaluated. Our results represent quantitative whole 
body measurements and do not exclude the possibility 
that alterations in the intermediary metabolism can occur 
between cancer and control patients as reported for glu- 
cose cycling.76303!34 
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The Oxidation of Body Fuel Stores 


in Cancer Patients 





DOUGLAS T. HANSELL, F.R.C.S. 


In an attempt to define the mechanism of weight loss in cancer 
patients, fat and carbohydrate oxidation rates were calculated 
in 93 patients. Seventy patients with colorectal or gastric cancer 
were compared with a control group of 23 patients with non- 
malignant illness. Twenty-seven patients with cancer and 13 
control patients had lost more than 10% of their preiliness body 
weight. Fat and carbohydrate oxidation rates were derived from 
measurements of oxygen consumption, carbon dioxide produc- 
tion, and urinary nitrogen excretion. Patients with cancer had 
significantly higher fat oxidation rates (p < 0.01) and significantly 
lower carbohydrate oxidation rates (p < 0.05) when compared 
with controls. Weight-losing cancer patients had significantly 
higher fat oxidation rates when compared with welght-stable 
cancer patients (p < 0.02), weight~-stable controls (p < 0.01), 
and weight-losing controls (p < 0.02). Cancer patients with liver 
metastases (N = 14) had significantly higher fat oxidation rates 
(p < 0.01) and significantly lower carbohydrate oxidation rates 
{p < 0.01) compared with cancer patients who had localized 
- disease. There were no significant differences among the groups 
with respect to resting energy expenditure when expressed as 
kilocalorie per kilogram lean body mass per day. The presence 
of cancer appears to be associated with abnormal fat and car- 
bohydrate metabolism. The increased rate of fat oxidation seen 
in patients with cancer, especially those with weight loss or liver 
metastases, may be a significant factor in the development of 
cancer cachexia. 


ACHEXIA IS COMMON in cancer patients!” and is 
characterized by marked asthenia with loss of 
body fat and protein. In a study of 500 autopsies 

on cancer patients, Warren’ reported that cachexia ac- 
counted for more than 22% of the deaths, and was espe- 
cially common in colon and gastric cancer. Several causes 
have been implicated. For example, in patients with tu- 


mors of the gastrointestinal tract, anorexia and mechanical - 


obstruction result in a decreased food intake, leading to 
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weight loss. However, many cancer patients continue to 
lose weight in the absence of any obvious cause.* 

Several studies have suggested that cancer patients have 
a raised resting energy expenditure (REE) that significantly 
contributes to the development of cancer cachexia,” but 
we recently demonstrated®” that any effect of cancer on 
REE is likely to be too small to account for the observed 
weight loss. Alterations in fat and carbohydrate metabo- 
lism have been implicated.'° Some studies in rats have 
indicated increased endogenous fat utilization in the 
presence of cancer,!'~'? but data from human subjects are 
less well defined. Although recent studies have shown an 
increase in fat utilization in patients with cancer compared 
with controls,'*'® some of the cancer groups have been 
very heterogeneous'*!© and some control groups have 
been very small.!® 3 

In the current study we have investigated the effects o 
both cancer and weight loss on endogenous fat and car- 
bohydrate oxidation rates, and have limited consideration 
to colorectal and gastric cancer. 


Patients and Methods 


Ninety-three patients were studied. Colorectal or gastric 
cancer was proven histologically in 70 patients, and a 
control group of 23 patients had nonmalignant gastroin- 
testinal disease (Table 1). Of the 70 cancer patients, 43 
had lost little or no weight (weight-stable), whereas 27 had 
lost more than 10% of their preillness weight (weight-los- 
ing). The control group was similarly divided into ten 
weight-stable and 13 weight-losing patients (Table 2). Pa- 
tients who had clinical or bacteriologic evidence of infec- 
tion and those who had undergone surgery in the preced- 
ing year were not included in the study. In the cancer 
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TABLE 1. Pathologic Diagnoses in Weight-stable and Weight-losing Cancer Patients and Controls 


6 38 HANSELL 
Cancer 
Weight-stable 
Diagnosis (N = 43) 
Colorectal cancer 31 
Gastric cancer 12 


Duodenal ulceration 
Pyloric stenosis 
Cholelithiasis 

Benign colorectal polyp 
Diverticular disease 
Crohn’s disease 
Ulcerative colitis 


patients, the presence or absence of liver metastases was 
assessed by hepatic ultrasound and computed tomography 
(CT) scanning and confirmed at subsequent laparotomy. 
Six of the weight-stable patients and eight of the weight- 
losing patients had liver metastases. 

Measurements of energy and carbon dioxide produc- 
tion were made with an indirect calorimeter with a rigid 
canopy,” a sensitive paramagnetic oxygen analyzer (Ser- 
vomex Ltd., Crowborough, Sussex, United Kingdom), 
and an infrared carbon dioxide analyzer (Sieger Ltd, 
Poole, Dorset, United Kingdom). The whole system pro- 
vides measurements of oxygen consumption (VO,) and 
carbon dioxide production (VCO,), which have an error 
rate of less than +5%. The equipment was calibrated fre- 
quently with oxygen-free nitrogen, 0.80% carbon dioxide, 
and air at a known barometric pressure. The sensitivity 
and accuracy of the calorimeter were checked periodically 
by burning butane gas in the canopy. The 80 estimates 
of Vo, and Vco, collected during each calorimeter run 
of 40 minutes were processed on-line by a microprocessor 
and converted to mean energy production (waits) and 
respiratory quotient (RQ) with the formula of Weir '*: 


REE (kcal/d) = (3.9 VO + 1.1 VCO,)1440 min/d 


Control 
Weight-losing Weight-stable Weight-losing 
(N = 27) (N = 10) (N = 13) 
17 
10 
2 5 
ana Í 
2 I 
4 2 
I 2 
— 2 
1 aan 
where 


kcal/d = watts x 20.65 
VO, = oxygen consumption (L/min) 
VCO, = carbon dioxide production (L/min) 





The patients fasted, including fluids, for 12 hours before 
the calorimeter run but were kept hydrated by the intra- 
venous (IV) infusion of 5% dextrose solution, which pro- 
vided 80 ml of fluid (16 kcal) per hour. They were studied 
early in the morning and had remained in bed since 
awakening. The measurement period of 40 minutes was 
preceded by 30 minutes of acclimatization in the calo- 
rimeter canopy. 

Lean body mass (LBM) was derived from the mea- 
surement of total body water at the time of calorimetry. 
Tritiated saline (4 MBq) was injected IV and serum sam- 
ples were obtained 3 and 4 hours after injection. During 
the period of equilibration, all urine passed was collected 
to measure the loss of tritium in urine. LBM was derived 
from the volume of body water assuming that lean tissue 
contains 73% water.'? Urine was collected from each pa- 
tient over a 24-hour period that included the calorimetry 


TABLE 2. Clinical Details of Weight-stable and Weight-losing Cancer Patients and Controls* 








Cancer Control 
Weight-stable Weight-losing Weight-stable Weight-losing 

Number of patients 43 27 10 13 
Male:Female 28:15 12:15 2:8 7:6 

Age (yr) 65.1 + 1.6 67.0 + 2.3 39.1 + 4.5 58.3 + 4.8 
Body weight (kg) 63.9 + 2.1} 53.9 + 2.2t 70.8 + 5.05 56.3 + 2.8 
Lean body mass (kg) S144 1.9 45.4 + 2.08 51.5 + 3.3 46.8 t 2.4 
Weight loss (%) 3.0 + 0.5 17.0 + 1.2ł 2.0 + 0.8 15.0 + 1.4+ 

* Mean + SEM tp < 0.05 versus weight-losing controls. 


tp < 0.01 versus weight-stable cancer patients and weight-stable con- 
trols. 


§ p < 0.05 versus weight-stable cancer patients. 
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TABLE 3. Anthropometric and Nutritional Data of Weight-stable and Weight-losing Cancer Patients and Controls* 





in the presence « of metabolic processes such as lipogenesis 
and gluconeogenesis, which result in the accumulation or 
excretion of intermediary or end products pee than car- 
bon dioxide and water.”! 


. Cancer Control 
£ Weight-stable Weight-losing Weight-stable Weight-losing 
MAMC (% expected) 970+ 1.8 90.7 + 1.6T 106.1 + 4.28 93.5 + 2.9t 
TST (% expected) 104.3 + 6.8 73.14 5.3] 147.7 + 18.18 70.8 + 6.81 
Serum albumin (g/L) 37.8 + 0.8 33.2 + 1.0# 39.6 + 1.1° 39.5 + 1.2 
Serum transferrin (g/L) 2.6 + 0.1 2.2 + 0.1# 2.7 + 0.2 2.8 + 0.2 
Energy intake (kcal/d) 1865 + 98.9 1587 + 184.5 2314 + 248.5 2172 + 373.6 
Protein intake (8/9). 70.3 + 2.9 Seea 86.7 + 7.08 70.9 + 6.3 
* Mean + SEM . ll p < 0.001 versus weight-stable cancer patients and weight-stable 
t p< 0.01 versus weight-stable cancer patients and weight-stable con- controls. 
trols. Tp < 0.001 versus weight-stable controls. 
tp < 0.01 versus weight-stable controls. # p < 0.01 versus other three groups. 
§ p < 0.05 versus weight-stable cancér patients. 
measurement period. From this eailsetien the daily total An estimate of daily protein and energy intake was ob- 
va urinary nitrogen excretion was measured.” tained by a dietitian unaware of each patient’s diagnosis. 
Daily oxidation rates of carbohydrate and fat were cal- Serum albumin, midarm muscle circumference (MAMC), 
culated with the formulas of Frayn7': and triceps skinfold thickness (TST) were also measured. 
MAMC and TST were expressed as percentages of ex- 
Carbohydrate onieroe pected standard values.”* The Mann-Whitney U test was 
= (4.55 Vco2 — 3.21 VO2—2.87n)1440 min/d used us the. statistical analysis of nonparametric data. © 
Fat oxidation (e/a) | Res ults 
= (1.67 Vo2— 1.67 VCoz— 1.92 n)1440 min/d There was no significant difference in mean age among 
where the groups (Table 2). The weight-losing cancer patients 
_ had - ‘a significantly lower mean body weight and mean 
Voz = oxygen co prion (L/min) LBM than their weight-stable counterparts. The weight- 
VCO = carbon dioxide production (L/min) 
ae ae itro n (g/min) losing controls had a significantly lower mean body weight 
a BF but no significant difference in mean LBM compared with 
These formulas are very similar to those used by other their weight-stable counterparts. Both weight-losing 
authors- -23 in studies of substrate oxidation. It should be groups had lost 15% or more of their preillness body 
. noted that these formulas give net rates of “utilization” weight. 
rather than true oxidation rates. Small errors in the cal- Anthropometric and nutritional details are shown in 
me culation of fat and carbohydrate oxidation rates can occur Table 3. Mean MAMC and TST measurements were sig- 


nificantly lower i in both weight-losing groups compared 
with their weight-stable counterparts. This was especially 
evident for the TST measurements, which were almost 


30% less than expected standard values for both weight- 


TABLE 4. Resting Energy Expenditure (REE), Respiratory Quotient (RQ), and Urinary Nitrogen in Weight-stable 
and Weight-losing Cancer Patients and Controls* 


Cancer Control 
Weight-stable Weight-losing Weight-stable _Weight-losing 
REE (kcal/kg/d) 22.7 + 0.5t 24.6 + 0.6§ 20.6 + 0.8 23.5 + 0.8 
REE (kcal/kg LBM/d) 28.0 + 1.0 29.3 + 0.8 26.0 + 1.6 28.2 + 0.5 
RQ i 0.802 + 0.009 0.786 + 0.011 0.828 + 0.017 0.806 + 0. 021 
Urinary nitrogen (g/d) 5.4 + 0.5 4.3 + 0.3 5.2£0.7 4.4+0.5 
* Mean + SEM t p < 0.05 versus weight-stable controls. | 


tp< 0. 05 versus weight-stable controls and weight-losing cancer pa- 


- § p < 0.001 versus weight-stable controls. 
44 tients. l 
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TABLE 5. Fat and Carbohydrate Oxidation Rates in Weight-stable and Weight-losing Cancer Patients and Controls* 


640 
Cancer 
Weight-stable 
Fat oxidation 
(g/kg/d) 1.39 + 0.08 
(g/kg LIBM/d) 1.69 + 0.13 
Carbohydrate oxidation 
(g/kg/d) 1.79 + 0.20 
(g/kg LBM/d) 2.47 + 0.24 


* Mean + SEM 


losing groups. The weight-losing cancer patients had sig- 
nificantly lower mean serum albumin and transferrin lev- 
els than the other three groups. No significant differences 
were detected in mean energy intakes, but both cancer 
groups had a significantly reduced protein intake com- 
pared with the weight-stable controls. 

REE has been expressed in two ways (Table 4): as kilo- 
calorie per kilogram body weight per day and as kilocalorie 
per kilogram LBM per day. When REE was expressed in 
terms of body weight, both weight-losing groups had a 
significantly higher mean REE than their weight-stable 
counterparts. However, there were no significant differ- 
ences in REE among the groups when REE was expressed 
in terms of LBM. There were no significant differences 
in RQ or daily urinary nitrogen excretion among the 
groups. 

Oxidation rates of endogenous fat and carbohydrate 
are shown in Table 5. As with REE, these oxidation rates 
were expressed as kilograms of body weight and kilograms 
of LBM to allow comparison among groups. When fat 
oxidation was expressed in terms of body weight, the 
weight-losing cancer patients had a significantly increased 
mean fat oxidation rate compared with the other three 
groups. There were no significant differences among the 
groups when carbohydrate oxidation was expressed in 
terms of body weight. When fat and carbohydrate oxi- 
dation rates were expressed in terms of LBM, no signifi- 
cant differences were detected among the groups. 


TABLE 6. Fat and Carbohydrate Oxidation Rates Comparing All 
Cancer Patients with All Controls* 


Cancer Control 
(N = 70) (N = 23) p 

Fat oxidation 

(g/kg/d) 1.50 + 0.07 as <0.01 

(g/kg LBM/d) 1.83 + 0.10 1.50 + 0.12 <0.05 
Carbohydrate 

oxidation 

(g/kg/d) 1.69 + 0.14 2.25 + 0.29 <0.05 

(g/kg LBM/d) 2.20 + 0.18 2.82 + 0.33 <0.05 

* Mean + SEM 





Control 
Weight-losing Weight-stable Weight-losing 
1.68 + 0.12t 1.07 + 0.16 1.27 + 0.14 
2.02 + 0.16 1.45 £0.19 1.54 + 0.17 
54 + 0.22 2.10 + 0.33 2.38 + 0.47 
82 + 0.27 2.88 + 0.43 2.77 + 0.51 


t p < 0.02 versus weight-stable cancer patients and weight-losing con- 
trols, and p < 0.01 versus weight-stable controls. 


It is evident from Table 5 that both cancer groups had 
higher mean fat oxidation rates and lower mean carbo- 
hydrate oxidation rates than both control groups, regard- 
less of the way in which these rates were expressed. When 
fat and carbohydrate oxidation rates of all the cancer pa- 
tients were compared with those of all controls (Table 6), 
fat oxidation rates were significantly higher and carbo- 
hydrate oxidation rates significantly lower in the patients 
with cancer. Furthermore, patients with liver metastases 
had significantly higher fat oxidation rates and signifi- 
cantly lower carbohydrate oxidation rates than the cancer 
patients without liver metastases (Table 7). No correlation 
was found between fat oxidation rate and the degree of 
weight loss for any of the groups. 


Discussion 


This study demonstrates that patients with colorectal 
or gastric cancer have increased rates of body fat oxidation 
compared with patients who have nonmalignant illness. 
This increase in fat oxidation is especially evident in can- 
cer patients who have lost weight and who have liver me- 
tastases. This abnormal fat metabolism in cancer patients 
has also been observed in experimental animals. For ex- 
ample, in 1949, Mider and colleagues'' showed that rats 
bearing Walker carcinoma 256 had significantly greater 
loss of body fat than well-matched controls. Mider also 
reported that this progressive loss of body fat began only 
when anorexia developed.” Haven and colleagues stated 
that the total lipid in tumor-bearing rat carcasses was in- 
versely proportional to the size of the tumor,'* and they 
and others reported lipemia!? during tumor growth in rats. 

Studies of fat metabolism in tumor-bearing patients 
have been less well controlled. In 1917, Murphy and col- 
leagues?” reported an increased REE in a patient with 
leukemia, and concluded that most of the calories were 
supplied by fat. More recently, various workers have re- 
ported abnormalities in fat metabolism in patients with 
cancer. For example, Waterhouse and Kemperman!‘ 
showed diminished suppression of free fatty acid oxidation 
in response to a glucose load in five patients with meta- 
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static cancer compared with controls. Other workers!*’ 
have reported increased lipolysis and fat oxidation rates 
in patients with cancer. For example, Arbeit and col- 
leagues’* reported an increased fat oxidation rate in four 


- cancer patients with diffuse metastatic disease compared 


with 11 controls. The increased mobilization of free fatty 
acids from the adipose tissue of tumor-bearing hosts has 
various possible mechanisms: increased sympathetic 
tone,”® abnormal enzyme activation, deranged insulin/ 
glucagon activity, or a direct effect of tumor products.'° 
The isolation from tumors.of “lipid-mobilizing factors” 

has been reported,’ but the exact nature of these sub- 
stances remains obscure. Arbeit and colleagues'> reported 
increased fat oxidation rates in patients with metastatic 
cancer compared with controls, but found no significant 
difference between patients with localized cancer and 
controls. They also found no significant difference between 
patients with metastatic and localized cancer. In contrast, 
patients with liver metastases in the current study had 
significantly increased fat oxidation rates and significantly 
decreased carbohydrate oxidation rates compared with 


` patients with localized cancer. 


Apart from the current study, only one other group of 
investigators has attempted.to compare both weight-stable 
and weight-losing patients with cancer and nonmalignant 
illness. Eden and colleagues!® showed that weight-losing 
cancer patients had significantly increased glycerol turn- 
over and concluded that this probably indicated an in- 
creased whole body lipolysis. However, their study in- 
volved only 20 patients with a variety of tumors. Fur- 
thermore, their weight-losing control group was not strictly 
comparable in that four of the six patients had lost weight 
several months or years previously and therefore were not 


actively losing weight. In the current study we have studied ° 


large groups of patients who were well matched with re- 
spect to age and weight as well as the degree and rate of 
weight loss. Only two tumor types have been studied, 
namely colorectal and gastric cancer, which previously 
have been shown to behave similarly with respect to 
REE.” The use of heterogeneous cancer groups should 
be viewed with caution because differences in the meta- 
bolic behavior of various tumor types have been re- 
ported.?>! In the current study, there were no significant 
differences in fat or carbohydrate oxidation rates between 
the patients with colorectal and gastric cancer. | 
The low TST measurements in the weight-losing cancer 
patients are consistent with the observed increase in en- 
dogenous fat oxidation in these patients. It should be 
noted, however, that the weight-losing controls, although 
having a similar TST measurement, had normal fat oxi- 
dation rates. This may indicate an altered pattern of weight 
loss, with the controls having an initial rapid loss of body 


~ fat, whereas the cancer patients have a more prolonged 


but less rapid loss. 
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TABLE 7, Fat and Carbohydrate Oxidation Rates in Cancer Patients 
with or without Liver Metastases* 


Mana No Metastases 
(N = 14) (N = 56) p 
Fat oxidation 
(g/kg/d) 1.89 + 0.17 1.40 + 0.07 <0.01 
(g/kg LBM/d) 2.25 + 0.23 17i+0.11 <0.05 
Carbohydrate 
oxidation ` 
(g/ke/d) 1,04 + 0.28 1.85 + 0.16 <0.01 
(g/kg LBM/d) 1.20 + 0.33 2,48 + 0.20 <0.001 
* Mean + SEM 


Various workers have reported altered carbohydrate 
metabolism in cancer patients. An increased rate of aner- 
obic glycolysis with lactate production has been demon- 
strated in tumor cells,**** and increased glucose turnover 
has been found in tumor-bearing patients.” These obser- 
vations are compatible with our own finding, since the 
observed decrease in carbohydrate oxidation rate in tu- 
mor-bearing patients could still occur against a back- 
ground of increased Cori cycle activity and increased glu- 
coneogenesis. 

The inaccuracies associated with the assessment of di- 
etary intake are most likely responsible for the lack of 
statistical significance between the low mean energy in- 
takes in the cancer groups compared with the controls. 
Nevertheless, mean energy intake in the weight-losing 
controls was greater than that of both the cancer groups. 
This suggests a degree of anorexia even in cancer patients 
who had not lost weight, and perhaps reflects the ability 
of the tumor-bearing host to compensate for a decreased 
food intake, at least in the early stages of the disease. The 
reduced serum albumin and transferrin levels in the 
weight-losing cancer patients are et to the findings 
of other studies. !535 

Our study highlights the problems eed when 
different groups of patients are compared in terms of REE. 
To allow such comparison, it is necessary to normalize 
the data with respect to some index of body size. The 
inaccuracies associated with expression of REE in terms 
of kilograms of body weight have been reported previ- 
ously.’ Expression of REE in terms of the metabolically 
active portion -of body weight, namely LBM, reveals no 
significant differences in REE among the groups. This 
confirms our earlier finding in a larger series of patients.’ 
The potential inaccuracies of the tritium dilution tech- 
nique for deriving LBM have been discussed elsewhere.’ 
No significant differences were found among the groups 
in terms of RQ, a finding similar to that of others. 153437 
However, in'both this study and those of others'*”° the 
RQ of the cancer groups have been conssenti lower 
than those of the controls. 


642 


Currently, we can offer no firm explanation as to the 


mechanisms responsible for altering fat metabolism in 
patients with cancer. It is likely that it is hormonally me- 
diated, and changes in insulin, glucagon, cortisol, and 
catecholamine levels may deserve further study. However, 
recent reports that macrophage-derived substances such 
as tumor necrosis factor or cachectin*® interfere with fat 
metabolism suggest that this putative “defense” against 
the tumor-bearing state may be involved in the devel- 
opment of cancer cachexia. 
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Prompt pain relief 


o Beginning on day 1 in most patients 
o Lasting all night and all day 












Night pain 


Mean Night Pain Scores— 
PEPCID versus Zantac 


EE PEPCID, 40 mg h.s. 
n= 240 


Day pain 


Mean Day Pain Scores— 

PEPCID versus Zantac 

E PEPCID, 40 mg h.s. 
n=240 


@® Zantac, 150 mg b.i.d. 
n= 246 
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Night pain and day pain were recorded daily by the patient using a 4-point scale (0 = none, | = mild, 
2 = moderate, 3 = severe). Scores for days 1 through 7 and a weekly pain evaluation for weeks 2 
through 8 were analyzed. 












Rapid ulcer healing 


o Healing often complete by week 4 
o 87% healed by week 8 


PEPCID 40 mg h.s. was comparable to Zantac 150 mg b.i.d. in an 8-week, double-blind, 
randomized multicenter study involving 980 patients with endoscopically confirmed active 
duodenal ulcer. Efficacy evaluations included pain relief, healing rates, antacid consumption, and 
global assessments by patient and investigator. PEPCID was also studied in doses of 20 mg D.I.d. 
and 40 mg b.i.d., and results were comparable for all groups. 
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Excellent tolerability documented 
in clinical trials in over 2,400 patients 


oO Few central nervous system effects observed 

o Antiandrogenic effects rare 

O In elderly patients, no clinically significant age-related changes 
IN pharmacokinetics 

o No drug interactions identified in controlled studies 

O Generally well tolerated—adverse reaction incidence comparable 
to placebo 


Simplified dosage 


0 Acute therapy 
active duodenal ulcer—one 40-mg tablet at bedtime 


Most patients heal within 4 weeks; there is rarely reason to use PEPCID at full dosage for longer 
than 6 to 8 weeks. 

Antacids may be given concomitantly, if needed. Food and antacids do not significantly 

affect absorption. 


o Maintenance therapy 
duodenal ulcer—one 20-mg tablet at bedtime 


Cost-effective therapy 


O Cost per month of therapy less than Zantac* 


“Based on the manufacturer's direct or wholesale price to the retail pharmacist. 
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Contraindications: Hypersensitivity to any component. 


Precautions: General: Symptomatic response to therapy does not 
preclude the presence of gastric malignancy. 


Patients with Severe Renal Insufficiency: Longer intervals between 
doses or lower doses may be needed in patients with severe renal 
insufficiency (creatinine clearance <10 mL/min) to adjust for the 
longer elimination half-life of famotidine (see Clinical Pharmacology 
and Dosage and Administration sections of Prescribing Information). 


Drug Interactions: No drug interactions have been identified. 
Compounds tested in man include warfarin, theophylline, phenytoin, 
diazepam, aminopyrine, and antipyrine. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In rats and 
mice given oral doses up to approximately 2500 times the 
recommended human dose for active duodenal ulcer, there was no 
evidence of carcinogenic potential, no evidence of a mutagenic 
effect, and fertility and reproductive performance were not affected. 


Pregnancy: Pregnancy Category B—There are no adequate or 
well-controlled studies in pregnant women. Use during pregnancy 
only if clearly needed. 


Nursing Mothers: It is not known whether famotidine is secreted into 
human milk; however, it is secreted into the milk of lactating rats. A 
decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug 
to the mother. 


Pediatric Use: Safety and effectiveness in children have not been 
established. 


Use in Elderly Patients: No dosage adjustment is required based on 
age but may be necessary in severe renal impairment (see Clinical 
Pharmacology section of Prescribing Information). 


Adverse Reactions: The adverse reactions listed below have been 
reported during domestic and international clinical trials in 
approximately 2500 patients. In the placebo-controlled clinical trials, 
the incidence of adverse experiences with PEPCID Tablets, 40 mg at 
bedtime, was similar to that with placebo. 


Incidence Greater than 1%: The following adverse reactions have 
been reported to occur in more than 1% of patients on therapy with 
PEPCID in controlled clinical trials and may be causally related to the 
drug: headache (4.7%), dizziness (1.3%), constipation (1.2%), and 
diarrhea (1.7%). 


Causal Relationship Unknown: The following other adverse 
reactions have been reported in clinical trials. While a causal 
relationship could not be established for these infrequently reported 
events, Causality cannot be excluded. Body as a Whole—Fever, 
asthenia, fatigue. Cardiovascular—Palpitations. Gastrointestinal— 
Nausea, vomiting, abdominal discomfort, anorexia, dry mouth, liver 
enzyme abnormalities. Hematologic—Thrombocytopenia. 
Hypersensitivity —Orbital edema, conjunctival injection. 
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Musculoskeleta/—Musculoskeletal pain, arthralgia. Nervous 
System/Psychiatric—Paresthesias; grand mal seizures (single 
report); psychic disturbances including depression, anxiety, 
decreased libido, hallucinations (single report); insomnia; 
somnolence. Respiratory—Bronchospasm. Skin—Alopecia, acne, 
pruritus, rash, dry skin, flushing. Special Senses—Tinnitus, taste 
disorder. 


Management of Overdosage: There is no experience to date with 
deliberate overdosage. Doses up to 640 mg/day have been given to 
patients with pathological hypersecretory conditions with no serious 
adverse effects. In the event of overdosage, treatment should be 
symptomatic and supportive. Unabsorbed material should 

be removed from the gastrointestinal tract, the patient should be 
monitored, and supportive therapy should be employed. 


Dosage and Administration: Duodenal Ulcer: The recommended 
adult oral dosage for active duodenal ulcer is 40 mg h.s.; most 
patients heal within 4 weeks, and it is rarely necessary to use the full 
dosage for longer than 6 to 8 weeks. A regimen of 20 mg b.i.d. is also 
effective. For maintenance therapy, the recommended oral dosage is 
20 mg h.s. 


Pathological Hypersecretory Conditions (such as Zollinger- 
Ellison syndrome, multiple endocrine adenomas): The dosage in 
pathological hypersecretory conditions varies with the individual 
patient. The recommended adult oral starting dosage is 20 mg q6h, 
but some patients may require a higher starting dosage. Dosages 
should be adjusted to individual patient needs and continued as long 
as Clinically indicated. Up to 160 mg q6h has been administered to 
some patients with severe Zollinger-Ellison syndrome. 


Concomitant Use of Antacids: Antacids may be given 
concomitantly if needed. 


Dosage Adjustment for Patients with Severe Renal Insufficiency: 
In patients with severe renal insufficiency (creatinine clearance less 
than 10 mL/min), the elimination half-life of famotidine may exceed 

20 hours, reaching approximately 24 hours in anuric patients. Although 
no relationship of adverse effects to high plasma levels has been 
established, to avoid excess accumulation of the drug, the dosage 
may be reduced to 20 mg h.s. or the dosing interval may be prolonged 
to 36 to 48 hours as indicated by the patient's clinical response. 


How Supplied: PEPCID® (Famotidine, MSD) Tablets, containing 
20 mg or 40 mg famotidine, with hydroxypropyl cellulose, hydroxypropyl 
methylcellulose, iron oxides, magnesium stearate, microcrystalline 
cellulose, starch, talc, and titanium dioxide as inactive ingredients, 
in bottles of 30 and unit-dose packages of 100. 


For more detailed information, consult your 

MSD Representative or see Prescribing Information. ERCK 
Merck Sharp & Dohme, Division of Merck & Co., INC., $ 

West Point, PA 19486 J6PE01-1(200) 





Successful Treatment of Osteomyelitis and Soft 
Tissue Infections in Ischemic Diabetic Legs by Local 
Antibiotic Injections and the End-diastolic 
Pneumatic Compression Boot 





RICHARD S. DILLON, M.D., F.A.C.P.” 


Thirty-four legs at risk of amputation due to peripheral arterial 
insufficiency associated with ischemic necrosis, soft tissue in- 
fections, osteomyelitis, and variable degrees of peripheral neu- 
ropathy were reported in 28 diabetic patients. Amputation had 
been considered in 27 legs for which standard therapies had 
failed for the current illness and in two legs in which standard 
therapy had failed for previous illnesses. Local therapy was the 
initial form of therapy for five legs in which standard therapy 
appeared likely to fail. Infection was controlled in all patients 
with the use of local antibiotics and compression boot therapy. 
Early leg amputation was avoided in all but one patient. Late 
leg amputation occurred in two patients who were lost to follow- 
up care. Osteomyelitis, ischemic necrosis, and advanced soft tis- 
sue infection were shown not to be clear-cut indications for am- 
putation in the ischemic diabetic foot. 


FFECTIVE LEVELS OF ANTIBIOTICS in tissue may 
not be achieved in foot lesions of patients with 
ischemic peripheral arterial disease or osteomy- 

elitis when administered by conventional oral or intra- 
venous (I. V.) routes. In this study, antibiotics were injected 
into infected tissue to ensure effective local antibiotic 
concentrations. 

The literature on local antibiotic usage in soft tissue 
infections or in osteomyelitis is scant. Many topical an- 
tibiotic creams and ointments are available. Antibiotics 
have been used locally in peritoneal dialysis fluids, in chest 
aerosols,! in irrigation fluids for an infected arterial graft’ 
and joint infections,’ and in bone cement after total hip 
arthroplasty.* In these cases, blood supply was adequate, 
the distance between the infection and the antibiotic so- 
lution was small, and surgical debridement and drainage 
procedures were performed. In contrast, in the 28 patients 


* Clinical Assistant Professor of Medicine, Jefferson Medical School. 
Reprint requests: Richard S. Dillon, 212 Bryn Mawr Medical Building, 

Lindsey Avenue and County Line Road, Bryn Mawr, PA 19010. 
Submitted for publication: April 3, 1986. 
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reported here, diabetes was present, osteomyelitis was 
common, the blood supply was marginal, the infected 
tissue was intact, and debridements or drainage incisions 
were rarely used. Little and Kobayashi? concluded that 
amputation is almost inevitable in such patients. 

The injection of high concentrations of antibiotics into 
partially devitalized ischemic foot tissue can be ineffective, 
hazardous, and painful. Simple injection may not dis- 
seminate antibiotic throughout the infected tissue, and 
high concentrations of antibiotic could be harmful to the 
tissue. Finally, even in the presence of adequate antibiotic 
levels, ischemic lesions will not heal without adequate 
blood flow. The Circulator Boot™ Systems (the Circulator 
full-leg boot and the Circulator Miniboot) (Circulator Boot 
Corporation, Ardmore, PA) were used to solve these 
problems. The full-leg Circulator Boot encloses the leg 
from the groin to the toes. It is an end-diastolic pneumatic 
compression boot that is purported to increase peripheral 
blood flow by improving cardiac output, increasing venous 
and lymphatic return, stimulating fibrinolysins, and pro- 
moting arterial rechannelization and the development of 
collateral arterial flow. °? The Circulator Miniboot en- 
closes the foot and as much of the lower leg as necessary 
to include 4—6 inches of well-vascularized tissue. It is used 
in the sitting position to treat the distal leg only if the 
distal arterial circulation is abnormal. In the current cases, 
the boots were used both to increase blood flow and to 
disseminate locally injected antibiotics throughout the in- 
fected area of the foot. Patients with normal sensation in 
their feet tolerated the injections of antibiotics because 
their pain was relieved within a few minutes by the boot 
therapy. 
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TABLE |. Patient Characteristics 


No. of Patients 


N = 28 

Treatment of diabetes 

Insulin 27 

Sulfonylureas I 
Smoking habits 

Active 9 

Previous 13 

Nonsmokers 6 
Sex (age) 

Male 17 (68 + 7.62 yrs)" 


Female 11 (70.3 + 9.8 yrs) 
Associated previous conditions 


Blood pressure > 160/90 despite medication 14 


Angina of previous myocardial infarction 14 
Congestive heart failure 7 
Cerebrovascular disease (stroke or TIA) 7 
Chronic renal failure 4 
Calf claudication limiting activity 6 
* Mean + SD. 
Methods 
Patients 


Consecutive patients who had no palpable pedal pulses, 
had abnormal noninvasive vascular tests, and were can- 
didates for local antibiotic therapy are reported. Such pa- 
tients were considered candidates because of failure of 
their previous therapy or because of the presence of isch- 
emia or osteomyelitis, which was believed to make a suc- 
cessful outcome for conventional therapy unlikely, Their 
baseline characteristics are summarized in Tables 1-6. 


Neuropathic Feet 


The prognosis of the patients was diminished to some 
extent by the presence of variable degrees of neuropathy. 
Patients with obviously well-vascularized neuropathic ul- 
cers were treated with the same techniques and did well 
but are excluded from this report. Eight patients, however, 
had one or more of the following features, which suggested 
an important neuropathic element to their disease: mis- 
shapen feet, ulcerated plantar callus, small muscle atrophy, 
calcified pedal arteries,!? or a marked decrease in sensa- 
tion. Reasons for claiming ischemia as a more important 
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TABLE 2. Thirty-four Legs Treated in 28 Patients 


No. of 

Patients 
One leg treated 22 
Both legs treated 3 
Same leg treated for separate illnesses 3 


factor in their disease, however, was the normal shape 
and sensation of the other foot, the documentation of 
abnormal vascular tests, the failure of previous therapies 
and, as discussed later, their response to therapy. 


Control Studies 


These patients had already served as their own controls 
and could not, with good conscience, be divided into new 
treatment and conventional treatment groups: initial 
conventional treatment had failed for 27 of the 34 legs. 
Because of this history of failure, local treatment was 
started for second illnesses in two of the 27 legs. In five 
legs for which it appeared that conventional therapy was 
likely to fail, local antibiotics and boot therapy were the 
initial therapy. Because of the combination of ischemia 
and infection across either toe or transmetatarsal ampu- 
tation sites, likely alternate therapy was leg amputation 
for 30 legs, toe amputation for one leg, transmetatarsal 
amputation for one leg, and resection of the fifth toe and 
metatarsal for one leg. The possibility of arterial bypass 
surgery and toe amputation had not been ruled out in 
one patient. All but four of the patients had been offered 
leg amputation before referral for boot therapy or had 
been advised that amputation would likely be necessary 
if boot therapy failed. 


Antibiotics 


Antibiotics were chosen according to sensitivities of 
cultured bacteria. Only preparations claimed by the man- 
ufacturer to be safe for intramuscular use were used. When 
no culture report was available, therapy was begun with 
gentamicin. Gentamicin and tobramycin are supplied in 
vials containing 80 mg of antibiotic in 2-ml solution. Am- 
picillin, cefazolin, carbenicillin, and nafcillin are supplied 
in powder form and were diluted with sterile water (free 


TABLE 3. Combinations of Major Lesions 


Abscess Cellulitis Osteomyelitis 
34 legs at start li 15 20 
31 legs saved 10 13 18 


3 BK 
amputations I 2 2 


Type of Lesion 


Gangrene Ulcer Paronychia Neuropathy 
13 8 3 8 
li f; 3 7 
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TABLE 4. Noninvasive Vascular Testing" 





No. of Legs 
N = 34 
Ankle:arm blood pressure ratios 
<50% in I tibial artery 20 
<50% in anterior and posterior tibial arteries 1} 
> 100% (medial calcinosis) 6 
>50% and absent to faint Doppler in foot 12 


* Ankle Doppler Ultrasound tracings abnormal in all patients. 


of benzyl alcohol) to make solutions containing 100-200 
mg of antibiotic per milliliter. Areas of cellulitis less than 
7.5 cm in diameter usually were injected at one or two 
sites with | ml of antibiotic solution. Larger areas were 
injected at 2-5 sites with a total of 2 ml of antibiotic 
solution. Areas adjacent to known osteomyelitis were 
especially targeted. The bone itself was not purposely in- 
jected. The antibiotics were injected with disposable in- 
sulin syringes. Immediately after the antibiotic injection, 
the patient received a 40-minute treatment with either 
the full-leg Circulator Boot or the lower-leg Circulator 
Miniboot to disseminate the antibiotic around the foot 
and to increase the arterial circulation to the foot. The 
feet of nine patients with superficial necrotic ulcers were 
also placed in plastic bags containing 200-ml multielec- 
trolyte solution (Sea Soaks’) and appropriate antibiotics; 
the bagged feet were then placed within the Miniboot and 
thus pumped within the antibiotic solution. The full-leg 
boot was generally timed to deliver a 40-msec compression 
of 56 mmHg (30 inches of water pressure) 30-60 msec 
after every other QRS complex of the EKG. The Miniboot 
was generally timed to deliver a 32-msec compression of 
76 mmHg (40 inches of water pressure) 40-60 msec after 
every other QRS complex. Injections were administered 
once a day and from 3-7 times a week depending on the 
response of the infection and the tolerance of the tissues 
to the injections. 


Results 


Overall therapeutic results are summarized in Table 7. 
Immediate amputation was avoided in 32 of 34 legs (94%) 
and was not performed after the first 6 months. 


Osteomyelitis 


Of the 18 patients with definite osteomyelitis and two 
with probable osteomyelitis, 16 were cured. Small se- 
questra were removed with forceps from the ulcers of three 
patients who went on to heal. The initial 24-day hospi- 
talization of another patient was terminated by our Uti- 
lization Committee because he appeared to be almost 


» healed. He experienced a relapse at home and returned 


for a successful amputation of his fifth toe and metatarsal 


TREATMENT OF OSTEOMYELITIS 
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TABLE 5. Previous Antibiotic Therapies 





No. of Legs 
N = 34 
Previous history of unsuccessful antibiotic therapy 29 
Previous unsuccessful courses of | or more 20 
antibiotics given intravenously in hospital 
Local initial treatment by author 5 


head. Two women, whose care was shared with a general 
surgeon, had below-the-knee (BK) amputations. One had 
been lost to boot follow-up therapy after a successful 
transmetatarsal amputation and the other had a sterilized 
but unstable foot after open amputation of the first meta- 
tarsal bone and toe. Serial x-rays illustrating the healing 
of osteomyelitis are shown in Figures 1A-D. 


Soft Tissue Infections and Gangrene Without Associated 
Osteomyelitis 


One transmetatarsal and one BK amputation were per- 
formed in this group of 14 legs. One patient had gangrene 
of all five toes and cellulitis in the midfoot. His leuko- 
cytosis and fever were normalized and he was discharged 
pain-free and ambulatory to our rehabilitation home 
where he remained 1 day. It was hoped that additional 
boot therapy in the home might improve his plantar flap 
and allow a successful transmetatarsal amputation. His 
family doctor placed him in another hospital for an 1m- 
mediate BK amputation. The foot of another patient was 
sterilized and a transmetatarsal amputation was per- 
formed to remove extensive distal tissue necrosis. Four 
patients had successful autoamputation of portions of their 
toes. Finally, areas of superficial gangrene sloughed off 
and the skin healed in the legs of two patients. An example 
of difficult soft tissue infection cured with the described 
techniques is shown in Figure 2. 

Overall, of the 34 legs, 31 were spared amputation. Pain 
was lessened or relieved in all lesions within a few days 
of the local injection of antibiotics in spite of persisting 
ischemia. The walking capacity in the six patients with 
calf claudication after two or three steps, 25 feet, 2 block, 
2 block, 2 block, and one block, respectively, improved 
to 2-3 blocks, unlimited, unlimited, one block dyspnea, 


TABLE 6. Risks for Leg Amputation 





No. of Legs 
Risk N = 34 
Infection 34 
Severe ischemia without gangren 19 
Gangrene | 10 
Severe pain 4 
Failure of conventional therapy 29 
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TABLE 7. Results of Boot Therapy and Local Antibiotic Administration in Treatment of 34 Legs at Risk of Amputation 





Original Original Relapse of New New Deaths 
Months Patients Lesion Lesion Original Lesion Lesion with 
from (Legs) Being Stable Legs Lesion and Same Other Intact 
Presentation at Risk Treated at Death Removed OPD Rx Leg Leg Legs 
0-1 28 (30) 28 (30) ü 2 0 0 0 0 
i-6 24 (26)* 14 0 l Z 0 l i| 
7-12 22 (24) 3 l 0 3 | l 2 
13-18 16 I 0 0 2 l 0 0 
19-24 13 I 0 0 I es 0 ane 
25-30 8 0 0 0 0 I 0 0 
31-36 5 0 0 0 0 0 0 0 
37-48 4 0 0 0 0 0 0 I 
49-60 2 0 0 0 0 0 0 0 
60+ 1 0 0 0 0 0 0 0 





* One patient with 2 legs lost to follow-up. 


2 blocks dyspnea, and 2-3 blocks dyspnea and fatigue, 
respectively. 


Neuropathic Feet 


In those diabetic patients with neuropathic feet, sen- 
sation improved as the infection and swelling of their feet 
were controlled. Early in their course they commonly did 
not sense the needle injections; however, they did sense 
the last few injections. In these patients it appeared that 
the infection, ischemia, and swelling of the feet were causes 
rather than results of their decreased sensation. 


Follow-up 


Seven patients died after a mean + SD of 22.6 + 24 
months after presentation. All but one died without ad- 
ditional leg surgery. The latter patient transferred to an- 
other hospital after having a stroke; 11 months after his 
course of boot therapy he underwent a successful distal 
bypass but died in the postoperative period. Among the 
living patients, the lesions of two patients relapsed after 
4.5 + 2 months; they were treated again, and have done 
well for 22 + 3 months. Three patients have gone 51 + 17 
months without relapse of their original lestons but have 
had other lesions that were successfully treated. One un- 
cooperative and immobile patients with Alzheimer’s dis- 
ease required intermittent maintenance treatments. 
Eleven patients have gone 21.9 + 16 months without re- 
lapse or new lesions. The three amputations and one pa- 
tient lost to follow-up complete the list of 28 patients. 


Discussion 


Alternate suction and pressure treatment of ischemic 
feet was practiced with moderate success in several centers 
in the 1930s before the discovery of antibiotics.'!"'!” The 
presence of cellulitis or osteomyelitis was considered a 


** One patient sought operative care elsewhere and died after 
operation. 


contraindication to therapy.'' Infection was a common 
cause of treatment failure. Infection and its associated 
pain likewise have made treatment with the Circulator 
Boot intolerable for some patients. For such patients, the 
pain relief associated with local antibiotic usage has made 
boot therapy possible. 

This report does not separate the effects of boot therapy 
from that of the use of local antibiotics. However, before 
the use of local antibiotics, boot therapy and systemic 
antibiotics were unsuccessful in sterilizing infected bone 
so that some amputations became necessary. The use of 
local antibiotics without boot therapy may prove hazard- 
ous. Some tissue necrosis was occasionally seen at the 
injection site even with boot therapy. In these patients 
the devitalized areas healed and the patient was benefited 
by both pain relief and sterilization of his lesion, which 
made the risk of the injections worthwhile. 

Currently, the author commonly uses both local and 
systemic antibiotics in patients referred for boot therapy 
if infected lesions are present. Infected calluses, blisters, 
and soft tissue infections may respond rapidly, and hos- 
pitalization is commonly avoided. The drainage from in- 
fected bone is also quickly sterilized, but x-ray changes 
in the bone are seen over | or more weeks. On occasion, 
infection may be cured by the “wrong” antibiotic; the 
high concentration of antibiotic achieved by local injection 
may effectively eradicate infection when the antibiotic 
sensitivity studies report that the usual concentrations 
achieved in serum would be ineffective. 

The administration of local antibiotics appears to be 
especially advantageous in diabetic patients in whom vas- 
cular disease and renal failure are commonly found, 
making nephrotoxic drugs less effective and more dan- 
gerous. In the few patients in whom it was measured, little 
or no gentamicin was found in the serum after the ad- 
ministration of 80 mg in divided doses in various areas . 
of the foot. Again, neuropathy commonly makes diabetic 
patients relatively insensitive to the pain of the injection. 
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Fics. 1A-D. Osteomyelitis 
treated successfully twice. 
This patient had three gan- 
grenous toes amputated and 
a femoral-tibial bypass per- 
formed from May-—Decem- 
ber 1982. He then received 
an unsuccessful 3-week 
course of intravenous tobra- 
mycin for osteomyelitis of the 
fifth metatarsal head and cel- 
lulitis of the midfoot. On 
1/14/83 he was referred for 
boot therapy (A). Staphylo- 
coccus aureus was cultured 
from an ulcer under the fifth 
metatarsal head and from 
drainage from other ampu- 
tation sites. The drainage 
from the osteomyelitis was 
sterilized and the ulcers 
healed after 25 injections of 
gentamicin on different days, 
all delivered as an outpatient. 
Doppler arterial sounds were 
restored in his lateral foot. On 
4/08/83 the amputation site 
and planar ulcer had been 
healed and his fifth toe ap- 
peared solid for 1 month (B). 
He returned 7/2/83 with a 1- 
day history of shaking chills, 
nausea, and a red, swollen 
foot. About 60 ml of pus un- 
der pressure gushed from an 
18-gauge needle introduced 
into a tense swelling over the 
fifth metatarsal head. S. au- 
reus (with new antibiotic 
sensitivities), Streptococcus, 
and Bacteroides fragilis were 
cultured. Gentamicin and 
cefazolin were injected into 
the abscess and fifth metatar- 
sal head and disseminated by 
Miniboot therapy. Intrave- 
nous tobramycin was dis- 
contined when antibiotic 
sensitivity studies showed his 
organisms were resistant. By 
day 2 his fever and foot 
swelling were gone. By day 3 
antibiotic solutions could not 
readily be injected into the 
abscess cavity which ap- 
peared to have closed. In all, 
the local injections into his 
foot included five of genta- 
micin, five of cefazolin, and 
one of clindamycin (C). Over 
the next year his fourth and 
fifth toes were dislocated me- 
dially (D). His '-block clau- 
dication improved with the 
therapy and he has had un- 
limited walking capacity for 
more than 2 years. 
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Most of the patients reported were unlikely to have pressure ratios summarized in Table 4 did not accurately 
avoided amputation without the described treatments for reflect the risk of amputation. Indeed, the three leg am- 
the reasons summarized in Table 6. The arm:ankle blood putations were performed in patients who had arm:ankle 
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FIG. 2. Soft tissue infection treated successfully in both feet. The odoriferous 
right foot was scheduled for amputation after 2 months of hospital I.V. 
antibiotic treatment, 3 weeks of foot care in a nursing home, and 4 months 
of twice-weekly outpatient care in the office of his surgeon (top left). Serratia 
marcescens, alpha streptococcus, and Staphylococcus epidermidis were 
obtained from cultures. Three injections of gentamicin and six of tobra- 
mycin were injected into various areas of his ulcer. Over 4 weeks of hospital 
“care and 4 weeks of nursing home care, he received both full-boot and 
Miniboot therapy 2-4 times daily. During the latter, his foot was immersed 
in multielectrolyte solution containing 2% neomycin, penicillin, and van- 
comycin. His right foot healed nicely but he returned with a similar problem 
+_with his left foot (top right). The left foot responded to the same kind of 
treatment (bottom left). Autopsy 2 months later revealed congestive heart 
_ failure, generalized arteriosclerosis with severe narrowing of all coronary 
arteries, 90-95% occlusion of both popliteal arteries, total (left) and 95% 
— “== (right) occluson of the posterior tibial arteries, and lesser occlusions of the 

anterior tibial arteries. He had no slides of thromboembolism in any vessel. In this patient, both legs were salvaged when other treatments failed. 

His cardiac status likely would not have allowed surgery had it been possible. 


ratios of greater than 50%, and two of the patients had been previously published’ and the means whereby local 


ankle blood pressures of greater than 100 mmHg in at 
least one tibial vessel. Gibbons et al. reported similar re- 
sults. They found that segmental pressure measurements 
and pulse volume recordings, which included the forefoot, 
were misleading in many of their amputation cases in 
diabetic patients and emphasized the importance of clin- 
ical judgment in choosing amputation sites.'* 

Although studies such as this in patients with end-stage 
disease may be said to suffer from a lack of internal con- 
trols, the five features listed by Bailar et al.'° are found 
here: 


(1) The investigator should express before the study 
that the treatment will affect disease outcome. Both pa- 
tients and referring physicians were advised before the 
study that the treatments were likely to affect patient out- 
come. 

(2) The data analysis should be planned before the data 
are generated. For this report, pertinent vascular data and 
photographs were obtained both before and after treat- 
ment. 

(3) The investigator should articulate a plausible hy- 
pothesis before the results are observed. The means 
whereby boot therapy benefits peripheral blood flow have 


administration of antibiotics achieves effective local levels 
of antibiotics needed no explanation even for patients who 
accepted it as obvious. 

(4) The study results should be of some interest even 
if “negative” or “opposite” findings are achieved. This 
report would still have been of some interest had negative 
results been found: either boot therapy might have proved 
useless or the local injection of antibiotics ineffective or 
hazardous. 

(5) Lastly, there should be reasonable grounds for gen- 
eralizing the results of the study to a broader group of 
patients. The results of this study extend the limited ob- 
servations of others on the effectiveness of local therapy.'* 
Further experience may justify the recommendation that 
local therapy be used in the care of other tissues and or- 
gans. 


The economic benefits of the described methods might 
be emphasized. Hospitalization was avoided in the nine 
patients who were treated as outpatients. The adminis- 
tration of local antibiotics required the presence of the 
physician but required less antibiotic and no I.V. apparatus, 
no I.V. team, and no serum determinations of antibiotic 
levels. The local approach was faster; sterilization of the 
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ulcers was commonly seen within a few days when con- 
ventional treatment had failed over several days to weeks. 
The avoidance of leg amputation also obviously spared 
the patient and society major expenses. The prolonged 
hospital stays for diabetic patients after major amputations 
have changed little over the years. Cameron et al.'© re- 
ported in 1964 that their patients required 77 postoper- 
ative days after above-the-knee (AK) amputation and 55 
days after BK amputation. Ecker and J acobs!’ found their 
patients required 5.9 postoperative hospital months after 
AK amputation and 6.7 months after BK amputation if 
no further surgery was performed. Hayes and Middleton'® 
reported in 1981 that the mean postoperative stay for their 
diabetic and nondiabetic patients was 65 days. The mean 
+ SD length of hospital stay for my boot patients, who 
were spared amputation at discharge, was 25.3 + 14.0 
days. The length of hospitalization was in part decreased 
by our outpatient program and by transfer of chronic pa- 
tients to a nearby nursing facility that is equippped with 
a compression boot service. For patients who were referred 
from a distance, overall costs would have been further 
reduced if our treatment methods had been available at 
their local hospitals. 

Diabetic patients with nonhealing foot ulcers and pe- 
ripheral ischemia are commonly urged to undergo arterial 
bypass surgery.'”° There are no controlled studies to jus- 
tify such surgery. This report involving patients with ad- 
vanced ischemia not amenable to vascular surgery shows 
that: (1) bypass surgery is not indicated in all such patients; 
(2) osteomyelitis in the foot of a patient with ischemic 
diabetes is not an absolute indication for surgery or am- 
putation; and (3) advanced soft tissue suppuration need 
not spell amputation. Both osteomyelitis and soft tissue 
infections can be successfully treated without any surgical 
interventions, in some cases even in an outpatient setting. 
The techniques described saved legs for which amputa- 
tions had been advised elsewhere. 
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The clinical courses of 347 patients undergoing gallbladder sur- 
geries were monitored to study the epidemiology of postchole- 
cystectomy wound infection in a hospital in which high-risk pa- 
tients received prophylactic antibiotics. Overall, 3.8% of patients 
had wound infections. Patients who had positive bile cultures 
taken during surgery or positive intraoperative wound cultures 
had higher rates of infection than patients with negative cultures. 
However, there was a poor correlation among the bacterial iso- 
lates that were recovered from the bile or the wound surface 
during surgery and from postoperative infections. Antibiotic- 
sensitive enteric bacteria were recovered from bile samples at 
surgery, gram-positive organisms and enteric gram-negative 
bacteria were isolated from intraoperative cultures of the wound 
surface, and antibiotic-resistant gram-negative bacteria or en- 
terococci were recovered from wounds that developed postop- 
erative infections. There was a strong association between the 
prior receipt of prophylactic antibiotics and infections with an- 
tibiotic-resistant bacteria. Data suggest that bactibilia is still an 
important epidemiologic marker that identifies patients at high 
risk for subsequent wound infection. However, in patients who 
have received prophylactic antibiotics, intraoperative cultures 
cannot be relied on to guide the choice of empiric therapeutic 
antibiotics for postoperative infections. Bacteria responsible for 
these infections are not identified by cultures taken at the time 
of surgery and are often resistant to the class of antibiotics used 
for prophylaxis. 


XTENSIVE LITERATURE characterizes the epide- 
miology and risk factors for postoperative wound 
infections after gallbladder surgery.'"'’ These 

studies document a strong association between the pres- 
ence of bacteria in bile cultures taken at surgery and the 
occurrence of subsequent infection. Patients with bacti- 
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bilia have a rate of wound infections that is 3-5 times 
greater than that of patients with negative intraoperative 
bile cultures. In several studies, there has been a strong 
correlation between the species of bacteria cultured during 
operation from bile and after operation from the infected 
wound, !~>82.14-17 Some clinicians use the results of bile 
cultures taken during surgery to guide their choice of em- 
piric therapeutic antibiotics for subsequent wound infec- 
tions. However, most of the studies that had demonstrated 
an association between bactibilia and infection involved 
patients who had not received prophylactic antibiotics. 
Today, prophylactic antibiotics are prescribed for virtually 
all patients who are at risk for bactibilia or infection. 

We hypothesized that the widespread use of prophy- 
lactic antibiotics might alter the association between bac- 
tibilia and infection in patients undergoing cholecystec- 
tomies. In the current study, we reevaluated the epide- 
miology of postcholecystectomy wound infections in a 
hospital where high-risk patients routinely receive pro- 
phylaxis. We found that intraoperative bile or wound cul- 
tures cannot be used to predict the etiologic agent re- 
sponsible for postoperative infections or guide the choice 
of therapeutic antibiotics. 


Methods 


Between January 1982 and August 1984, we prospec- 
tively studied 347 patients undergoing gallbladder surgery 
at a 700-bed, university-afhliated hospital. Eligible patients 
were identified on the day of surgery from the operating 
room schedule. Patients scheduled for cholecystectomies, 
with or without intraoperative cholangiograms, were se- 


650 


“at 


Vol. 204 + No. 6 


lected for study. Patients who underwent surgery in which 
the gastrointestinal tract was entered were excluded from 
the final study population. On the day of surgery, a study 
nurse in the operating room collected epidemiologic in- 
formation that defined risk factors for infection and made 
observations regarding the surgical procedure. This in- 
formation included the patient’s age, sex, history of prior 
biliary tract disease, clinical prognosis,'® and an assess- 
ment of the patient’s preoperative physical status.'? The 
medical record was reviewed to identify patients with fe- 
ver, elevated white blood cell count (WBC), or emergency 
admission to the hospital in the 3 days before surgery. 
The study nurse also noted perioperative and intraoper- 
ative risk factors such as the use of prophylactic antibiotics, 
surgical wound class, use of drains, length of surgery, and 
histopathologic features of the resected gallbladder. 

During surgery, the study nurse collected semiquanti- 
tative cultures of the wound surface at the time of closure. 
A 5.0-u Millipore filter (Millipore Corporation, Bedford, 
MA) was held in contact with the subcutaneous tissues 
for 5 seconds and then immediately cultured on trypticase- 
soy agar with 5% sheep blood.” Intraoperative cultures 
of bile were obtained at the discretion of the primary sur- 
geon. These specimens were collected by the surgeon or 
by an operating room nurse after removal of the gall- 
bladder. Bile cultures were collected on swabs and cultured 
aerobically by standard microbiologic techniques. 

All patients were monitored after operation for the de- 
velopment of wound infections. The wound was consid- 
ered to be infected if pus or purulent exudate was present. 
A study nurse visited each patient three times weekly for 
the duration of hospitalization to check the wound and 
monitor the occurrence of infections, initiation of ther- 
apeutic antibiotics, development of fever, duration of 
postoperative stay, or death. In addition, follow-up forms 
were sent to the attending surgeons to identify wound 
infections that occurred after hospital discharge. Statistical 
significance of differences between proportions was de- 
termined with chi-square statistics and Fisher’s exact test. 


Results 
The Study Population 


The study population comprised 347 patients. Their 
ages ranged from 15-87 years, with a mean of 52 years; 
18% were older than 70 years. Seventy per cent of the 
patients were female. Most patients were relatively 
healthy; only 3% had fatal underlying diseases. The ma- 
jority were in American Society of Anesthesiology (ASA) 
physical status groups 2 or 3. Ten per cent of the popu- 
lation had diabetes mellitus, but less than half of these 
were receiving insulin. Five per cent of patients had jaun- 


+ dice at the time of surgery and 2% had undergone prior 


biliary surgeries. 
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Clinical signs or symptoms suggestive of acute chole- 
cystitis were present in 27% of patients; 10% had been 
admitted through the emergency room in the 3 days before 
surgery, 15% had preoperative WBC in excess of 10,000/ 
mm?, and 5% had temperatures greater than 100.4 F 
within 24 hours of surgery. Acute cholecystitis was diag- 
nosed histologically in 11% of specimens that were re- 
moved at surgery. 

Preoperative antibiotics were administered to 64% of 
patients on the basis of risk factors or acute symptoms; 
virtually all patients who received prophylaxis were treated 
with cephalosporin. Simple cholecystectomies were car- 
ried out on 89% of patients and common duct explora- 
tions were performed on 11%. The average duration of 
surgery was 105 minutes. Eighteen per cent of wounds 
were not drained, 67% were drained through a stab wound, 
and 15% were drained through the incisional wound. 


Microbiologic Findings 


Overall, 13 of the 347 patients (3.8%) had wound in- 
fections. The rate was 1.9% for patients undergoing simple 
cholecystectomies and 18.4% for patients having exami- 
nations of the common duct. Fifteen bacterial isolates 
were recovered from the nine wound infections that were 
cultured: Enterobacter sp. and enterococci in three each; 
Klebsiella sp., Staphylococcus aureus, and other gram- 
positive bacteria in two each; and Pseudomonas aerugi- 
nosa, Citobacter freundii, and Escherichia coli in one each. 
Four wound infections were not cultured. Six of the nine 
infected wounds contained organisms that were resistant 
to the cephalosporin used for prophylaxis. 

Risk factors that predisposed to wound infection in 
these patients were similar to those that have been de- 
scribed by others.'?:°*!> Increased relative risks of infec- 
tion of five times or greater were observed in patients who 
had undergone common duct explorations, had jaundice, 
had bactibilia (Table 1). Patients with bactibilia had a rate 
of postoperative infection that was almost six times that 
of patients with negative intraoperative bile cultures (p 
< 0.05). Bile cultures were positive in five of the nine 
patients who had cultures taken during a surgery and sub- 
sequently had infections. Thus, the sensitivity of bactibilia 
for identifying patients who later had infections was 56%; 
the specificity was 79%. The same species of bacteria were 
recovered from both specimens in only two of the five 
patients who had both bactibilia and infection. 

Bactibilia was identified in 46 of the 245 intraoperative 
bile cultures (19%) that were available from surgery. En- 
teric bacteria predominated, with more than half of the 
isolates being E. coli or Klebsiella sp. Patients who had 
had prior biliary surgery, underwent common duct ex- 
aminations, had fatal underlying diseases, and were older 
than 70 years had an increased rate of bactibilia (Table 
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TABLE 1. Risk Factors for Postcholecystectomy Wound Infection 


Risk Factor Present 
No. of No. of 
Risk Factor Patients Infections % 
Common duct exploration 38 7 18 
Jaundice 18 3 17 
Bactibilia 46 5 lI 


Risk Factor Absent 
No. of No. of 
Patients Infections % Relative Risk* p 
308 6 2 11.4 <.001 
329 10 3 6.4 <.05 
199 4 2 5.9 <05 


* Number of times greater the risk of infection in patients with risk factors present. 


2). Patients who had underlying debilitating diseases or 
were elderly frequently had had prior biliary disease and 
required common duct examinations. We did not observe 
a statistically significant association between acute cho- 
lecystitis, defined by clinical or histologic criteria, and ei- 
ther positive intraoperative bile cultures or postoperative 
infections, A strong association was noted between pos- 
itive bile cultures and positive intraoperative wound cul- 
tures; 12 of 46 wound cultures (26%) were positive when 
bactibilia was present compared with four of 199 (2%) 
when bile cultures were negative (p < 0.001). Coagulase- 
negative staphylococci were recovered from eight of the 
16 positive intraoperative wound cultures, and enteric 
bacteria were recovered from six. The same species of 
bacteria were recovered from both wound and bile cultures 
in only five of the 12 patients for whom both cultures 
were positive. 

Bacteria were recovered from cultures of wound sur- 
faces at surgery in 7% of cases (24 of the 347 cholecys- 
tectomies studied). There was a significant association be- 
tween positive intraoperative wound cultures and subse- 
quent infection; in 16.7% of patients with positive wound 
cultures at surgery postoperative infection developed, 
compared with 2.8% of patients with negative intraoper- 
ative wound cultures (p < .05). However, none of the 
organisms identified in the intraoperative wound cultures 
were recovered from the infections. There was no statis- 
tical association between other clinical risk factors that 
predisposed to infection and positive wound cultures. 

High-risk patients generally received perioperative 
prophylaxis with cephalosporin antibiotics. No significant 


reduction in bactibilia, positive intraoperative wound 
cultures, or infection was noted in patients who received 
prophylaxis compared with those who did not. In fact, 
the rates of bactibilia and postoperative infection were 
higher in patients who had received prophylaxis than those 
who had not (22.2% vs. 10.1%, respectively, for bactibilia 
and 4.4% vs. 2.5%, respectively, for infection). However, 
antibiotics were not prescribed in a randomized fashion, 
and patients who received them were at greatest risk for 
bactibilia and infection. Ten of the 13 patients who had 
postoperative wound infections had received prophylactic 
antibiotics. All six patients who had infections with ceph- 
alosporin-resistant organisms had received prophylaxis; 
of the other four, one was infected with a sensitive organ- 
ism and three did not have their infections cultured. Two 
of the three infected patients who had not received pro- 
phylaxis were infected with sensitive organisms; the other 
patient did not undergo culture. 


Discussion 


Before the introduction and widespread use of prophy- 
lactic antibiotics, wound infection rates after gallbladder 
surgery ranged from 10-20%.'°%!521,2225 Prophylactic 
antibiotics have been effective in preventing postchole- 
cystectomy wound infection in controlled clinical 
trials!*:!7?>?8 and in studies in which high-risk patients 
have been treated selectively? (Fig. 1). When prophy- 
lactic antibiotics are used appropriately, infection rates 
are generally less than 6%. The overall rate of infection 
in the current study was 3.8%. 


TABLE 2. Risk Factors for Bactibilia 
Risk Factor Present Risk Factor Absent 
No. of No. of 
Risk Factor Patients Bactibilia % Patients Bactibilia % Relative Risk* p 
Prior biliary surgery 4 4 100 241 42 17 —- <.005 
Common duct exploration 33 17 a 7. 212 29 14 6.7 <.001 
Death 9 6 67 236 40 17 9.8 <,005 
Age >70 years 45 23 51 200 23 12 8.0 <.001 
Acute cholecystitis 65 17 26 180 29 16 1.8 NS 


NS = not significant. 


* Number of times greater the risk of infection in patients with risk 
factors present. 


* 
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FIG. 1. Impact of prophylactic antibiotics on rate of postoperative wound 
infections in published studies, Each mark represents the results of a 
published study, (*) represents current study. 


Prophylactic antibiotics prevent infections even though 
they do not sterilize bile'®*3.7>’8 (Fig, 2). Rates of bac- 
tibilia are not reduced by prophylactic antibiotics that 
achieve bile levels that exceed the minimum inhibitory 
concentrations of recovered bacteria.?’?* Yet, decreased 
rates of postoperative infection are invariably reported in 
patients who have received prophylaxis even when rates 
of bactibilia are similar in treated patients and untreated 
controls.'*!”3-8 Prophylactic antibiotics that achieve 
good tissue levels but subtherapeutic biliary levels are also 
effective in preventing postcholecystectomy wound infec- 
tions.” When used in the immediate preoperative period, 
prophylactic antibiotics do not select antibiotic-resistant 
organisms in bile. In our study, cephalosporin-sensitive 
E. coli and Klebsiella sp. were the most common organ- 
isms recovered from intraoperative bile cultures. 

In studies in which patients have receive no prophy- 
lactic antibiotics, a very strong association between bac- 
tibilia and infection was observed, !36-8:!4.15.21,22,25,.26 The 
infection rate for patients with positive bile cultures has 
ranged from 20-60% (Fig. 3). However, more recent stud- 
ies involving patients who have received prophylaxis have 
not shown as high a positive predictive value for bile cul- 
tures. Even though bactibilia has remained an important 
epidemiologic predictor of infection, in most studies, in- 
fections develop in only 5-15% of patients with positive 
bile cultures who received prophylaxis. !2-!4-!622.23.27.28 Jy 
the current study, the rate was 11%. 

We had hypothesized that there would be a significant 
association between the recovery of bacteria from the bile 
during surgery, positive intraoperative wound cultures at 
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FIG. 2. Impact of prophylactic antibiotics on the finding of positive in- 


traoperative bile cultures in published studies. Each mark represents the 
results of a published study, (+) represents current study. 


closing, and subsequent infection. Indeed, this was the 
case. However, there was a poor correlation among the 
bacterial species recovered from the three sites. Antibiotic- 
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FIG. 3. Impact of prophylactic antibiotics on rates of postoperative wound 


infection in patients with positive bile cultures. Each mark represents 
the results of a published study, (*) represents current study. 
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sensitive enteric bacteria were isolated from bile, skin flora 
and enteric bacteria were recovered from intaoperative 
wound cultures, and antibiotic-resistant enteric organisms 
were isolated from postoperative wound infections. In our 
study, six of the nine wound infections that were cultured 
contained bacterial species that were resistant to cepha- 
losporins; each of these infections occurred in patients 
who had received prophylaxis with this class of antibiotic. 
In these patients, antibiotic-resistant organisms were iso- 
lated from infected wounds even though they were not 
recovered from intraoperative cultures of bile or the 
wound surface. Disparate results similar to those have 
been reported by others who have attempted to make 
similar correlations in gallbladder surgery or other pro- 
cedures in which pro-phylactic antibiotics had been 
given.! 112773031 Postcholecystectomy wound infections 
with enterococci and P. aeruginosa have been reported 
by others in hospitals in which cephalosporins are used 
routinely for high-risk patients.'* These observations sug- 
gest that neither intraoperative cultures of bile or wound 
surfaces can be used to guide the choice of empiric ther- 
apeutic antibiotics when infection occurs in patients who 
have received prophylaxis. 

The presence of bactibilia continues to be a powerful 
epidemiologic marker to identify patients at high risk for 
postcholecystectomy wound infection. However, in pa- 
tients who have received prophylactic antibiotics, it lacks 
the specificity, sensitivity, and direct clinical correlation 
to be used as the major criterion on which to base the 
choice of empiric therapeutic antibiotics for infection. The 
practice of obtaining routine cultures of bile during surgery 
from patients who have received prophylaxis now appears 
to be unnecessary and, at times, misleading. Bile cultures 
add additonal cost to the patient’s hospital stay without 
providing additional useful information to prevent infec- 
tions or guide the choice of therapy. 
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Since 1978, 252 patients from different centers in the world have 
undergone pylorus-preserving pancreatoduodenectomy. Fifty-five 
per cent of the patients had malignant tumors in the region of 
the head of the pancreas. The overall operative mortality rate 
was 2.8%. Anastomotic leakage and fistulae occurred in 19% of 


the patients. 


biliary, and enteric fistulae represented 


Pancreatic, 
11%, 4%, and 4%, respectively. Peptic ulcers were subsequently 
diagnosed in seven patients (3%), two of whom required vagotomy 
and antrectomy. Delayed récovery of gastric function was the 
most common complication of this operation, with ‘an overall 
incidence of 30%. Although the cause of this gastric dysfunction 
is unknown, its transient nature in most patients makes expectant 
therapy with gastric tube drainage the best remedy when the 
problem is encountered. Pylorus-preserving pancreatoduode- 


nectomy decreased the incidence of postgastric surgery 


sýn- 


droines thaf are comshonly associated with the standard Whipple 
operation. The existing data support the continued use of the 
ap Co the Rees te eters photon ot eal 


tigation of its physiologic impact. ` 


HE ANTRUM AND PYLORUS were structurally pre- 

f served in the first successful radical pancreatodu- 
odenectomies performed by Kausch in 1912! and 

Whipple in 1935.2 However, in both of these operations, 

the duodenum was interrupted and the antropyloric 


mechanism bypassed with a gastroenterostomy. In 1942, 


Watson? reported pancreatoduodenectomy for carcinoma 
of the ampulla of Vater, in which he preserved the antrum, 
pylorus, and 1 inch of duodenum. He performed an end- 
to-end duodenojejunostomy, thus preserving in functional 
continuity the distal stomach, pylorus, and proximal duo- 
denal segment. Watson believed that preservation of an 
intact stomach would facilitate digestion : and thus i improve 


the patient S nutritional status. 
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In 1942, Whipple,’ applying the principle of wide en 
bloc resection of cancer surgery, reported one-stage radical 
pancreatoduodenectomy including resection of the distal 
third of the stomach, the entire duodenum, and the head 
of the pancreas. Gastrointestinal continuity was reestab- 
lished by antecolic gastrojej unostomy. The technique was 
subsequently modified and less extensive gastric resections 
were advocated,° resulting in a high incidence of marginal 
ulceration. High gastric resection with or without truncal 
vagotomy therefore became the norm,®° despite the high 
morbidity rate of a reduced gastric reservoir. This standard 
Whipple operation continues to be the most commonly 
performed procedure for resectable tumors in the head of 
the pancreas. 

In 1978, pancreatoduodenectomy entered the current 
era of pylorus preservation. Traverso and Longmire,’ like 
Watson, reasoned that. preservation of an intact stomach 
would eliminate the complications of a reduced gastric 
reservoir and i improve the nutritional status of patients. 
Furthermore, they believed that this modification of the 
Whipple operation would decrease the postoperative in- 
cidence of jejunal ulceration, perforation, and bile reflux. 

This review reports our initial experience with pylorus- 
preserving pancreatoduodenectomy at Duke University 
Medical Center and assesses the clinical and physiologic 
results of this operation based on a series of patients re- 
ported from other centers around the world. : 


Clinical Series and Indications for Operation 
Duke Medical Center Series 


Between 1983 and 1985, seven patients underwent 
pancreatoduodenectomy with preservation of the pylorus 
and gastric antrum. There were four women and three 





Patient # Age/Sex Clinical Presentation 
l 57/N Lethargy, anemia, melena 
2 56/M Jaundice, anemia, guaiac-positive stools 
3 74M Weight loss, jaundice, anemia 
4 58/F Weight loss, jaundice 
5 P/F Epigastric pain, nausea, vomiting 
6* 50/F Weight loss, jaundice, anemia 
7 60/F Weight loss, jaundice, anemia 





* Patient died 2.5 years after operation. 


men with a median age of 54 years (range: 17-74, Table 
1). Five patients had painless jaundice and weight loss 
and another patient had lethargy, anemia, melena, and 
weight loss. The remaining patient suffered from severe 
abdominal pain. 

The patient with melena and anemia had a leiomyo- 
sarcoma of the second portion of the duodenum (Fig. 1). 
Two of the five patients with jaundice had adenocarci- 
noma of the ampulla of Vater. The other three patients 
had adenocarcinoma of the head of the pancreas. The 
patient with abdominal pain had an endocrinologically 
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Histologic Diagnosis 
Primary leiomyosarcoma of the 2nd portion of the duodenum 
Moderately differentiated adenocarcinoma of the pancreas 
Moderately differentiated adenocarcinoma of the ampulla 
Poorly diflerentiated adenocarcinoma of the pancreas 
Islet cell tumor of the head of the pancreas 
Well differentiated adenocarcinoma of the pancreas 
Well differentiated adenocarcinoma of the ampulla with 

invasion into the pancreatic bed 
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silent islet cell tumor of the head of the pancreas in prox- 
imity to the duodenum (Fig. 2). At exploration, all patients 
had resectable tumors. No patients died during operation, 
and six of the patients are still alive. The first patient to 
be operated on with this procedure died of a recurrence 
of pancreatic carcinoma 2.5 years after operation. 


Collected Cases 


A total of 18& patients who underwent pylorus-pre- 
serving pancreatoduodenectomy have been reported in 
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Fics. [A and B. Leiomyosarcoma of the second portion of the duodenum. (4) Upper GI series showing large mass arising from the medial aspect 
of the second portion of the duodenum. Endoscopy revealed ulceration overlying a mostly submucosal mass. (2) Gross pathology showing the 


ulcerating tumor with extension into the pancreas head (arrows). 
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Fics. 2A and B. Islet cell tumor. (4) CT scan in the region of the head of the pancreas showing a 6-cm mass proximal to the duodenal wail. (8) 


Gross pathology. 


the literature.**"'°> This makes a total of 252 patients, in- 
cluding the Duke patients and the additional patients re- 
ported through written personal communications from 
other centers.'!°*° The overall operative mortality rate was 
2.8% (7 patients). Ninety-seven patients underwent this 
operation for chronic pancreatitis, three for biliary stric- 
ture, and three for benign pancreatic tumors. Thus, 45% 
(113 patients) had benign conditions (Table 2) and 55% 
(139 patients) underwent resection of malignant tumors 
of the ampulla and periampullary region. Pancreatic ma- 
lignancies accounted for 45% (53 of 119 patients), am- 
pullary tumors 33% (39 of 119 patients), bile duct tumors 
15% (18 of 119 patients), and duodenal malignancies 7% 
(8 of 119 patients). There were five cases of islet cell car- 
cinoma of the pancreas, two cases of duodenal leiomyo- 
sarcoma, one common bile duct sarcoma, one metastatic 
hypernephroma, and one patient with a periampullary 
carcinoid tumor (Table 3). 


Indications for Operation 


In their initial report, Traverso and Longmire’ limited 
the application of pylorus-preserving pancreatoduode- 
nectomy to patients with benign diseases of the pancreas 
and carefully selected localized tumors of the duodenum. 
According to Moossa,”! this procedure is not applicable 
to cancer of the head of the pancreas or cancer of the 
lower end of the common bile duct since it may compro- 
mise the only chance of cure. That 55% of the patients 
who have undergone this procedure have had carcinomas, 
including carcinoma of the head of the pancreas and of 


+» the distal common bile duct (Table 3), represents a sig- 


nificant change in thinking among surgeons. 


Two factors have contributed to the growing popularity 
of pylorus preservation: simpler reconstruction than after 
gastrectomy, and the concept that an intact stomach and 
pylorus would protect against postgastrectomy syndromes 
and allow more normal digestion of food. Moreover, the 
presence of the pylorus with its possible role as an anti- 
reflux mechanism may prevent reflux alkaline gastritis 
and the development of gastric ulceration. 

Although quantitative data are not yet available, historic 
data suggest that the use of the less radical procedure may 
not compromise the prognosis of patients. Cubilla et al.,”” 
in a series of 33 pancreatoduodenectomies, found that 
pancreatic duct adenocarcinoma tended to metastasize 
early to multiple lymph nodes (88% of patients) as well 


TABLE 2. Pylerus-Preserving Pancreatoduodenectomy Pathologic 
Diagnoses-—— Benign Conditions 


Pancreatitis 


No. of (with Biliary 
Series Patients Stricture) Neoplasms 

Gall and 

Gebhardt? 3 3 0 
Mosca et al.!° 8 8 0 
Flautner et al. '4 37 37 0 
Braasch et al.'® 30 30 (2) 0 
Warshaw!’ 10 NA NA 
Williamson and 

Cooper’? ll 10 (1) {* 
Baltasar et al.!° l i 0 
Grace and Pitt?’ {2 11 it 
Present report | 0 it 
Total i13 100 (3) 3 


* Insulinoma: Tpancreatic cystadenoma; tislet cell adenoma. 
NA = not available. 
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TABLE 3. Pylorus-Preserving Pancreatoduodenectomy Pathology-—-Malignant Tumors 


No. of 
Series Patients Ampulla 
Watson? l I 
Mosca et al. "° 22 7 
Braasch et al.'© 57 18 
Warshaw!’ 20 NA 
Williamson and Cooper"® 5 3 
Baltasar et al.” 3+ i 
Grace and Pitt” 25 8t 
Present report 6 l 
Total 139 39 


Pancreas Common Duodenum 
(islet Cell) Bile Duct (Leiomyosarcoma) 

0 0 0 

13 2 0 

22 (4) 13* 3 (1) 
NA NA NA 
| 0 | 
0 Í 0 

13D 2 2 
4 0 0 (1) 

53 (5) 18 6 (2) 





* One common bile duct sarcoma; tone hypernephroma metastatic to the head of the pancreas; tone periampullary carcinoid. 


NA = not available. 


as to groups of lymph nodes distant from the head of the 
pancreas (33%). Ampullary adenocarcinoma metastasized 
to fewer nodes and to one adjacent periampullary lymph 
node group in 33% of patients. The authors concluded 
that a standard Whipple operation is at best only palliative 
when used for adenocarcinoma of the head of the pancreas 
since in 33% of patients nodal metastases were probably 
already present in groups of lymph nodes not usually re- 
moved in this operation. The lymph nodes situated along 
the lesser and greater curvature of the stomach did not 
reveal evidence of metastases in any of the 33 pancrea- 
toduodenectomies. Moreover, in a series of 124 patients 
who underwent Whipple operation for ductal carcinoma 
of the head of the pancreas, Edis et al.” found approxi- 
mately half of the patients to have metastatically involved 
lymph nodes. Prognosis in these patients was similar to 
that of those with no lymph node involvement by tumor. 
These findings would make pylorus preservation a rea- 
sonable option, especially if it decreased postoperative 
morbidity rates'> and resulted in comparable long-term 
survival. Initial data from UCLA suggest that survival is 
as good after pylorus preservation as after standard pan- 
creatoduodenectomy or total pancreatectomy without 
pylorus preservation. '° 

Two patients, one from Duke University and the second 
from the Lahey Clinic, underwent pylorus-preserving 
pancreatoduodenectomy for duodenal leiomyosarcoma. 
This condition has been associated with a low incidence 
of lymph node metastases (7%) even in the face of very 
extensive disease.” Pancreatoduodenectomy with pylorus 
preservation in cases of resectable duodenal leiomyosar- 
coma, especially if the tumor is of low Broders’ grade, 
should result in cure rates similar to those of a classic 
Whipple procedure, without the associated postgastrec- 
tomy morbidity rates. Patients with islet cell tumors in 
proximity to or involving the duodenal wall are similarly 
good candidates for the Longmire—-Watson procedure. 


Resectability and Techniques of Reconstruction 
Assessment of Resectability 


Although computerized tomography, visceral arteri- 
ography, and endoscopy, including cholangiopancreatog- 
raphy, have greatly aided preoperative evaluation of pa- 
tients who are potential candidates for pancreatoduode- 
nectomy, intraoperative assessment remains the crucial 
final diagnostic step. Clinical staging is falsely negative in 
up to 20% of patients.” Although laparoscopy improves 
the accuracy of clinical staging of pancreatic cancer, gross 
disease is still overlooked in up to 10% of patients.”° Care- 
ful intraoperative evaluation must therefore be performed 
before radical resection is performed. Intraoperative as- 
sessment of patients undergoing pylorus preservation is 
similar to that described for the standard Whipple oper- 
ation. First, gross distant metastases to the liver, omentum, 
peritoneal surfaces, and periaortic lymph nodes must be 
excluded. Three groups of lymph nodes are then examined 
carefully: (1) nodes along the celiac and gastric arteries; 
(2) nodes in the hepatoduodenal ligament and surround- 
ing the hepatic artery, bile duct, and portal vein; and (3) 
nodes associated with the inferior pancreatoduodenal ar- 
tery, the superior mesenteric vessels, and vessels in the 
region of the ligament of Treitz.*’*? Involvement of the 
celiac axis, the superior mesenteric vessels, or lymph nodes 
in the region of the ligament of Treitz indicates that the 
tumor has spread beyond the limits of resection. Tumor- 
bearing nodes in the hepatoduodenal ligament and distally 
along the gastroduodenal artery may be included in an 
en bloc dissection so that the lesion may still be resectable. 
Wide kocherization and mobilization of the hepatic flex- 
ure of the colon are necessary for evaluation. 

Finally, it is important to ensure that the superior mes- 
enteric and portal veins are free of tumor. The neck of 
the pancreas is carefully elevated off the portal vein to 
demonstrate its freedom from invasion.*® If the lesion is 
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judged resectable, operation may then proceed. The limits 
of resection are identical to those described by Longmire?” 
and Waugh and Giberson”’ for the standard Whipple op- 
eration except for division of the proximal duodenum, 
which is preserved in continuity with the intact pylorus 
(Fig. 3). 

Transection of the duodenum in pylorus-preserving 
pancreatoduodenectomy was done at a site 3—4 cm distal 
to the pylorus by Traverso and Longmire.’ Others have 
transected the duodenum at distances ranging from 1 cm’? 
to 6 cm.!? The site of duodenal transection in our patients 
varied from 1~3 cm distal to the pylorus. 


The Longmire Reconstruction and its Variations 


Two techniques for duodenojejunostomy have been 
used. The first, reported by Traverso and Longmire,’ con- 
sists of an end-to-side anastomosis of the duodenal seg- 
ment to a loop of jejunum passed dorsal to the mesenteric 
vessels, in the bed of the resected duodenum (Fig. 4). In 
this operation, Traverso and Longmire performed a side- 
to-side lateral pancreatojeyjunostomy. Other methods of 
managing the pancreatic remnant include anastomosis of 
the pancreatic duct over a stent that is inserted through 
the side wall of the jejunum”; two-layer, end-to-side pan- 
creatojejunostomy”'; the dunking or intussuscepting pan- 





Fic. 3. Perimeters of resection in pylorus-preserving pancreatoduode- 
nectomy. A—Transection of the proximal duodenum at 1-2 cm distal 
to the pylorus. B—-Transection of the jejunum in the region of the lig- 
ament of Treitz. C--Division of the gastroduodenal artery after it gives 
its first branch. D-—-Transection of the common bile duct. E—Division 
of the right gastroepiploic artery close to its origin. F—Division of the 
_ neck of the pancreas. 
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FIG. 4. Watson’s pylorus-preserving pancreatoduodenectomy. Note end- 
to-end technique of duodenojejunostomy. Watson performed the pro- 
cedure in two stages: Stage 1: Cholecystojejunostomy; Stage 2: Pancrea- 
todyodenectomy with pylorus preservation, antecolic duodenojejunos- 
tomy, and ligation of the pancreatic duct. 


creatojejunostomy; pancreatogastrostomy’*; occlusion of 
the pancreatic duct with solidifying agents®**; and ligation 
of the duct.? Most surgeons reestablish biliary-intestinal 
continuity by end-to-side choledochojejunostomy. Side- 
to-side anastomosis may be preferred in patients in whom 
the common bile duct is of normal caliber, as is often the 
case in the absence of obstructive jaundice. 

The second. type of duodenojejunostomy, first per- 
formed by Watson,’ consists of an end-to-end anastomosis 
(Fig. 5). Watson ligated the pancreatic duct and performed 
a cholecystojejunostomy, distal to the duodenojejunos- 
tomy. End-to-end duodenojejunostomy has been per- 
formed in combination with pancreatic duct occlusion,*” 
pancreatogastrostomy, "4 and D omy with 
Roux-en-Y choledochojejunostomy.? 

The end-to-side duodenojejunostomy may be fashioned 
with an antecolic loop of jejunum after the pancreatic 
remnant and common bile duct have been anastomosed 
in sequence to the proximal jejunal limb passed through 
the bed of the resected duodenum (Fig. 6). The “dunking” 
type of pancreatojejunostomy, in which the end of the 
pancreas is inserted into the open end of the jejunum, is 
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Gastroducdenal artery 
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perhaps the easiest option when the gland is soft and the 
duct normal in size. However, care must be exercised not 
to compromise the duct during placement of the pan- 
creatic sutures. 


Complications 


Among the 252 patients, delayed gastric emptying was 
the most common complication seen after pylorus-pre- 
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Gastroduodenal artery ©” 
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FIG. 6. Pylorus-preserving pancreatoduodenectomy with antecolic end- 
to-side duodenojejunostomy and dunking type pancreatojejunostomy. 
The choledochojejunostomy and the pancreatojejunostomy are per- 
formed to the proximal jejunal limb which is brought through the bed 
of the resected duodenum. Note that the right gastric artery is preserved. 
The supraduodenal artery should be preserved when technically feasible. 
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Fic. 5. Longmire pancrea- 
toduodenectomy. Recon- 
struction with end-to-side 
duodenojejunostomy, end- 
to-side choledochojejunos- 
tomy, and side-to-side lateral 
pancreatojejunostomy. 


serving pancreatoduodenectomy. Seventy-six patients ex- 
perienced persistent postprandial discomfort with nausea 
and vomiting, requiring prolonged gastric tube drainage. 
Warshaw and Torchiana'' found that the mean length of 
gastric tube drainage and the average time to tolerance of 
a general diet after pylorus-preserving pancreatoduode- 
nectomy were almost double those of patients who un- 
derwent a classic Whipple pancreatoduodenectomy. The 
mean duration of hospitalization was increased by 8 days. 
This observation was confirmed in our patients who did 
not tolerate oral fluid until the 12th postoperative day 
and did not accept a regular diet until the 15th day after 
operation (Table 4). One of our patients experienced pro- 
longed problems with nausea, vomiting, and early satiety. 
Watson’s patient? had severe nausea, vomiting, intoler- 
ance of food, and required a feeding jejunostomy on the 
15th day after operation. It is of interest to note that both 
our patient and Watson’s had intra-abdominal abscesses 
that required drainage. In both patients, gastric function 
improved after reoperation. One patient in the Lahey 
Clinic series'* required reoperation due to poor gastric 
emptying. The patient did well after partial gastrectomy. 

Jejunal ulceration at the site of anastomosis was re- 
ported in six patients, 153 two of whom required va- 
gotomy and antrectomy.''!° The remaining four patients 
were treated successfully with H, receptor-blocking agents 
and antacids. All of the patients in the series by Mosca et 
al.'° underwent upper gastrointestinal endoscopy. None 
of these patients showed marginal or jejunal ulceration. 
However, five patients (24%) had moderate inflammation 
of the antral mucosa. 


Mosca et al.'° reported duodenogastric reflux in four . 


of 14 patients who had scintigraphic scanning using tech- 
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TABLE 4, Gastric Function after Pylorus-Preserving Pancreatoduodenectomy—-Duke University Medical Center 1983-85 


No. of Days after Operation 


Gastric 
Drainage Oral Solid 
Patient No. Terminated Fluids Diet 
1 ll li i4 
2 9 11 14 
3 7 8 9 
4* 8 9 1} 
5 8 8 10 
6 5 25 32 
7 10 11 17 
Mean (days) 8. 


Lad 
oe’ 
frown 
~~ NO 
paves 
LA 
Lad 


A = Absent, P = Present. 


netium-99m diethyl HIDA. Duodenogastric reflux was 
severe and persisted in two of these patients. Enterogastric 
reflux was also measured by this technique.in five patients 
and five norinal subjects at the Lahey Clinic. Moderate 
enterogastric reflux was found after ingestion of a liquid 
meal in the group that underwent resection: Reflux indices 
in this group were significantly lower than those reported 
in asymptomatic patients after Billroth II gastrectomy. 

Other major complications, probably Telated ta oper- 
ative technique, included anastomotic leaks and fistulae 
that occurred in 19% of 193 patients reported, S10") 
'7-19,32,54.59 including one patient from the current series. 
Pancreatic fistulae developed i in 22 patients (11%), biliary 
fistulae in 7 patients (4%), and enteric fistulae in 8 
patients (4%), 

Gall and Gebhardt? reported two instances of jejunal 
herniation and strangulation ponent the transverse me- 
socolon. 


Discussion 

None of the patients who experienced delay in gastric 
emptying had gastric outlet obstruction as evidenced by 
barium studies and endoscopy. In addition, the single pa- 
tient who underwent antrectomy for this problem did not 
have a mechanical cause of gastric outlet obstruction. !? 
Anastomotic edema, developing in most patients within 
the first 24 hours after operation,*® usually resolves by the 
fifth day after operation, and could not account for the 
prolonged delay in the recovery of gastric function. War- 
shaw et al.'! reported that gastric motility was abnormally 
reduced in their patients. They suggested that the stomach 
with its antrum and pylorus intact apparently could not 
empty effectively because muscular tone and peristalsis 
were decreased as a result of the operation. _ 

What is known about the regulation of gastric motility 
and emptying? The proximal stomach (fundus and orad 


~ corpus) acts as a reservoir, regulates intragastric pressure, 


` 
x 


and controls gastric emptying of liquids. On the other 


, Presence of Gastric Presence of Gastric 
Discharge Emptying Disorder Emptying Disorder 
Time (Clinical) (Radiological) 

15 P P 
22 A A 
15 A A 
15 P P 
16 P P 
4i P P 
18 P P 

20.3 


* Patient still showing gastric emptying disturbance at 1 year after 
operation. 


hand, distal gastric motility and function are regulated by 
a myogenic electrical pacemaker located along the greater 
curvature in the proximal corpus.?” The electrical activity 
controls the rate, strength, and direction of gastric peri- 
stalsis,>® The electrical pattern of the small bowel is con- 
trolled by a separate’ igi located within the first 
centimeter of the duodenum.” As pacesetter potentials 
(slow waves) spread from these natural pacemaking sites 
to the distal small bowel, they phase the onset and direc- 
tion of contractions in the bowel.” Contractions are pres- 
ent when bursts of action potentials are associated with 
the pacesetter potentials. 

The effect of laparotomy and anesthesia on gastric 
myoelectric activity was studied by Sarna et al.,*’ who 
showed that the pacesetter potentials were highly irregular, 
had an orad direction, and were not associated with action 
potential activity. The pacesetter potentials remained ab- 
normal for the first 7-25 hours after laparotomy,*! and 
motor activity did not resume until at least 24-72 hours 
after operation.*? These changes did not bear any rela- 
tionship to the particular anesthetic agents used.*? Since 
sequential aboral contractions are responsible, at least in 
part, for gastric emptying, the rate of gastric emptying 
would be seriously affected during the period of irregular 
frequencies and absence of contractions. Moreover, 
Dahlgren and Selking“ have shown that postoperative 
motility was altered in patients who underwent pancrea- 
toduodenectomy. Using endoradiosondes, they showed 
that the resting motility of the small intestine was only 
moderately reduced by laparotomy and that enterotomy 
did not inhibit the resting peristalsis of the small intestine. 
However, pancreatoduodenectomy resulted in clear in- 
hibition of peristaltic waves, with some activity returning 
16 hours after operation. These data are consistent with 
the hypothesis that abnormal motility may underlie the 
alterations of gastric function seen after pancreatoduo- 
denectomy in the early postoperative period. 

Mosca et al.'° speculated that a duodenal segment 1- 
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2 cm beyond the pylorus would ensure functioning of the 
pylorus, and that it was not necessary to preserve 3-4 cm 
of duodenum as originally suggested by Traverso and 
Longmire.’ The wide range of duodenal segment lengths 
(1-6 cm) reported did not seem to have an impact on 
gastroduodenal motility and gastric emptying. It is im- 
portant to note that this procedure preserves the natural 
duodenal pacemaker that is located in the proximal 0.5- 
0.6 cm of the duodenum.’ Although it has been docu- 
mented that duodenal transection alters the pattern of the 
small intestinal pacesetter potentials, reducing their fre- 
quency and periodicity distal to the site of transection,” 
it is unknown whether there is any associated alteration 
in gastric emptying. We have recently performed prelim- 
inary studies of the effects of duodenojejunostomy on 
gastric emptying using dogs.*° 

In six dogs that underwent transection of the duodenum 
2 cm distal to the pylorus and anastomosis to an antecolic 
jejunal loop, gastric emptying of both liquids and solids 
was sluggish until the third postoperative day. Thereafter 
duodenojejunostomy had no significant effect on gastric 
emptying during 3 months of follow-up. These observa- 
tions excluded anesthesia, bowel handling, and duode- 
nojejunostomy as causes of prolonged delay in gastric 
emptying and suggested a role for other physiologic or 
complicating factors. 

One such factor is the endocrinologic milieu created 
by duodenectomy and pancreatectomy, whether partial 
or total. Hormones that are primarily found in the duo- 
denum and pancreas with actions on the antrum and py- 
lorus include motilin, which is important in the control 
of motor activity in the stomach?’ and is localized in a 
specific cell mainly found in the duodenum.** Cholecys- 
tokinin (CCK), which is also released from the duodenum, 
increases the frequency of pacesetter potential in the distal 
stomach,” thus enhancing gastric peristalsis. CCK also 
increases pyloric pressure and may thereby retard gastric 
emptying.°° In contrast, both secretin and gastric inhibi- 
tory polypeptide (GIP), which are also found in the duo- 
denum, inhibit distal gastric action potentials and con- 
tractions and likely impair antral trituration and emptying 
of solids.°! Secretin has the same action on the pylorus 
as CCK.*° Glucagon and pancreatic polypeptide are both 
released by pancreatic endocrine cells. Glucagon, like se- 
cretin, inhibits antral motor activity while augmenting 
pyloric pressure.’ Pancreatic polypeptide does not alter 
the gastric emptying rate of a meal.” In humans, en- 
kephalins, in addition to being localized in gastric antral 
mucosa, are found in high concentration in the duodenal 
mucosa,” and endorphins have been reported in the hu- 
man pancreas.” Opiates may play an important role in 
the regulation of normal gut motility, mainly by increasing 
the resting muscular tone of the gastric antrum and smail 
intestine. The physiology of regulation of gastrointestinal 
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motility and emptying after pylorus-preserving pancrea- 
toduodenectomy and other operations will remain an im- 
portant field of study for some time. 

Another factor that might lead to disordered gastroin- 
testinal function after pylorus-preserving pancreatoduo- 
denectomy is insufficiency or damage of the blood supply 
and nerves to the preserved gastroduodenal segments. The 
gastroepiploic artery, with its large ascending pyloric 
branch, should probably be taken close to its origin from 
the gastroduodenal artery. The right gastric artery was 
severed in the Longmire operation but was left intact in 
our patients because of its rich supply to the antrum and 
pylorus (Fig. 6). The first portion of the duodenum is 
supplied by the supraduodenal artery which arises in 50% 
of the cases from the retroduodenal branch, in 25% of the 
cases from the gastroduodenal artery, and is a branch of 
the proper hepatic artery in the remaining cases.” The 
gastroduodenal artery should probably be severed distal 
to its first branch and should be preserved in cases of 
chronic pancreatitis where dissection could proceed by 
taking the pancreaticoduodenal artery at its origin from 
the gastroduodenal artery. Equal attention must also be 
given during the procedure to preserve the innervation to 
the antrum and pylorus. The antropyloric branches of the 
nerves of Latarjet must be preserved, as should the 
branches from the hepatic division of the vagus nerve. 
Compromise of these structures will result in functional 
gastric outlet obstruction and gastric retention.” 

Not surprisingly, there is as yet no consensus on how 
the gastric emptying disturbances occurring in these pa- 
tients should be treated. Watson’ resorted to a feeding 
jejunostomy, whereas Braasch et al.** advocated the 
placement of a gastrostomy tube for decompression. 
Mosca et al.,'° in addition to nasogastric tube drainage, 
administered somatostatin intravenously for the first 72 
hours after operation as an antisecretory drug to allow 
prolonged endoluminal decompression. Warshaw and 
Torchiana!! administered metoclopramide intramuscu- 
larly to several of their patients as an adjunct to nasogastric 
drainage. Questionable benefit seems to result from the 
adjunctive modalities, but gastric decompression appears 
to be the mainstay of therapy for this group of patients. 

The occurrence and severity of duodenogastric reflux 
seem to bear no direct relationship to the length of the 
duodenal segment distal to the pylorus. Indeed, the role 
of the pylorus in preventing reflux remains controversial. 
Fisher and Cohen” postulated that duodenogastric reflux 
is a physiologic event in humans. Muller-Lissner et al. 
found that surgical destruction of the pylorus in dogs by 
pyloroplasty*® or pylorectomy” increases reflux, con- 
firming a role for the pylorus in preventing reflux of duo- 
denal contents into the stomach. Furthermore, some au- 
thors who believe that increased duodenogastric reflux 
causes gastric ulcer postulate that chronic gastritis is the 
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intermediate step in ulcer production. *! Braasch® has 
suggested that the loss of the pylorus by allowing alkaline 
reflux would result in antral stimulation, which would in 
turn cause parietal cell stimulation and, ultimately, in- 
creased gastric secretion of acid. Braasch concluded that 
pyloric preservation may prevent jejunal ulcer formation 
by preventing this possible chain of events. The three pa- 
tients with scintigraphic reflux and gastric inflammation 
on biopsy in the series reported by Mosca et al.!° dem- 
onstrate the need for carefully controlled studies since 
reflux occurs in physiologically normal individuals. 

Of the remaining problems relating to surgical tech- 
nique, the most important are pancreatic fistulae, biliary 
fistulae, and enterocutaneous fistulae, which were reported 
in 11%, 4%, and 4% of the patients, respectively. Some 
patients in whom the pancreatic duct was occluded at 
operation had developed pancreatic fistulae subsequently. 
Although the operative management of the pancreatic 
duct is a major factor in the development of pancreatic 
fistulae after pancreatoduodenectomy, Grace et al.!° 
showed that, provided the pancreatic duct was drained 
into the gastrointestinal tract, the type of anastomosis was 
not the major determinant of the risk of fistula formation. 
In fact, the incidence of pancreatic fistula in their series 
was similar in patients who had mucosa-to-mucosa anas- 
tomosis and those in whom the cut end of the pancreas 
was invaginated into the jejunum. Invagination of the 
pancreatic remnant into the jejunum with a small plastic 
catheter inserted into the pancreatic duct to act as a stent 
seems to be technically less demanding. 

In 1934, Tripodi and Sherwin? sutured the pancreas 
to the stomach in an attempt to prevent the activation of 
trypsinogen induced by the alkaline intestinal milieu and 
thus prevent secondary pancreatitis. Flautner et al.'4 
combined pylorus preservation and pancreatogastrostomy 
in 25 patients, only one of whom had a pancreatic fistula. 
However, an additional patient hemorrhaged from the 
pancreatic remnant. 

Internal herniation of the jejunal loop through the 
mesocolon after retrocolic duodenojejunostomy® makes 
antecolic reconstruction more attractive. 


Conclusion 


Preserving the antrum and pylorus in radical pancrea- 
toduodenectomy maintains gastric volume as weil as the 
mixing function of the stomach, which resides in its antral 
region. The nutritional problems that follow standard 
pancreatoduodenectomy are ameliorated as are postgastric 
surgery problems, including dumping. Survival is not ad- 
versely affected in patients with malignancy. However, 
operative mortality and morbidity rates may be improved 
because reconstruction is easier than after the standard 
Whipple operation. Pancreatojejunal leakage and fistula 
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formation remain the most common problems contrib- 
uting to long-term morbidity after operation. Delay in 
gastric emptying is transient in most patients, and peptic 
ulceration and duodenogastric reflux occur in only a small 
number of patients. These observations have opened a 
new and interesting physiologic debate on the role of the 
preserved antrum and pylorus in these patients. Pylorus 
preservation appears to be the technique of choice at this 
time for gastrointestinal reconstruction after pancreato- 
duodenectomy. 
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Glucose, Fatty Acid, and Urea Kinetics 
in Patients with Severe Pancreatitis 


The Response to Substrate Infusion and Total Parenteral Nutrition 





J. H. F. SHAW, F.R.A.C.S.* R. R. WOLFE, PH.D.t 





Rates of glucose turnover and oxidation in normal volunteers (N 
= 16) and in severely ill patients with pancreatitis (N = 9) were 
isotopically determined. Glucose turnover was determined using 
primed constant infusions of either 6-7H-glucose or 6-d.-ghicose, 
and glucose oxidation with either U-"*C-glucose or U-"C-giucose 
after appropriate priming of the bicarbonate pool. Urea kinetics 
were determined using primed constant infusions of either ('5N,)- 
urea or U-'*C-urea, whereas free fatty acid (FFA) kinetics were 
determined by the constant infusion of 1,2-"C palmitate. Basal 
rates of glucose production and plasma glucose clearance were 
significantly higher in the patients than in the volunteers. During 
glucose infusion (4 mg/kg/min) endogenous glucose production 
was virtually totally suppressed in the volunteers (94 + 4%). 
There was significantly less suppression in the patients, however 
(44 + 1%). In addition, the percentage of available glucose ox- 
idized (i.e., percentage of uptake oxidized) was significantly less 
in the patients than in the volunteers. The basal rate of urea 
production was significantly higher in the patients; however, in 
both patients and volunteers, glucose infusion resulted in a sig- 
nificant decrease. The rate of FFA turnover was similar in the 
patients and volunteers, and the patients and volunteers were 
equally sensitive to the suppressive effects of glucose infusion. 
When the patients were studied during total parenteral nutrition 
(TPN), there was no further suppression of endogenous glucose 
turnover than that seen during 2 hours of glucose infusion, and 
the mean rate of urea turnover measured during TPN (7.0 + 1.9 
pmol/kg/min) was also not significantly different than the value 
determined during glucose infusion (8.9 + 1.8 umol/kg/min). It 
was concluded from these studies that patients with pancreatitis 
(1) are metabolically similar to septic patients, (2) have an im- 
pairment in their ability to oxidize infused glucose when com- 
pared with normal volunteers, (3) have an elevated rate of net 
protein catabolism, and (4) have FFA kinetics similar to those 
seen in normal humans. 
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LUCOSE INFUSION MAY BE BENEFICIAL to the host 
for two major reasons. First, the infused glucose 
may induce a suppression of endogenous glu- 

cose production, thereby sparing gluconeogenesis from 
protein and conserving body reserves.' Second, the infused 
glucose may be directly oxidized for energy.” It is likely 
that glucose infusion either alone or as part of a parenteral 
feeding regimen is beneficial in patients with pancreatitis. 
However, few studies have specifically addressed glucose 
metabolism in patients with pancreatitis. It has been sug- 
gested that pancreatitis patients are metabolically similar 
to seriously septic individuals’; however, this is not an 
established fact. Furthermore, there is debate as to whether 
nutritional support results in either conservation of bodily 
resources or an influence on the clinical outcome of pa- 
tients with pancreatitis.* 

Long et al.° have suggested that in contrast to what is 
seen in normal individuals, glucose infusion does not 
suppress endogenous glucose production in septic patients. 
However, in a previous study we observed that glucose 
infusion in septic patients resulted in some suppression 
of both endogenous glucose turnover and protein break- 
down, but to a more limited extent than in normal vol- 
unteers.° The ability of septic patients to oxidize glucose 
(both endogenous and infused) has also been widely stud- 
ied. Some investigators suggest that the ability of septic 
patients to oxidize glucose is greater than that seen in 
normal individuals,’ whereas others have concluded that 
there is either a decrease® or no change.®” The situation 
regarding the ability of the patient with pancreatitis to 
oxidize glucose is not known. In addition, fat metabolism 
and the response of glucose and protein metabolism in 
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TABLE 1. Clinical Details of Pancreatitis Patients 


Patient 
Number Sex Age Diagnosis Treatment Outcome 
M 37 Pancreatitic fistula (traumatic) Drainage Died 
M 71 Odematous pancreatitis (2 degrees to Resection Died 
penetrating duodenal ulcer) 
3 M 80 Hemorrhagic pancreatitis (gallstones) Conservative Survived 
4 M 60 Hemorrhagic pancreatitis (alcoholism) Conservative Died 
5 M 50 Hemorrhagic pancreatitis (alcoholism) Conservative Survived 
6 M 60 Hemorrhagic pancreatitis (2 degrees Conservative Survived 
perforated duodenal ulcer) 
7 F 50 Hemorrhagic pancreatitis (ideopathic) Drainage Died 
8 F 82 Odematous pancreatitis (ideopathic) Drainage Survived 
9 M 60 Hemorrhagic pancreatitis (alcoholic) Conservative Died 


pancreatitis patients to total parenteral nutrition (TPN) 
has not been determined isotopically. 

Because of the uncertainties concerning these metabolic 
responses in pancreatitis patients, we performed a series 
of studies in an attempt to clarify these problems. We 
determined rates of glucose, fatty acid, and urea turnover 
and glucose oxidation in normal volunteers (N = 16) and 
in pancreatitis patients (N = 9). Studies were performed 
in the basal state, during glucose infusion (4 mg/kg/min), 
and during TPN. 


Patients and Methods 


Studies were performed in 16 normal volunteers and 
in nine patients with acute pancreatitis. All patients were 
hemodynamically stable, and no patients were receiving 
either pressor or ventilatory support at the time of the 
study. When the patients were studied in the basal state 
they were not receiving any glucose intravenously, and 
all patients were at least 12 hours postabsorptive. Four of 
the pancreatitis patients were studied within | week of 
surgical intervention, and the other five patients were 
studied either before operation or they were nonoperative 
patients. The patients studied during TPN had had no 
oral intake for at least 4 days. The volunteers were all 
men and varied in age from 18-37 years. They were con- 
sidered normal on the basis of not having any significant 
medical history and having normal findings on a physical 
examination done at the time of the study. 


TABLE 2. Details of Total Parenteral Nutrition 


Glucose Nitrogen 
Patient Infusion rate Lipid Infusion Intake 
Number Age pmol/kg/min (ml 20% lipid/d) (g/d) 
2 71 22.0 600 16.0 
3 80 27.5 650 17.6 
6 60 20.0 800 16.0 
8 82 22.9 600 16.0 
Mean 23.9+ 1.5 660 + 37.0 16.6+3.9 


The Institutional Review Board at Auckland Hospital 
approved the study. Despite the high mortality rate of the 
group at the time of the study, each patient gave informed 
consent before the study. Radiation safety approval was 
obtained from the National Radiation Laboratory. 

The clinical details of the patients are summarized in 
Table 1. The TPN data are shown in Table 2. The patients 
studied during TPN received approximately 50% of their 
calories as glucose and 50% as fat, with a mean nitrogen 
intake of 17.6 + 2.5 g/d (see Table 2). 


Study Design 


Glucose turnover-oxidation studies. Glucose turnover- 
oxidation studies were performed over a 4-hour period 
and isotopes were infused throughout. During the first 
2 hours (Period I) isotopes alone were infused, and 
throughout Period II (2 hours duration) glucose was also 
infused (at approximately 20 pmol/kg/min). Isotopes were 
infused through one venous line, and plasma samples for 
measurement of isotopic specific activity were collected 
either from an arterial line if one was present, or from a 
separate venous catheter. Frequent plasma samples were 
collected during the last half hour of Period I and again 
during the last half hour of Period II. Oxygen consumption 
(Vo), carbon dioxide production (VCO ), and respiratory 
quotient (RQ) were determined during Period I and Period 
II. In addition, during the last half hour of each period, 
expired air samples were collected in 6-L anesthetic bags 
for determination of '*CO, specific activity. 

Fatty acid turnover studies. Fatty acid turnover studies 
were also performed over a 4-hour period. During Period 
I (2 hours duration) 1,2'*C-palmitic acid was infused at 
0.02 wmol/kg/min (no prime). In Period II the isotopic 
infusion was continued, and either glucose was infused 
(20 pmol/kg/min) or, alternatively, in the “control” pro- 
tocols there was no perturbation. 

Urea turnover studies. In the volunteer group the stable 
isotope (!°N>2)-urea was used to determine urea turnover, 
thereby avoiding any radiation hazard. In the patients 
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urea turnover was determined using '*C-urea. In both 
groups primed constant infusions were used, and the study 
design was similar to that used for the glucose turnover- 
oxidation protocols, except that Period I was extended to 
3 hours to ensure that an isotopic equilibrium was ob- 
tained in the urea pool® (see Table 3). 

TPN studies. The study design used for TPN studies 
was similar to that described above. However, in these 
studies the experiments ended after the completion of Pe- 
riod I since glucose was being infused in Period I. 


Isotopic Infusions 


Glucose turnover-oxidation studies. In all instances, and 
either 6,6d,- or 6°H-glucose and either UPC- or U'C- 
glucose were administered as prime constant infusions 
throughout the study. The isotopic infusion rates were | 
nCi/kg/min for each radioisotope. The infusion rates for 
6,6-d>-glucose and U-'°C-glucose were 0.05 mg/kg/min 
and 0.002 mg/kg/min, respectively. The priming dose: 
infusion ratio was 80:1 for each isotope, and the bicar- 
bonate pool was primed with either 0.18 uCi/kg of 
NaH'4CO; or 0.16 mg/kg of NaH "CO; given over | min- 
ute at the onset of the study. 

Urea and palmitate turnover studies. The infusion rates 
were as follows. U-'*C urea: infusion rate = 0.5 nCi/kg/ 
min, prime = 225 nCi/kg. (!°N>)-urea: infusion rate = 0.03 
meg/kg/min, prime = 13.5 mg/kg. 1,2'°C-palmitate in- 
fusion rate = 0.02 wmol/kg/min. 


Sample Analysis 


Blood samples were immediately chilled and then cen- 
trifuged to separate the plasma. 

Glucose-specific activity. One-milliliter plasma samples 
were used for the determination of glucose-specific radio- 
activity as we have described before.’ 

Plasma glucose enrichment. Determination of '*C-glu- 
cose enrichment was done by means of isclation, com- 
bustion, and analysis by isotope ratio mass spectroscopy 
(IRMS) as described previously.” 

When glucose kinetics were determined by infusing 6,6- 
d>-glucose as the tracer, isolation was similar to that for 
'3C-glucose, but the analysis of the glucose enrichment 
was performed by gas chromatography mass spectrometry 
(GCMS) using a penta-acetate derivative.’ Ions at m/e 
331 and 333 were used in the chemical ionization mode 
for selected ion monitoring using a GCMS system.’ The 
comparison between glucose kinetics calculated by *H- 
and 6,6-d2-labeled glucose and U-?C- versus U-'4C-glu- 
cose has been published previously.*” 

Urea turnover. ‘*C-urea turnover was determined using 
the method of Wolfe.'° After precipitation of proteins, 
samples were diluted 1:4, and after incubation at 40 C 
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TABLE 3. Indirect Calorimetry Data for Volunteers and Patients 








VCO Vo, RQ 

Normal volunteers 

Basal 85+14 126+19 0.77 + 0.02 

Glucose infusion 93+14 125 +20 0.81 + 0.03* 
Pancreatitis patients 

Basal 125 + St 170 6t 0.73 + 0.02 

Glucose infusion 123 + 16 165 + 29 0.71 + 0.02+ 

TPN 13546 isi+4 0.90 + 0.01 





* Significantly different from basal value (p < 0.05). 
+ Significantly different from equivalent volunteer value (p < 0.05). 


with urease for 20 minutes, phenol was added, followed 
by hypochloride solution. After incubation at 70 C for 20 
minutes the samples were cooled and absorption was de- 
termined spectrophotometrically at 650 nm. Urea con- 
centration was then determined using a standard curve. 
A 250-mL sample dissolved in 10 mL of scintillation 
cocktail was then counted for radiation content using a 
beta liquid scintillation counter. From these data urea- 
specific radioactivity was calculated. 

ISN-urea. Urea enrichment was determined by GCMS 
analysis using the N,N'-bis-trimethyl derivative of urea. 
Urea rate of appearance calculated by ('°N)-urea versus 
U-'4C-urea has been published previously.” ° 

1,2-C-palmitate. Palmitate acid enrichment was de- 
termined by GCMS analysis as described previously.’ 
Palmitic acid and total FFA concentration were quanti- 
tated on a gas chromatograph using heptadecanoic acid 
as an internal standard.’ 

Expired air '*CO, specific activity. '*CO specific ac- 
tivity was determined by trapping expired air in a solution 
of hyamine-hydroxide using 0.1% phenolphthalein solu- 
tion as an indicator. The 0.1% phenolphthalein solution 
was mixed with hyamine-hydroxide and absolute alcohol 
in a ratio of 1:5:9. Three-milliliter samples of the solution 
were then used to trap 1.0 mmol of CO;. The vials con- 
taining the trapped CO, were then mixed with 15 mL of 
scintillation cocktail and counted on a beta liquid scin- 
tillation counter.’ 

Expired air ? CO; enrichment. Expired air was collected 
in 6-L anesthesia bags using a three-way valve. The air 
was then bubbled through 0.1N NaOH to trap the CQ). 
The trapped gas was later liberated in an evacuated Rit- 
tenberg tube by the addition of concentrated (85%) phos- 
phoric acid, and the atoms per cent excess (APE) was then 
determined on an isotope ratio mass spectrometer.” 


Indirect Calorimetry 


Indirect calorimetry was performed using a Sybron 
Taylor (UK) oxygen analyzer and an ADC CO, analyzer 
(Hertsfordshire, England). 
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TABLE 4. Rate of Net Protein Catabolism (mg protein/kg/hr) 


Volunteers Pancreatitis Patients 
Basal 60 +6 102 + 19ł 
Glucose infusion 52 + 6* 93 + 18*+ 





* Significantly different from basal value (p < 0.01). 
t Significantly different from volunteer value (p < 0.05), 


Calculations 
Isotopic Calculations 


Glucose rate of appearance (production), urea rate of 
appearance, and glucose oxidation were all calculated us- 
ing standard formulas.’ 

To calculate glucose oxidation, the percentage of re- 
covery of bicarbonate had to be determined.’ We have 
previously shown that in normal volunteers, 75% of in- 
fused carbon is recovered in expired air (K = 0.75).7?!9 

In the patients, we could not assume that the value for 
the percentage of recovery of bicarbonate would be the 
same as for the volunteers. We therefore performed 16 
NaHCO; infusions to determine bicarbonate recovery 
in “stressed humans.” NaH'*CO, was infused at | nCi/ 
kg/min with a priming dose of 80 nCi/kg. 

The recovery of infused NaH'*CO; as '4CO, was higher 
in the patients than in the volunteers, and the percentage 
of recovery was proportioned to the VO. Using a linear 
regression analysis, we determined the mathematical 
expression for this correlation. This equation was used to 
calculate the exact K value for each patient, both in the 
basal state and during glucose infusion (see Results). 


Urea Rate of Appearance 


Radio-urea ('*C). Here, urea rate of appearance was 
calculated according to the Steele equation! !: 


md 
SA 


F = isotopic infusion rate (dpm/kg/min). SA = '*C-urea 
plasma specific activity. 

(’°N2)-urea. Total urea production (Rar) is equal to the 
urea produced from recycled nitrogen (Rap). Rar is cal- 
culated by a slight modification of the Steele equation!!: 


IEE 
Ray ={-——— I] XF 
(ao) 


F is the urea infusion rate (umol/kg/min); '"F is the iso- 
topic enrichment (mole per cent excess, MPE) of (!°N)- 
urea infusate; and B is the enrichment (MPE) of the mo- 
lecular fragment of m — 191 (A + 2) of plasma urea. 

The comparison of the urea turnover calculated by '4C- 
urea versus ('°N>)-urea is described by Wolfe.?:!° 
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Palmitate turnover. Palmitate turnover is calculated by 
the following equation: 


El; 
Palmitate Ra (umol/kg/min) = (E ie 7 xF 


where i and 'p are the isotopic enrichments of the in- 
fusate and plasma (atom per cent excess, APE) respec- 
tively. 

For the calculation of FFA kinetics using 1,2-'°C pal- 
mitate we have assumed that the metabolism of palmitate 
is representative of all fatty acids. Therefore: 


Ra (palmitate) 


Ra oftotal FFA = - 
% palmitate 


where % palmitate = the percentage of the total FFA con- 
centration that is composed of palmitate. We have de- 
scribed this method before. !? 

Net protein catabolism. Net protein catabolism was 
calculated from the urea turnover data as described pre- 
viously.’ 


Statistical Analysis 


The equilibrium turnover and oxidation data obtained 
for each subject during the last half hour of Period I were 
compared with the corresponding value obtained during 
Period H by means of a paired t-test. An analysis of vari- 
ance was used to compare data among the various groups, 
and a linear regression analysis was used to calculate the 
relationship between the VO, and the percentage of re- 
covery of bicarbonate in the expired air. 

Rates of glucose infusion and TPN details. The mean 
rate of glucose infused during Period II was 20.5 + 1.0 
umol/kg/min (3.7 + 0.2 mg/kg/min). The mean rate of 
glucose infusion in Period H was 23.0 + 0.5 pmol/kg/ 
min (not significantly different from the infusion rate in 
volunteers). During TPN the mean glucose infusion rate 
was 27.5 + 2.5 pmol/kg/min (4.95 + 0.4 mg/kg/min). 


Results 


The subjects (volunteers and patients) were not ob- 
viously affected physiologically by the infusion of the iso- 
topic solutions, and the volumes of blood removed for 
sampling approximated the volume of fluid infused. 

The calorimetric data for the volunteers and patients 
are summarized in Table 2. The basal VCO, and VO; val- 
ues were significantly higher in the patients (p < 0.05) 
than in the volunteers. The RQ increased during glucose 
infusion in the volunteer group (p < 0.05) but not in the 
patients (see Table 4). 

In the “control” protocols when isotopes alone were 
infused for the duration of the study, there was no change 
in specific activity (radioisotopes) or in plasma enrichment 
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(stable isotopes) between Periods I and I. These data are 
summarized in Figure 1. Since no changes in isotopic 
abundance occurred between Periods I and II in these 
“control” studies, in the various “test protocols” in which 
the system was perturbed during Period I], we have sta- 
tistically compared the data obtained in Period I with that 
obtained in Period H in the same group. 


Basal Glucose Kinetics and the Response to Glucose In- 
fusion 


The basal values for plasma glucose concentration were 
similar in the patients and volunteers (5.1 + 0.1 and 5.2 
+ 0.2 umol/ml, respectively). After glucose infusion in 
Period II the plasma glucose concentration rose signifi- 
cantly in both groups. The absolute plasma glucose level 
during glucose infusion was higher in the patients, but 
this did not reach statistical significance (Fig. 2). The basal 
rate of glucose production was significantly higher in the 
patients (23.9 + 4.0 versus 13.9 + 0.3 umol/kg/min, re- 
spectively, p < 0.01). When the volunteers were infused 
with glucose in Period H, endogenous glucose production 
was virtually abolished (94 + 4% suppression), but in the 
patients, glucose infusion induced a suppression of only 
45 + 1%—significantly different from the volunteer group 
(p < 0.05) and different from the basal patient value (p 


Mean specific 
radioactivity 
(OPM/umokx 10°) 


Mean enrichment 
MPE 





Hours of infusion 


Fic. 1. Average enrichments (MPE) of five volunteers and five patients 
infused with only tracer doses of isotopes for the entire experimental 
period. (@ —— @) = '°N,-urea (0.59 umol/kg/min); (0 CL) = Ue 
'$C-urea (1 nCi/kg/min); (O —— ©) = 6-d>-glucose (0.044 mg/kg/min); 
(A —— A) = 6-°H-glucose (1 nCi/kg/min). Values are mean + SEM. 
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* HG. 2. Plasma glucose concentration data and glucose kinetics in vol- 


unteers and pancreatitis patients—basal data and the response to glucose 
infusion. Asterisk denotes value significantly different from the equivalent 
basal value (p < 0.01). Dagger denotes value significantly different from 
the equivalent volunteer value (p < 0.05). Values are mean + SEM. 


< 0.01). The rate of glucose clearance from the plasma 
was also significantly higher in the patients (p < 0.01). 
The values were 5.0 + 1 and 2.8 + 0.1 mL/kg/min for 
patients and volunteers, respectively (see Fig. 2). 

In both the basal state and during glucose infusion, the 
rates of glucose oxidation were higher in the patients, al- 
though the differences were not statistically significant 
(Fig. 3). In the basa! state the percentage of available glu- 
cose that was oxidized (i.e., percentage of glucose uptake 
oxidized) was similar for volunteers and patients. How- 
ever, when glucose was infused in Period II the percentage 
of glucose uptake oxidized decreased significantly (p < 
0.05) in the patient group (see Fig. 3). 


Bicarbonate Recovery 


The NaHCO; infusion data showed a positive cor- 
relation between the VO, and the percentage of recovery 
of bicarbonate. From these data an equation to calculate 
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Fic. 3. Glucose oxidation data in volunteers and pancreatitis patients-— 
basal data and the response to glucose infusion. Asterisk denotes value 
significantly different from the equivalent basal value (p < 0.01). Dagger 
denotes value significantly different from the equivalent volunteer value 
{p < 0.05). Values are mean + SEM. 


percentage recovery from the VO, was deduced as follows 
(see Fig. 4): 
K = 61.7 + (0.2 X VO>) 


Basal Urea Kinetics and Response to Glucose Infusion 


The basal urea concentration in the patients was sig- 
nificantly higher than in the volunteers (p < 0.05). When 
glucose was infused, the plasma urea concentration de- 
creased in both groups although this reached statistical 
significance only in the patients (p < 0.05; see Fig. 5). 
The rates of urea production were significantly higher in 
the patients, both in the basal state and during glucose 
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Fic. 4. Percentage recovery of infused NaHCO; as CO). Circles rep- 
resent individual data points. 
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Fic. 5. The effect of TPN on glucose and urea kinetics in pancreatitis 
patients compared with the responses in the basal state and during glucose 
infusion. Asterisk denotes value significantly different to preceding value 
(p < 0.05). 


infusion. However, in both volunteers and patients, glu- 
cose infusion resulted in a significant decrease in urea 
production (p < 0.01 in the volunteers and p < 0.05 in 
the patients see Fig. 5). 

The rate of net protein catabolism in the patients was 
significantly higher than in the volunteers, but glucose 
infusion resulted in a significant decrease in both groups 
(see Table 4). 


Basal Palmitate Kinetics and the Response to Glucose In- 
fusion 


The basal rates of appearance for palmitate and FFA 
in the volunteers were 1.7 + 0.3 and 6.5 + 0.8 wmol/kg/ 
min, respectively. The corresponding values in the patients 
were 1.4 + 0.4 and 4.2 + 1.4 pmol/kg/min, respectively. 
After glucose infusion, the rates of palmitate and FFA 
turnover decreased significantly in both volunteers and 
patients (p < 0.05, see Table 5). When glucose was not , 


ki 


t 
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infused in Period II (control studies), turnover data ob- 
tained in Periods I and II were not significantly different. 


Glucose and Urea Kinetics During TPN 


The effects of TPN on glucose and urea kinetics are 
shown in Figure 5. The effects of TPN beyond those of 
glucose infusion alone were: (1) no further suppression of 
endogenous glucose production, (2) a marked increase in 
the percentage of glucose uptake oxidized with a conse- 
quent increase in glucose oxidation, and (3) no significant 
change in either the plasma urea concentration or the rate 
of urea production. 


Discussion 


The limited suppressibility of endogenous glucose pro- 
duction in pancreatitis patients is in general agreement 
with our previous observations in septic patients.® This 
finding extends the observation of Long et al.° who only 
assessed the response to a low dose (1 mg/kg/min) glucose 
infusion in severely ill patients. Also of interest is the fail- 
ure of TPN to suppress endogenous glucose production 
further than that seen with 2 hours of glucose infusion. 
In the volunteers, glucose infusion alone virtually abol- 
ished endogenous glucose production, a finding we have 
observed previously. 

These data are consistent with the recent observations 
made by Streat and colleagues’? using in vivo neutron 
activation analysis in patients with pancreatitis and sepsis. 
They found that despite the provision of amounts of pro- 
tein and calories adequate to meet metabolic demands, 
severely ill septic patients still lost up to 20 g of nitrogen 
daily. Patients with pancreatitis were generally less severely 
affected, but in these patients also it was difficult to reverse 
the accelerated protein breakdown.'*!* The urea turnover 
data and the net protein catabolism results in the current 
study are consistent with these findings. When the pan- 
creatitis patients were infused with glucose their protein 
losses decreased significantly, but despite this the mean 
rate of net protein catabolism in the patients during glu- 
cose infusion was still much higher than that seen in the 
volunteers in the basal state. On the other hand, although 
the patients with pancreatitis had enhanced rates of pro- 
tein breakdown and limited suppression after substrate 
infusion, those changes are not as impressive as might 
have been predicted when one considers the marked neg- 
ative state of nitrogen balance that has been reported in 
similar groups of severely stressed patients.*!> Therefore, 
it appears likely that patients with pancreatitis also have 
an associated impairment in the capacity for net protein 
synthesis. 

The enhanced rate of glucose clearance seen in the pa- 
tients with pancreatitis, both in the basal state and during 
glucose infusion, is also consistent with the premise that 
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TABLE 5. Free Fatty Acid Kinetics in the Basal State 
and During Glucose Infusion 


Volunteers Pancreatitis Patients 





Glucose Glucose 
Basal Infusion Basal Infusion 
Palmitate rate of 
appearance 
(umol/kg/ 
min) L703 L14072" 14+0.4 0.9+0.3* 
FFA rate of 
appearance 
(umol/kg/ 
min) 6.5+08 3.5+0.7* 4241.4 3.0 + 1.0* 





* Significantly different from basal value (p < 0.05). 


these patients are metabolically and nutritionally similar 
to septic patients. A number of observations by others in 
animals'® and also by ourselves in both septic animals!” 
and septic patients® have established that an enhanced 
rate of plasma glucose clearance is a metabolic charac- 
teristic of sepsis. This in part reflects the metabolism of 
the inflammatory tissue associated with the septic process. 
It may also be due to a systemic effect. 

The significant decrease in the percentage of glucose 
uptake oxidized that was seen in the pancreatitis patients 
during glucose infusion is consistent with the general 
principle that the processes of metabolic regulation are 
rendered less efficient in critical surgical illness.6!2!’ 
However, this decreased capacity of the patients to oxidize 
infused glucose increased greatly during TPN, rising above 
the value seen in normal volunteers during glucose in- 
fusion. The indirect calorimetric data are in general 
agreement with the isotopic data with respect to an im- 
pairment on the part of the pancreatitis patients to oxidize 
infused glucose during the 2 hours of glucose infusion. 
The RQ increased significantly in the volunteers after glu- 
cose infusion (0.77 + 0.02 to 0.81 + 0.03), whereas in the 
patients with pancreatitis the RQ did not change signifi- 
cantly after glucose infusion. The calorimetric data ob- 
tained during TPN, however, are consistent with the fact 
that the patients were oxidizing the infused glucose (RQ 
= 0.90 + 0.02). Thus, patients with pancreatitis are ca- 
pable of adaptation to the glucose infusion. 

It is unlikely that these patients would have been heavily 
reliant on FFA oxidation for energy because their rate of 
FFA turnover was similar to that seen in normal volun- 
teers. In addition, as was seen in the volunteers, there was 
a significant decrease in FFA turnover when the patients 
were infused wth glucose. This presumably would have 
been associated with a decrease in FFA oxidation, as FFA 
use usually parallels FFA availability.'* However, the in- 
direct calorimetric data obtained from the pancreatitis 
patients indicate that the situation concerning total fat 
oxidation in these patients is a complex one. The basal 
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value for nonprotein RQ in the patients (calculated using 
the indirect calorimetry and urea turnover data) was 0.70, 
indicating a heavy reliance on fat. Thus, it is apparent 
that although the patients with pancreatitis did not have 
an increased rate of lipolysis and therefore presumably 
had no increase in FFA oxidation, they were heavily de- 
pendent on fat (presumably intracellular triglycerides) for 
energy.'® 

In summary, it appears that patients with pancreatitis 
are metabolically similar to septic patients.° Although both 
groups of patients are less sensitive to the protein-sparing 
effects of glucose infusion than normal volunteers, 2 hours 
of glucose infusion significantly reduced their elevated rate 
of net protein catabolism. In addition, the patients were 
able to adapt to an increase in glucose availability by 
increasing the percentage of glucose uptake oxidized dur- 
ing TPN. 
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EKG Guided Placement of Subclavian 
CVP Catheters Using J-Wire 





DAVID S. STARR, M.D.* SAM CORNICELLI, B.S.t 


In an attempt to improve the accuracy of central venous pressure 
(CVP) catheter tip location, 84 consecutive cardiac surgery pa- 
tients in sinus rhythm were studied prospectively with respect 
to subclavian insertion of a CVP catheter using a guidewire tech- 
nique. The presence of cardiac arrhythmia was used as an index 
of right atrial (RA) location of the guidewire tip, before threading 
the catheter over the guidewire. Correct catheter tip location 
(superior vena cava [SVC] or RA) was achieved in 100% of pa- 
tients (N = 78) with premature atrial contractions (PACs) related 
to guidewire insertion. This fell to 50% (N = 4) if no arrhythmias 
were noted from the guidewire. Ventricular arrhythmias were 
noted in two of 84 patients (2.4%). Other problems related to 
the use of this technique are discussed. 


ATHETERS PLACED INTO the great intrathoracic 
veins are commonly used to monitor central ve- 
nous pressure (CVP) and to administer fluids. 

Various approaches have been used in the placement of 
these catheters: median cubital vein, cephalic vein, sub- 
clavian vein, and internal and external jugular veins. The 
subclavian vein catheterization, first described by Auban- 
iac,! was popularized by Wilson and colleagues’ for the 
measurement of CVP and by Dudrick and Wilmore? for 
hyperalimentation. 

The common use of subclavian vein catheterization 
inevitably led to reports of complications related to in- 
sertion or the long-term presence of the catheter. Com- 
plications included pneumothorax, hemothorax, hydro- 
thorax, chylothorax, catheter dislodgment, brachial plexus 
injury, perforation of a vessel, infective thrombophlebitis 
-ofa great vein, and fluid administration into the medias- 
tinum or pleural space.** 

More recently, the importance of catheter positioning 
has been emphasized,°’ since improperly positioned cen- 
tral venous catheters will give faulty CVP measurements.’ 


Reprint requests and correspondence: David S. Starr, M.D., Ritter 
Heart Institute, The Toledo Hospital, Toledo, OH 43606. 
Submitted for publication: May 12, 1986. 
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Attempts have been made to improve the accuracy of 
catheter tip placement by measuring atrial electrocardio- 
gram (EKG) potentials at the tip either by electrolyte 
solution™!? or by a wire stylet.'’ However, the presence 
of premature atrial contractions (PACs), although inci- 
dentally noted,'* has not been reported as an index of 
right atrial (RA) position of the guidewire or catheter. In 
this study we reported the results of subclavian vein cath- 
eterization in §4 patients in sinus rhythm before cardiac 
surgery where the presence of PACs or other cardiac ar- 
rhythmias were used to identify the location of the guide- 
wire and the subsequent positioning of the catheter. 


Methods 


A prospective study of 84 patients undergoing subcla- 
vian vein catheterization for CVP monitoring, fluid ad- 
ministration, and administration of vasoactive drugs dur- 
ing cardiac surgery was designed. Eighty-four consecutive 
cases of patients in sinus rhythm between June 1984 and 
January 1985 were studied. The location, number, and 
duration of attempted subclavian catheter insertions was 
recorded for each patient. The presence or absence of 
pneumothorax, mediastinal hematoma, and catheter tip 
placement was confirmed after median sternotomy. 
Catheter tip placement was finally judged by postoperative 
chest x-ray. The catheter was considered appropriately 
positioned if the tip was located in the superior vena cava 
(SVC) or right atrium. The catheter was considered in- 
correctly positioned if its tip was curled on itself. 


Technique of Insertion 


A subclavian catheterization kit (Arrow Medical Prod- 
ucts, Santa Ana, CA) was used. The patient was prepared, 


673 





674 
TABLE |. Complications in Subciavian Catheter Placement, N = 84 
No. of 

Complications Patients % 
Subclavian artery puncture 3 3.6 
Pneumothorax 2 2.4 
Skin hematoma 5 6.0 
Ventricular arrhythmia 2 ž.4 
Persistent skin bleeding 2 2.4 


draped, and placed in a 15-degree Trendelenburg position, 
and an 18-g thin wall needle was placed in the subclavian 
vein by an infraclavicular approach. A J-tipped guidewire 
was then threaded down the needle and the EKG observed 
until a premature beat indicated the RA location of the 
guidewire tip. The needle was then slid back along the 
guidewire and removed, the skin hole dilated, and a single- 
or triple-lumen central venous catheter advanced down 
the guidewire. If no arrhythmias were noted, the wire was 
withdrawn and reinserted with the J-tip facing the opposite 
direction. This was repeated up to five times until PACs 
or other arrhythmias were noted. The guidewire was then 
removed and the catheter secured. 


Results 


In the 84 patients studied, 103 needle punctures were 
made, and in five patients (6.0%) the right infraclavicular 
approach was abandoned and insertion made on the other 
side. In three patients (3.6%), the infraclavicular approach 
was abandoned and either a supraclavicular approach (two 
patients, 2.4%) or an internal jugular approach (one pa- 
tient, 1.2%) was performed. The average time from the 
first needle stick to connection of the catheter was 5.3 
+ 3.1 minutes. 


TABLE 2. EKG Changes and Catheter Placement, N = 84 


Correct Placement 


EKG Changes (RA or SVC) 
Ni(% = 100 N/N) N% = 100 N2/N,) 
PACs 
On first attempt 64 (76%) 64 (100%) 
On second attempt 10 (12%) FO (100%) 
On third or more | 
attempts 4 (5%) 4 (100%) 
No arrhythmia 4* (5%) 2 (50%) 
Ventricular arrhythmia 2 (2%) 2 (100%) 


* 2 patients with catheter placement in SVC or RA, | patient with 
catheter placement in internal jugular vein, and patient with catheter 
placement in innominate vein. 


STARR AND CORNICELLI 


Ann. Surg. « December 1986 
Complications 


Complications in subclavian catheter placement are 
outlined in Table 1, The 18-g needle entered the subcla- 
vian artery in three patients (3.6%), entered the lung with 
resultant pneumothorax in two patients (2.4%), and 
caused a skin hematoma in five patients (6.0%). There 
was persistent skin bleeding in two patients (2.4%) after 
catheter insertion, requiring a skin stitch to stop it. One 
patient (1.2%) had an episode of eight consecutive pre- 
mature ventricular contractions (PVCs) (8-beat ventric- 
ular tachycardia), which stopped immediately when the 
guidewire was pulled back from the right ventricle, where 
it had presumably lodged. 


Placement Using EKG Monitoring 


For the purpose of the study the eventual site of venous 
puncture was disregarded in assessing the success or failure 
of prospectively identifying RA or SVC placement of the 
catheter using guidewire-induced PACs or other arrhyth- 
mias (Table 2). Of the 80 patients who had PACs or other 
arrhythmias related to guidewire insertion, all had correct 
catheter placement (SVC or RA). Of the 84 patients stud- 
ied, 72 (86%) had SVC placement and 8 (9.5%) had RA 
placement. However, in four other patients (4.8%), three 
or more introductions of the guidewire were necessary to 
obtain the PACs indicating correct placement. In two 
other patients, one had isolated PVCs, but the other had 
eight consecutive PVCs before the guidewire was with- 
drawn. This was due to the operator’s inattention, and 
the guidewire should have been pulled back earlier. Four 
other patients had no cardiac arrhythmia despite five at- 
tempts to induce PACs. The catheter, however, was still 
placed along the guidewire, but was incorrectly placed in 
two patients and correctly placed in the other two patients. 
In summary, 78 of the 84 patients (93%) had PACs after 
guidewire insertion and correct catheter placement. An- 
other six patients (7.2%) had ventricular arrhythmias or 
no arrhythmias at all from the guidewire; of these patients, 
four had correct catheter placement. 


Discussion 
Placement 


Concern for correct placement of the central venous 
catheter tip in the right atrium or SVC has prompted the 
use of EKG monitoring of the tip, using either electrolyte 
solution”’® or wire stylet'! as the exploring EKG probe. 
This is a legitimate concern, since an improperly posi- 
tioned central venous catheter will, among other prob- 


~N 


“a 


Vol. 204+ No. 6 


lems, give faulty measurement of CVP. Langston® and 
Thomas”? showed a significant difference between CVP 
measurements obtained in the internal jugular vein and 
those obtained with the catheter tip within the thorax. 
Such an aberrant location of the catheter may not be sus- 
pected clinically, and the inaccurate pressure readings may 
lead to errors in clinical judgment. In one such case, 
Krausz et al.'* found that falsely elevated CVP readings 
due to a catheter tip located in an enlarged hemiazygos 
vein resulted in inadequate fluid replacement. 


EKG Changes 


Our study shows that occurrence of PACs or other car- 
diac arrhythmias during guidewire placement is a reliable 
guide to correct subsequent placement of the CVP cath- 
eter. However, there are several potential problems with 
the use of this technique. In those patients where no EKG 
changes were noted, the occurrence of correct catheter 
placement is significantly lower, about 50% (two of four 
patients). Although lack of such extrasystoles was an un- 
common event in our series, it was associated with a sig- 
nificantly lower incidence of correct catheter placement, 
thereby being a source for concern. Our suggested tech- 
niques for dealing with this situation are to withdraw the 
guidewire and place a “curve” on it before reinserting, to 
use a guidewire with a wider J-tip, or to attempt veni- 
puncture at another site. These maneuvers should result 
in a different angle of the guidewire in the right atrium, 
which would presumably then excite PACs and confirm 
the RA position of the guidewire tip. 


Serious Arrhythmias 


Perhaps of greater concern was the presence of a ven- 
tricular arrhythmia during guidewire insertion. Although 
the presence of PVCs and even runs of ventricular tachy- 
cardia are common during insertion of Swan-Ganz cath- 
eters, transvenous pacemaker leads, and pulmonary an- 
giography catheters! (and are usually regarded as benign), 
the potential for fatal arrhythmias in what should be a 
procedure of low mortality definitely exists. However, pa- 
tients occasionally sustain episodes of ventricular ectopy 
even with other methods of catheter insertion.'? This is 
an intrinsic risk of the guidewire method, but also may 
occur with other methods of CVP catheter placement. 


RAP 


Another question raised by the study is whether the 
right atrium is an appropriate location for the catheter 
tip. Our study used SVC and RA locations as correct sites 
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of placement. Although there is general agreement in the 
literature that both the SVC and RA lcvations for the 
catheter tip give accurate reflections of CVP values, there 
is some concern as to the safety of RA location. Although 
some authors®:”'®!’ believed that RA location could lead 
to occasional arrhythmia or even cardiac perforation, most 
authors either did not distinguish between the RA and 
SVC locations*'°'*!8 or believed that either location was 
acceptable.'*!??° We believe that RA complications are 
related to the use of stiff polyethylene catheters!6 172127 
and that modern soft catheters are safe to use in the RA 
location. The soft catheters, however, must be introduced 
over a guidewire or by flow-directed balloons, as with 
Swan-Ganz catheters. 


Postplacement Chest X-ray 


Despite the high incidence of correct catheter tip place- 
ment in this study, we routinely used and recommend 
postplacement chest x-ray. Other authors have com- 
mented on the role of the chest x-ray in detecting aberrant 
location or complications of initial placement.?*!2-!47° 
Although the incidence of pneumothorax and catheter 
displacement was low in our series, the potential dangers 
of these generally mandate the use of postplacement chest 
x-ray. However, since the majority of follow-up films are 
portable supine types, small pneumothoraces or small 
hemothoraces are easily missed.’ Although the question 
was raised only once in the literature,’ it is reasonable to 
discuss the timing of the postplacement film. A slow air 
leak or bleeding may take time to develop detectable pro- 
portions, whereas massive hemothorax or pneumothorax 
was not encountered in our series. One seeks a balance 
between an immediate film that will detect misplacement 
but may miss some complications, and a delayed film 
that may allow a complication to progress too far. Our 
experience with nonoperative patients indicates that a 
chest film taken 1-2 hours after placement is optimum. 
Conces, a radiologist, and Holden in their consideration 
of this issue, recommended films on an ‘as soon as pos- 
sible” basis rather than ‘“‘stat.”’ However, a “stat” ex- 
amination would, of course, be necessary with a change 
in the patient’s clinical condition, a lack of reflux from 
the catheter, or other indication of complication or cath- 
eter tip misplacement. 
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As patients with cystic fibrosis live longer, spontaneous pneu- 
mothoraces are seen with increasing frequency. Severe underlying 
pulmonary disease in these patients makes them particularly 
susceptible to life-threatening respiratory distress. Several mo- 
dalities, including chemical sclerosis and open thoracotomy with 
pleurectomy, have been used to treat pneumothoraces in these 
patients. In the past 4 years, pneumothoraces in five patients 
(ages 9-22 years) with cystic fibrosis have been treated with 
thoracoscopy and talc poudrage. All procedures were performed 
under either regional or general anesthesia, depending on the 
age of the patient. Thoracoscopy was performed with a rod lens 
system and a 5.5-mm trocar, using biopsy forceps to lyse pleural 
adhesions, all of which ensures access to the entire pleural sur- 
face. United States Pharmacopeia-certified talc was insufflated 
to cover the entire pleural surface. There were no complications, 
and the patients had minimal pleural pain. Follow-up ranged 
from 6 months to 4 years. No patient has had a recurrent pneu- 
mothorax on the treated side. Thoracoscopy with talc poudrage 
is a preferable alternative to chemical sclerosis or thoracotomy 
for treating pneumothoraces in patients with cystic fibrosis. The 
procedure may be performed under regional anesthesia and allows 
rapid and complete sclerosis of the pleural cavity. 


YSTIC FIBROSIS is the most commonly fatal, in- 
herited disease of whites.'” Persons with this dis- 
order are living longer because of significant ad- 

vances in supportive care.** Pneumothoraces are quite 
common in the more advanced stages of this disease and 
may cause severe respiratory compromise due to the un- 
derlying pulmonary disease.” These older patients, who 
are the most prone to recurrent pneumothoraces, are in- 
creasingly likely to be cared for by adult, rather than pe- 
diatric, medical and surgical services.’ There is a consensus 
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that treatment of pneumothoraces with tube thoracostomy 
alone has an unacceptably high recurrence rate in these 
patients who already have significantly compromised 
pulmonary function, and that some additional measure 
is necessary to prevent recurrence.*>*"'° Talc poudrage 
has been used to prevent recurrences in normal patients 
with spontaneous pneumothorax.''-'* This report de- 
scribes our experience with thoracoscopy and talc pou- 
drage as the definitive treatment of spontaneous pneu- 
mothorax in patients with cystic fibrosis. 


Patients and Methods 


Five patients with cystic fibrosis who had spontaneous 
pneumothoraces from 1982-1985 were treated with tho- 
racoscopy and talc poudrage. The patients ranged in age 
from 9-22 years, the mean age being 16.5 years. All pa- 
tients had chest pain with the onset of the pneumothorax, 
and three had severe respiratory distress. 

After the diagnosis of pneumothorax was confirmed, 
all patients were operated on. In four of the five patients, 
chest tubes were not placed before thoracoscopy. In one 
case, a tension pneumothorax required emergency chest 
tube placement. The younger patients were anesthetized 
with general endotracheal anesthesia, whereas the older 
patients were given intravenous sedatives and intercostal 
nerve blocks. The technique used for thoracoscopy has 
been described in detail elsewhere.!© A 5.5-mm trocar 
served as the introducer for the Storz rod lens telescope 
(Karl Storz Endoscopy~America, Inc., Culver City, CA). 
A second trocar was inserted in the same intercostal space, 
about 5 cm from the first trocar, and served as the intro- 
ducer for instruments, including suction catheters and 





678 TRIBBLE, SELDEN, AND RODGERS Ann. Surg. + December 1986 
TABLE 1. foilow-up of Patients Treated with Tale Poudrage 
Age at Time Previous Recurrence on Recurrence on 
Patient of Treatment Pneumothoraces Anesthesia Follow-up Treated Side Contralateral Side Alive 
I 22 No Ketamine 7 mos No Yes Yes 
2 14 Yes Valium®* 3 yrs No No No 
intercostal 
blocks 
3 20 Yes IV ketamine, 4 yrs No Yes Yes 
stellate 
ganglion 
block and 
intercostal 
block 
4 9 No General 6 mos No No Yes 
endotracheal 
anesthesia 
5 17 No General 10 mos No No Yes 
endotracheal 
anesthesia 
* Roche Products Inc., Manati, Puerto Rico. 
the talc insufflation cannula. The thoracoscope was used Discussion 


to examine the lung and pleural space for abnormalities, 
and all adhesions were completely lysed so that the entire 
visceral pleural surface could be coated with the talc. At- 
tempts were made to avoid excessive manipulation of the 
diseased lung. Dry USP pure talc was then insufflated 
onto the pleural surfaces. The thoracoscope was used to 
ensure uniform, complete coverage of both visceral and 
parietal pleural surfaces with a thin coating of talc (ap- 
proximately 2 g). At the completion of the procedure, one 
of the trocars was removed and a chest tube was positioned 
through the trocar site under thoracoscopic guidance. If 
not already performed, intercostal nerve blocks were 
placed two interspaces above and below and in the inter- 
space containing the chest tube. The patients were taken 
to the recovery room until their conditions were stable 
and then were moved to their rooms. No patient required 
admission to the intensive care unit. 


Results 


All patients tolerated the procedure well, and there were 
no complications. There have been no recurrent pneu- 
mothoraces on the treated side in any patients (Table 1). 
The follow-up period ranged from 6 months to 4 years. 
Since treatment, two patients have had at least one re- 
currence on the contralateral side. The recurrence in one 
patient was not serious and was treated conservatively. 
In the other patient, a physician unfamiliar with the tech- 
nique of talc poudrage treated the recurrence with tube 
thoracostomy. Four of the five patients are still alive. One 
patient died of the infectious complications of cystic fi- 
brosis. 


Cystic fibrosis is a generalized disorder of exocrine gland 
function that results in abnormal mucus production. It 
is the most commonly fatal, inherited disease of whites, 
with 5% of whites and 2% of American blacks being car- 
riers.'” Chronic progressive pulmonary disease is the 
hallmark of this disorder, which is also characterized by 
pancreatic insufficiency and an abnormally elevated con- 
centration of chloride in perspiration. The pulmonary 
disease includes recurrent pneumonia, obstructive airway 
disease and, in its more advanced stages, hemoptysis and 
recurrent pneumothorax.” Before antibiotics were avail- 
able to treat pneumonia, patients generally did not live 
more than 5 years after the onset of symptoms.’ As general 
supportive therapy has steadily improved, more of these 
patients are living to adulthood.' In a recent series of pa- 
tients who did not have meconium ileus at birth, one 
third lived to be more than 30 years of age.'’ Spontaneous 
pneumothoraces occur with increasing frequency in the 
later stages of this disease. In older patients the incidence 
of pneumothorax is reported to be 12-20%.'* That this 
complication is not innocuous in these patients is evident 
from one series that reported a 15% mortality rate.’ 

The ideal treatment of spontaneous pneumothorax in 
patients with cystic fibrosis should relieve the pneumo- 
thorax, should not further compromise the respiratory 
function in these patients who already have minimal pul- 
monary reserve, and should reliably prevent recurrence. 
Treatment with tube thoracostomy alone has an unac- 
ceptably high recurrence rate of about 50%.'*>*-' Other 
treatments include pleurodesis with a variety of sclerosing 
agents, open thoracotomy with pleurectomy, and bleb re- 
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section. Thoracotomy with pleural abrasion or pleurec- 
tomy is effective but is associated with significant mor- 
bidity and even mortality.''° A wide variety of chemical 
sclerosing agents has been introduced into the pleural 
space to achieve pleural symphysis, including olive oil,'® 
tetracycline, silver nitrate, and quinacrine.”° Of these 
agents, quinacrine has the lowest recurrence rate, about 
12.5%. However, quinacrine is difficult to obtain in a 
parenteral form.'?° Pleural symphysis with sclerosing 
agents results in better maintenance of the patients’ pul- 
monary function,'''* as opposed to pleurectomy. No 
sclerosing agent has had a lower recurrence rate than that 
reported for talc. These excellent results have been ob- 
tained both experimentally'! and in other clinical se- 
ries.'?:!3:!5 In one series of 104 patients with spontaneous 
pneumothorax treated with talc poudrage performed un- 
der thoracoscopic guidance, there was only a 7.7% recur- 
rence rate.'? Our experience confirms these reported re- 
sults and specifically supports the use of talc poudrage in 
patients with cystic fibrosis. 

Talc was once commonly used for pleurodesis in this 
country but fell out of favor in the 1950s, as open tho- 
racotomy was advocated and pleural irritants condemned 
as dangerous.”! There was also concern about contami- 
nation of the talc with asbestos, which is known to be 
carcinogenic.'* Despite the fact that USP-certified pure 
talc, free of contamination with asbestos, 1s now widely 
available, enthusiasm for its use has not been widespread 
in the United States.?*-*> The advantages of talc include 
its safety in its pure form'* and its excellent sclerosing 
capacity.''!”° Application of talc through the thoracoscope 
has several features that make this technique more reliable 
than the techniques of the simple instillation of sclerosing 
agents. First, the use of the thoracoscope allows the op- 
erator to lyse localized adhesions to ensure access of the 
sclerosing agent to the entire pleural cavity. Second, the 
ability to apply the talc under direct vision ensures that 
there is complete coverage of all pleural surfaces by the 
adherent powder and maximizes the probability of ob- 
taining a complete pleural sclerosis. Third, the use of 
thoracoscopy to aid in the talc insufflation is scarcely more 
invasive than the placement of the chest tube itself.'©*’ 
In older patients, this procedure was performed with re- 
gional anesthesia without discomfort. In younger patients 
we used general anesthesia. Finally, avoiding the use of a 
thoracotomy minimizes the postoperative discomfort in 
patients, and none of our patients had compromise of 
pulmonary function after thoracoscopy. Thoracoscopy 
with talc poudrage is also used to treat other pleural con- 
ditions, such as recurrent malignant pleural effusions and 
spontaneous pneumothoraces,”* in otherwise healthy in- 
dividuals. 
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In patients with cystic fibrosis and pneumothorax, sup- 
portive therapy is necessary in addition to treatment of 
the pneumothorax. Although these pneumothoraces are 
rarely complicated by infection in the pleural space,>° 
they are often preceded by an associated exacerbation of 
the underlying chronic parenchymal infection that re- 
quires antibiotic therapy and aggressive pulmonary toilet. 
An interesting ancillary issue is that airplane and heli- 
copter transport are probably contraindicated in these pa- 
tients, since lower ambient pressures increase the likeli- 
hood of spontaneous pneumothorax? and can exacerbate 
a pre-existing pneumothorax. This issue arose in two of 
our patients who were transported via helicopter. One 
patient was transported with a tension pneumothorax and 
almost did not survive the flight. 

In summary, as patients with cystic fibrosis live longer, 
they are increasingly susceptible to spontaneous pneu- 
mothoraces, which are extremely likely to recur without 
effective pleural symphysis. Talc poudrage under thora- 
coscopic guidance is a safe, easily tolerated, effective 
method of achieving pleural symphysis in these patients 
with minimal pulmonary reserve. We have experienced 
no complications and have had no recurrence of pneu- 
mothorax on the treated side in five patients treated with 
talc poudrage. 
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O a a a entities ttt te 


Blood transfusions have been reported over the last 2 decades 
to decease allograft rejection, to increase the rate of tumor 
growth, and to increase susceptibility to infectious complications. 
The effect of transfusions on macrophages, specifically on their 
regulation of lymphocyte proliferation, was investigated. Both 
macrophages and their supernatants obtained from transfused 
rats impaired lymphocyte blastogenesis to a greater degree than 
those from nontransfused rats. This effect was greatest when 
the lymphocytes were subjected to mitogen stimulation. The im- 
munosuppression was seen with macrophages from both allo- 
geneically and syngeneically transfused rats. Blood transfusions 
exert their immunosuppressive effect at least in part by increasing 
macrophage suppression of lymphocyte response to stimuli. 


EFORE THE 1970s blood transfusions were to a large 
extent immunostimulatory. The basis for this 
concept came primarily from two observations. 

First, transfusions of incompatible red blood cells generate 
a strong immunologic transfusion reaction,' and second, 
the injection of leukocytes from a specific donor resulted 
in immunization of the recipient that caused a more rapid 
and vigorous rejection of skin grafts taken from the same 
donor.” 

Medawar’s reports,” in particular, led pioneering 
transplant surgeons to avoid transfusions in patients who 
were awaiting organ transplantation. However, several 
different investigators in the early 1970s reported that 
pretransplant transfusions actually decreased the rate of 
immunologic rejection of the transplanted organs.” By 
1985, more than 68 studies documented that pretransplant 
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transfusions decrease the rate of rejection of solid organ 
transplants.® 

In the last 5 years the effects of transfusions on the rate 
of tumor growth in patients with cancer have been studied. 
There have been 13 retrospective studies on the effect of 
perioperative transfusions on the rate of cancer recurrence 
and on long-term survival”?! These reports dealt with 
cancer of the colon, lung, and breast, and sarcomas. In 
nine of these 13 reports, there was a higher incidence of 
tumor recurrence and a shorter long-term survival rate 
among those patients who received perioperative trans- 
fusions.” !>}5-182! The four remaining studies did not 
demonstrate any significant differences between transfused 
and nontransfused patients.!?!4!?° 

We have previously reported that transfusions with al- 
logeneic blood in rats diminish cell-mediated immunity 
as measured by contact sensitization to the hapten dini- 
trofluorobenzene.2? With the same rat model, allogeneic 
blood transfusions increased the mortality rates in burned 
rats challenged with Pseudomonas aeruginosa 1244.” 
This effect was not seen when transfusions with syngeneic 
blood were used. 

More recently we have reported that transfusions with 
allogeneic blood, but not syngeneic blood, increase mac- 
rophage production of the arachidonic acid metabolites 
prostaglandin E, thromboxane, and prostacyclin. The 
transfusions did not alter macrophage production of leu- 
kotriene B or C.74?° Since prostaglandin E is a known 
immunosuppressive metabolite, 7 the effect of the 
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transfusions on macrophage-lymphocyte interactions was 
studied. 


Materials and Methods 
Animals 


Adult male Lewis rats weighing 200-250 g were used 
as transfusion recipients. Adult male A’Sogaloff Cancer 
Institute (ACI) rats and additional male Lewis rats were 
used as blood donors. All rats were kept in stainless steel 
hanging cages with three rats per cage, and were observed 
for 2 weeks before the study to exclude the presence of 
underlying diseases. The animals were given food and 
water ad libitum throughout the experiment. 


Blood Transfusions 


Blood was obtained from donor animals by cardiac 
puncture and was mixed with standard citrate~phosphate— 
dextrose anticoagulant solution at a 4:1 volume ratio. The 
blood was stored for 24 hours at 4 C before infusion. Ten 
Lewis rats received a 1-mL transfusion with ACI blood, 
ten were transfused with | mL of blood from Lewis rats, 
and ten were transfused with 3 mL of lactated Ringer’s 
solution. A threefold increase in the volume of crystalloid 
was made to closely approximate the intravascular volume 
change achieved with a 1-mL blood transfusion. This se- 
quence of three groups of transfusion recipients was per- 
formed for each of the three phases of this study. 


Macrophage Harvesting 


Four days after transfusion the peritoneal cavity of each 
animal was infused with 3 mL of sterile brain—heart in- 
fusate. Four days later the animals were killed by cardiac 
air embolism. Their peritoneal cavities were lavaged with 
Hanks balanced salt solution (HBSS) without Mg** or 
Ca** and with 5mm ethylenediamine tetra-acetic acid 
(EDTA). The cell suspensions were hypotonically lysed 
of contaminating red blood cells and washed three times 
with HBSS with Mg** and Ca** and without EDTA to 
remove the red cell fragments. The number of macro- 
phages in each suspension was determined and each cell 
suspension was recentrifuged and suspended in sufficient 
M-199 medium with penicillin, streptomycin, and 7.5% 
fetal calf serum, to achieve a final macrophage concen- 
tration of | X 10°/mL. One-milliliter aliquots of these 
suspensions were cultured in plastic flat-bottom polysty- 
rene tissue culture plates. They were incubated at 37 C 
in 5% CO, for | hour, at which time the culture medium 
was removed and replaced with fresh M-199 medium to 
remove any nonadherent cells. The suspensions were cul- 
tured for 24 hours, after which the acellular medium was 
removed and frozen at —70 C until the samples could be 
incubated with normal splenocytes. 
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For the second set of experiments, macrophages were 
harvested from the peritoneal cavity of three groups of 
rats that were identically transfused as those described 
before. These cells were also hypotonically lysed of con- 
taminating red cells and washed three times to remove 
any cellular debris. After the final washing they were re- 
suspended in sufficient RPMI medium with penicillin, 
streptomycin, and 7.5% fetal calf serum (complete RPMI) 
to achieve a final macrophage concentration of 5 X 104/ 
50 uL. 


Splenocyte Harvesting 


Normal splenocytes were obtained from healthy un- 
treated Lewis rats. The rats were killed by cardiac air em- 
bolism and their spleens were aseptically removed. Three 
spleens were used in the first two phases of the study. The 
spleens were bivalved under sterile conditions in a laminar 
flow hood and the splenocytes removed from each splenic 
half by lavage. The splenocytes from the three spleens 
were combined, hypotonically lysed of contaminating red 
cells, and washed as previously described. After the final 
wash they were resuspended in sufficient complete RPMI 
to achieve a final concentration of 1 xX 10°/100 uL. 

For the first set of experiments, 100-uL aliquots of the 
normal rat splenocytes were combined with 50 uL of each 
of the macrophage supernatants. To this was added 100 
uL of complete RPMI. These were cultured for 72 hours 
in round-bottom polystyrene culture plates. They were 
pulsed with 1.0 „Ci of 3H-thymidine and cultured for 
another 18 hours, after which they were harvested with 
an automated cell harvester. The filters were placed in 
scintillation vials with scintillation fluid and were counted 
on a standard beta counter. 

For the second set of experiments, the above procedure 
was repeated except for the addition of 50 uL of the mac- 
rophage suspension containing 5 X 10* macrophages in- 
stead of the macrophage supernatant. The macrophage- 
splenocyte suspension was then cultured, pulsed, and 
counted. 

In the final set of experiments, ten rats from each of 
the three transfusion groups had their spleens aseptically 
removed. Splenocytes were harvested from these spleens 
and after lysing contaminating red blood cells, the number 
of lymphocytes and macrophages per splenic lavage was 
determined. The splenocytes were resuspended after the 
final washing in sufficient complete RPMI to achieve a 
splenocyte concentration of 1 X 10°/250 uL. A 250-uL 
aliquot of each splenocyte suspension was then cultured, 
pulsed, and counted as previously described. 

All splenocyte suspensions were cultured both with 10 
ug of phytohemagglutinin (PHA) per culture well and 
without PHA. Duplicate tests were run on all cultures in 
all phases of this study. 
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TABLE 1. Per cent of lymphocyte blastogenic response obtained with 
the addition of macrophage supernatants from transfused rats 
compared with macrophage supernatants 
from nontransfused rats 





Rats Transfused Rats Transfused 


with Blood with Blood from 
Control Rats from Lewis Rats ACI Rats 

Supernatants 100.0 + 5.0% 111.8+5.5% 118.9 + 7.6% 
without PHA p = .180 p = .099 
stimulation 

Supernatants 100.0 + 2.9% 86.0 + 2.7% 90.4 + 2.0% 
plus PHA p = 0.003 p = 0.041 
stimulation 

Statistical Analysis 


The average blastogenic response for each transfusion 
group was divided by the average response of cells from 
the nontransfused control rats in that set of experiments. 
This number was expressed as the per cent of response 
compared to using cells or supernatants of cells obtained 
from nontransfused control rats. All data were analyzed 
on the CLINFO Computer System in the General Clinical 
Research Center of the University of Cincinnati Medical 
Center, Cincinnati, Ohio. Statistical significance was de- 
termined using the Student’s t-test. 


Results 


Macrophage supernatants from both transfusion groups 
increased the nonstimulated uptake of *H-thymidine by 
splenic lymphocytes compared with the rats treated with 
lactated Ringer’s solution when PHA was deleted, but 
this difference was not significant (Table 1). In those cul- 
tures in which PHA was present, there was an impairment 
in blastogenesis when macrophage supernatants from 
transfused rats were added (Table 1). The addition of su- 
pernatants from macrophages of rats transfused with 
blood from Lewis rats decreased the blastogenic response 
to 86.0 + 2.7% of that seen with the addition of macro- 
phage supernatants from rats treated with lactated Ringer’s 
solution (p = 0.003). The addition of macrophage super- 
natants from rats transfused with blood from ACI rats 
also significantly decreased the blastogenic response to 
90.4 + 2.9% of control rats (p = 0.041). 

The addition of macrophages from transfused rats de- 
creased the blastogenic response to an even greater degree 
(Table 2). When cultured without PHA stimulation, 
macrophages from rats transfused with blood from Lewis 
rats decreased the blastogenic response to 47.7 + 25.4% 
of that seen with the addition of macrophages from control 
rats. The use of macrophages from rats transfused with 
blood from ACI rats decreased the response to a slightly 
greater degree (46.6 + 16.2% of control rats, p = 0.048). 

The addition of PHA to the cultures increased the de- 


é gree of blastogenic inhibition seen with the addition of 
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TABLE 2. Per cent of lymphocyte blastogenic response obtained with 
the addition of macrophages from transfused rats compared with 
macrophages from nontransfused rats 


Rats Transfused Rats Transfused 
with Blood with Blood from 


Control Rats from Lewis Rats ACI Rats 


Macrophages 100.0 + 24.6% 47.7 + 25.4% 46.6 + 16.2% 
alone p= .110 p = 048 
Macrophages 100.0 + 38.9% 271+ 9.4% 12.6+ 3.0% 
plus PHA p = .028 p = .006 

stimulation 


macrophages from the transfused rats (Table 2). Macro- 
phages from rats transfused with blood from Lewis rats 
decreased the blastogenic response to 27.1 + 9.4% of that 
seen with the addition of macrophages from rats treated 
with lactated Ringer’s solution (p = 0.028). The impair- 
ment in lymphocyte response was even greater with the 
addition of macrophages from rats transfused with blood 
from ACI rats (12.6 + 3.0% of control rats, p = 0.006). 

There were no statistically significant differences be- 
tween the blastogenic responses of splenocytes from blood 
of ACI and Lewis rats and rats treated with lactated 
Ringer’s solution (Table 3). Without PHA, the rats trans- 
fused with blood from Lewis rats had a splenocyte blas- 
togenic response of 197.1 + 51.6% compared with that 
of the control rats. The splenocyte blastogenic response 
of rats transfused with blood of ACI rats decreased to 72.1 
+ 22.8% of that seen in control rats. Neither of these 
changes was statistically significant. 

When PHA was added to the cultures, there was an 
increase in the response of the splenocytes from rats 
transfused with blood from Lewis rats (186.4 + 44.8%) 
and rats transfused wth blood from ACI rats (133.7 
+ 23.7%) compared with control rats. 

There was a decrease in the number of lymphocytes 
obtained from the splenic lavage of the rats transfused 
with blood from Lewis and ACI rats. Control rats had 
7.02 + 1.26 X 10’ lymphocytes per spleen. Rats transfused 
with blood from Lewis rats had 4.62 + .86 X 10’ lym- 
phocytes per spleen (NS) and rats transfused with blood 


TABLE 3. Per cent of lymphocyte blastogenic response seen with 
splenocytes from transfused rats compared with splenocytes 
from nontransfused rats 





Rats Transfused 
with Blood from 


Rats Transfused 
with Blood 





Control Rats from Lewis Rats ACI Rats 
No PHA 
stimulation 100 + 29.1% 197.1 + 51.6% 72.1 + 22.8% 
p= .119 p= 461 
PHA 
stimulation 100 + 23.7% 186 +44.8% 133.7 + 23.7% 
p= .105 p = .328 
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from ACI rats had 1.50 + .37 X 10’ lymphocytes per 
spleen (p = 0.001). 

There was a slight decrease in the number of macro- 
phages from the spleens of transfused rats. Control rats 
had 2.14 + .68 X 10° macrophages per splenic lavage and 
rats transfused with blood from Lewis rats had 1.68 + .53 
x 10° macrophages per spleen (NS). The decrease to 6.8 
+ 2.9 X 10° macrophages per splenic lavage in the rats 
transfused with blood from ACI rats did not reach statis- 
tical significance (p = 0.065). 


Discussion 


Blood transfusions have become a common treatment 
for correction of severe anemias and for the replacement 
of significant losses resulting from traumatic injuries and 
surgical operations. Such transfusions are possible because 
of the discovery of the ABO blood groups by Landsteiner 
in 1900.78 

The immunologic alterations resulting from blood 
transfusions have only recently been recognized. The 
possibility that transfusions cause a broad-spectrum im- 
munosuppression is supported by the decreased rejection 
rate of allografts’ and the increased rate of recurrence 
of cancer in transfused patients.°-?'! Our work has also 
documented an increased susceptibility of transfused rats 
to lethal infections.” 

We have concentrated our initial efforts on determining 
the mechanism of this broad-spectrum immunosuppres- 
sion by investigating its effect on the monocyte-~macro- 
phage cell line. Our earlier work in rats documented an 
increased production of the immunosuppressive metab- 
olite prostaglandin E by macrophages from transfused rats 
and burned transfused rats.**?° Since prostaglandin E in- 
hibits lymphocyte function,”°*’ we evaluated whether the 
macrophages themselves suppress lymphocyte function. 
Macrophages also produce a variety of other lymphokines 
including the lymphocyte stimulator interleukin | (IL1).? 
If the transfusions stimulated macrophage production of 
such immunostimulatory compounds to a greater degree, 
the net effect of transfusion on macrophage—lymphocyte 
interaction might be to increase lymphocyte blastogenesis. 

Our study tested the effect of both macrophages and 
their supernatants on lymphocyte blastogenesis. By iso- 
lating these cells from the transfused rats and mixing them 
with lymphocytes from normal untreated rats, we elimi- 
nated the possible interference of suppressor T-lympho- 
cytes generated directly by the transfusions. Such sup- 
pressor T cells have been found after transfusions.*°?! 

We found that macrophages from rats transfused with 
both syngeneic and allogeneic blood impair lymphocyte 
blastogenesis. The use of the supernatant from the mac- 
rophage culture also decreased the blastogenic response 
compared with supernatant from nontransfused rat cells. 
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The inhibition with the supernatant was roughly 10% of 
that of the corresponding macrophage from both synge- 
neic and allogeneically transfused rats. Thus it appears 
that a direct macrophage-lymphocyte interaction is re- 
quired for maximal inhibition. An alternative explanation 
is that there is a positive feedback loop in the release of 
immunosuppressive metabolites between the macrophage 
and lymphocyte. That is, the macrophage’s initial secre- 
tion of such immunosuppressive metabolites as prosta- 
glandin E results in the lymphocyte secretion of com- 
pounds that stimulate the macrophage to produce more 
immunosuppressive metabolites. 

Our failure to demonstrate an impairment in lympho- 
cyte blastogenesis using splenocytes from transfused rats 
indicates the complex nature of the PHA response. There 
are several possible explanations for this failure to dem- 
onstrate impaired blastogenesis after immunosuppressive 
blood transfusions. One explanation is that the blastogenic 
response measured was from the cellular division of sup- 
pressor T cells. If this were the case, then the blastogenic 
assay would not document the immunosuppression re- 
sulting from the increased number of suppressor T-lym- 
phocytes. Another explanation is that there was an in- 
sufficient number of macrophages in the splenocyte cul- 
tures. The ratio of macrophages to lymphocytes in the 
second phase of this study was 1:2. There was a marked 
impairment in the lymphocyte blastogenic rate at this ra- 
tio. In the third set of experiments there was, on average, 
a ratio of only 1:30. It is possible that at this low concen- 
tration the macrophages were not able to inhibit the func- 
tion of a larger number of lymphocytes. 

The decrease in the number of lymphocytes and mac- 
rophages from the splenic lavages of the transfused rats 
is an interesting finding. Decreased recovery could be due 
to an increased adhesiveness of the cells to the splenic 
pulp that prevented them from being washed out with 
the lavage. A second possibility is that the transfusions 
altered the distribution of the cells to regions other than 
the spleen. In a previous study, we found that transfusions 
diminish migration of macrophages to the peritoneal cav- 
ity in response to inflammatory stimuli.?* 

This study demonstrated a statistically significant im- 
pairment in lymphocyte blastogenesis by macrophages 
taken from rats after transfusions with either allogeneic 
or syngeneic blood. This finding is different from our ear- 
lier reports that demonstrated a greatly increased suscep- 
tibility to infections after allogeneic transfusions but only 
a slight increase after syngeneic transfusions.2*?> These 
findings suggest an important contribution of factors not 
related to histocompatibility. These factors could include 
hemolysis and lysis of platelets and/or neutrophils. Ad- 
ditional investigations in this area are needed to study this 
clinically important problem. 
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Resuscitation from hemorrhagic shock by infusion of isotonic 
(normal) saline (NS) is accompanied by a transient elevation in 
intracranial pressure (ICP), although cerebral edema, as measued 
by brain weights at 24 hours, is prevented by adequate volume 
resuscitation. The transient increase in ICP is not observed during 
hypertonic saline (HS) resuscitation. The effect of colloid re- 
suscitation on ICP is unknown. Beagles were anesthetized, in- 
tubated, and ventilated, maintaining pCO, between 30-45 torr. 
Femoral artery, pulmonary artery, and urethral catheters were 
positioned. ICP was measured with a subarachnoid bolt. Forty 
per cent of the dog’s blood volume was shed and the shock state 
maintained for 1 hour. Resuscitation was done with shed blood 
and a volume of either NS (n = 5), 3% HS (n = 5), or 10% 
dextran-40 (D-40, n = 5) equal to the amount of shed blood. 
Intravascular volume was then maintained with NS. ICP fell 
from baseline values (4.7 + 3.13 mmHg) during the shock state 
and increased greatly during initial fluid resuscitation in NS and 
D-40 groups, to 16.0 + 5.83 mmHg and 16.2 + 2.68 mmHg, 
respectively. ICP returned to baseline values of 3.6 + 1.73 
mmHg in the HS group with initial resuscitation and remained 
at baseline values throughout resuscitation. NS and D-40 ICP 
were greater than HS ICP at 1 hour (p < .001) and 2 hours (p 
< .05) after resuscitation. These results demonstrate that NS 
or colloid resuscitation from hemorrhagic shock elevates ICP 
and that HS prevents elevated ICP. 


from hemorrhagic shock demands the adminis- 

tration of saline in addition to reinfusion of blood 
was first made by Wiggers.’ The electrophysiologic basis 
for this requirement was established by Shires and asso- 
ciates.2°> To restore cell membrane potential differences 
and repair the sodium-potassium pump after shock, a 
volume of crystalloid approximately four times the vol- 
ume of hemorrhage is needed. Inadequate resuscitation 
is associated with the development of cerebral edema,® a 
process that is prevented by adequate restoration of in- 


T>" OBSERVATION THAT successful resuscitation 
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travascular volume.’ Recently, however, increased ICP 
has been noted despite adequate resuscitation from hem- 
orrhagic shock as well. 

The massive amounts of isotonic crystalloid solution 
required for adequate resuscitation of severely injured pa- 
tients has prompted the evaluation of smaller volumes of 
either hypertonic saline (HS) or colloid solutions as a sub- 
stitute. In a number of studies, HS solutions were as ef- 
fective in resuscitation as isotonic electrolyte solutions of 
three times the volume.”"!' Likewise, colloid resuscitation 
effectively expands plasma volume and also maintains 
this volume for a greater time than that observed with 
crystalloid resuscitation. !® 

We compared the effect of ICP of normal saline (NS), 
HS, and colloid (Dextran-40 [D-40]) during resuscitation 
from experimental hemorrhagic shock. 


Materials and Methods 


Beagles weighing 8.5-14.5 kg were splenectomized. Af- 
ter an overnight fast, each dog was anesthetized with 4 
mL of 5% thiamylal sodium, placed in a supine position, 
intubated endotracheally, and ventilated at a tidal volume 
of 15 mL/kg and a fraction of inspired oxygen (FiO>) of 
1.00. Ventilation was adjusted to maintain pCO, between 
30-45 torr. Additional intravenous doses of sodium pen- 
tobarbital, 2.5-5.0 mg/kg, were given as needed for anes- 
thesia. Bilateral femoral vessel cutdowns were performed 
and 16-gauge 2-inch catheters placed in both femoral ar- 
teries. A flow-directed thermodilution pulmonary artery 
catheter was positioned via a femoral vein. 

Each dog was then turned on its left side. A burr hole 
was made in the right hemicranium with a 0.25-inch twist 
drill, and ICP was measured with a pediatric subarachnoid 
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bolt attached to a transducer. ICP was calibrated against 
a mercury column and zeroed at the level of the right 
orbit. Right femoral arterial and pulmonary catheters were 
attached to pressure transducers zeroed at the level of the 
atria and calibrated against a mercury column. ICP, right 
atrial pressure (RAP), pulmonary capillary wedge pressure 
(PCWP), and pulmonary artery pressure (PAP) were re- 
corded simultaneously on a Beckman polygraph, and val- 
ues for each were documented in 15-minute intervals from 
baseline values. Cardiac output (CO) and core temperature 
were also recorded at each interval. Pulmonary vascular 
resistance (PVR) was calculated using the following equa- 
tion: PVR = PAP — PWP/CO. A urethral catheter was 
used to measure urine output every 15 minutes. The 
bladder was emptied just before the shock period. 

Baseline hemodynamic measurements were obtained. 
Forty per cent of the total blood volume (79 mL/kg) was 
shed via the left femoral artery catheter over 5 minutes 
and collected in a citrate-phosphate-dextrose blood bag. 
After 1 hour of shock (end shock period), one half of the 
shed blood was transfused over 15 minutes. Hemody- 
namic measurements were obtained and then an amount 
of NS (Group I [GrI], n = 5) or 3% HS (Group H [GrH], 
n = 5) equal to the amount of shed blood was given. 
Group III (Grlll) comprised five dogs from Grl and Gril 
that had recovered from the first experiment for at least 
2 weeks and had a normal hematocrit and neurologic 
status. Grill received 10% D-40 in NS in an amount equal 
to the crystalloid solutions given to Grl and Grill. All 
groups were then given 1500 mL of NS over the subse- 
quent 75 minutes. The remaining shed blood was trans- 
fused in the final 15 minutes. At the completion of each 
experiment the subarachnoid bolt and vascular catheters 
were removed. The burr hole was filled with bone wax 
and the incision was closed. Femoral arteries were repaired 
and the groin incision was closed. All dogs were breathing 
spontaneously at this time and regained consciousness. 
Baseline arterial samples were obtained and taken hourly 
for the duration of the experiment. From each sample, 
hematocrit (Hct), sodium (Na), potassium (K), osmolarity 
(osm), and base deficit (BD) determinations were made. 

Data were analyzed using the Statistical Analysis Sys- 
tem (SAS) at the University of Illinois, Chicago, Illinois. 
Unpaired t-tests were performed between group values 
for each time point. Values of p < 0.05 were considered 
significant. 


Results 


Mean weight and volume of blood shed for Grl, Gril, 
and Grlll are listed in Table 1. Mean weight for all dogs 
was 11.2 + 1.72 kg and the mean volume of blood loss 
was 351 + 54.1 mL. Baseline mean arterial blood pressures 


< (MAP) of the three groups shown in Figure | were not 
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TABLE 1. Mean Weight of Dogs and Volume of Blood Loss 


GR I Gr Il Gr Il 
Baseline 
weight 116+ 196Kg 1LI£ 1.39Kg 108+ 1.82 Kg 
Amount bleed 
(40% blood 
volume) 358 + 69.6 mL 3514441 mL 343+57.6mL 





different. After hemorrhage, MAP dropped to between 31 
+ 16.2 and 52 + 23.6 mmHg. During shock, MAP spon- 
taneously increased to between 51 + 19.2 and 74 + 20.1 
mmHg. The addition of one-half shed blood volume in- 
creased MAP to 75% of baseline values. MAP reached 
near baseline values after infusion of either NS, HS, or 
D-40. For the duration of resuscitation, MAP was at or 
near baseline values and was not statistically different 
among the groups at any time. Systolic and diastolic blood 
pressures followed a pattern similar to MAP. Heart rate 
(Fig. 2) remained at essentially baseline values for the 
duration of the experiment (all dogs had tachycardia most 
likely due to light anesthesia). Baseline cardiac outputs 
ranged from 1.53 + 0.44 to 2.07 + 0.66 L/min (Fig. 3). 
Hemorrhage decreased CO to 20% of baseline values. 
During shock, CO increased spontaneously to 40% of 
baseline values. Reinfusion of one-half shed blood volume 
increased CO to 75% of baseline values. The addition of 
NS, HS, and D-40 increased CO above baseline values. 
A hyperdynamic state continued during infusion of 1500 
mL of NS although CO was not statistically different 
among the groups. Mean measurements of RAP, PAP, 
and PCWP are shown in Figures 4, 5, and 6, respectively. 
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FIG. 1. Mean arterial blood pressure measurements at baseline (BL), 
through shock (1 hour) and resuscitation. Resuscitation was initiated 
with one-half shed blood volume followed 15 minutes later by a volume 
of test fluid, either NS (Grl), HS (Gril), or D-40 (Grill) equal to the 
amount of shed blood. Infusion of 1500 mL of NS and the remaining 
shed blood over 90 minutes completed the study period. Values are 
mean + SD. 
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FiG. 2. Heart rate measurements at baseline (BL), through shock {1 hour) 
and resuscitation. Resuscitation was initiated with one-half shed blood 
volume followed 15 minutes later by a volume of test fluid, either NS 
(Gri), HS (Gril), or D-40 (Gril) equal to the amount of shed blood. 
Infusion of 1500 mL of NS and the remaining shed blood over 90 minutes 
completed the study period. Values are mean + SD. 


Filling pressures fell with hemorrhage and. like MAP, in- 
creased during the shock period. Infusion of one-half shed 
blood volume brought filling pressures to near baseline 
values in all groups. Filling pressures remained near or 
above baseline values for the duration of fluid resuscita- 
tion. Grill (D-40) sustained filling pressures statistically 
greater than Grl or Grll during resuscitation. HS provided 
lower filling pressures than NS throughout fluid resusci- 
tation although mean PAP measurements were statisti- 
cally different between Gri and GrlI only immediately 
after administration of the initial volume of shed blood 
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Fic. 3. Cardiac output measurements at baseline (BL), through shock 
(1 hour) and resuscitation. Resuscitation was initiated with one-half shed 
blood volume followed 15 minutes later by a volume of test fluid, either 
NS (Gr, HS (GriD, or D-40 (GrlID equal to the amount of shed blood. 
Infusion of 1500 mL of NS and the remaining shed blood over 90 minutes 
completed the study period. Values are mean + SD. 
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Fic. 4. Mean RAP measurements at baseline (BL), through shock (1 
hour) and resuscitation. Resuscitation was initiated with one-half shed 
blood volume followed 15 minutes later by a volume of test fluid, either 
NS (Grl), HS (Grii), or D-40 (Grill) equal to the amount of shed blood. 
Infusion of shed blood over 90 minutes completed the study period. 
Values are mean + SD. 


and test fluid. Grill filling pressures fell during late re- 
suscitation. 

Urine outputs (mL/kg) for shock and resuscitation are 
listed in Table 2 and Figure 7. All dogs had no urine 
output during shock. Urine flow began early in resusci- 
tation but diuresis was delayed in Grlll. Total urine output 
after 1 hour of resuscitation was highest in GrlI (HS), 
intermediate in Gri (NS), and lowest in Grill (D-40). 
These differences were significant. Although this trend 
persisted after 2 hours of resuscitation, the differences were 
not significant. The onset of diuresis in Grlll correlated 
with the fall in pulmonary and left ventricular filling pres- 
sures. 

Baseline ICP values ranged from 3.8 + 2.49 to 6.4 
+ 3.21 mmHg (Fig. 8). ICP decreased during shock but 
then increased essentially to baseline values with the in- 
fusion of one-half shed blood volume. The addition of 
NS or D-40 significantly increased ICP. HS, however, 
maintained ICP at baseline values. GrI and Grlll showed 
greatly elevated ICP throughout resuscitation compared 
with GrlI, which maintained baseline values throughout 
resuscitation with NS. ICP values in Gril (D-40) de- 
creased in late resuscitation coincidently with a fall in 
filling pressures and increased urine output. 

The pattern of PVR (Fig. 9) was similar in all groups 
regardless of the type of fluid resuscitation. PVR increased 
during shock when CO decreased and returned to values 
below baseline with resuscitation. The low PVR values 
were presumably due to the elevated CO observed in all 
groups. 

Hct, osm, Na, and K values are listed in Table 2. Hct 
fell with hemorrhage and was lowest after 1 hour of re- 
suscitation. After transfusion of the remaining blood vol- 


te 
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ume in late resuscitation, Hct increased in all groups. After - 


| hour of resuscitation, Hct of Gr was significantly lower 
than that of GrI or Gril and remained significantly lower 
than that of GrllI until the end of the study. Presumably 
the low Hct observed in GrHI was due to an incréased 
intravascular volume and hemodilution. 


Osm increased significantly in Gril after infusion of — 
HS. The elevated osm cortelated with a significantly el- ` 


evated serum Na. Serum K values decreased equally in 


all groups with resuscitation from shock. 


Temperature, arterial pH, BD are also shown in Table 
2. All dogs had an increased BD and decreased arterial 
pH despite adequate fluid resuscitation. Temperature fell 
steadily throughout the study. Values were not statistically 
different among groups. 

All dogs in GrI and Gril survived without neurologic 
sequelae. Two of five dogs in GrllI died after the study. 
One dog never regained consciousness but maintained 
respirations until death at 24 hours after the study. The 
second dog died 3 days after the study; this animal was 
lethargic but ambulatory. These two dogs had the lowest 
Hct after 2 hours of resuscitation, 15.5 and 14.5, respec- 
tively. 


Discussion 


Hemorrhagic shock is associated with progressive de- 
terioration of cellular function leading to death. As per- 
fusion pressure falls, transmembrane potential decreases 
independent of pH, plasma potassium concentration, bi- 
carbonate concentration, or CO, tension.*:'*!> The aden- 
osine-triphosphate (ATP}-dependent sodium-potassium 
pump fails, allowing Na flux into and K flux out of the 
cell. Interstitial water then enters the cell, causing intra- 
cellular edema. As shock continues, oxidative phosphor- 
ylation ceases and plasma membranes are disrupted. Ly- 
sosomal granules leak enzyme contents, and autodigestion 
of the cell begins.'© Adequate resuscitation of cellular 
function requires restitution of blood volume and oxygen- 
carrying capacity. Whole blood is not entirely sufficient 
for resuscitation due to the extracellular losses of Na and 
water that require replacement with electrolyte solu- 
tions." Resuscitation must begin before the condition 
of the “sick cell” is irreversible. 

Relying on the studies of Lowe et al.,!7 we use isotonic 
crystalloid solutions for resuscitation of patients with de- 
pleted effective circulating plasma volume. Although the 
volumes of isotonic crystalloid required to resuscitate and 
maintain the severely ill or injured surgical patient are 
large, Lowe and associates!’ reported that no adverse ef- 
fects on pulmonary parameters occurred, even when 
massive volumes of crystalloid were infused. The effects 
of crystalloid fluid resuscitation on intracranial pressures 


< have not been well documented. 


If ICP becomes elevated as a consequence of massive 
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Fic. 5. Mean pulmonary artery pressure measurements at baseline (BL), 
through shock (1 hour) and resuscitation. Resuscitation was initiated 
with one-half shed blood volume followed 15 minutes later by a volume 
of test fluid, either NS (Gri), HS (Gril), or D-40 (Grill) equal to the 
amount of shed blood. Infusion of 1500 mL of NS and the remaining 
shed blood over 90 minutes completed the study period. Values are 
mean + SD. 


fluid resuscitation, adverse effects may be seen, especially 
in patients who have head injury complicating their 
trauma. Preservation of cerebral perfusion appears to be 
a determining factor in survival after hemorthage.'® Mul- 
tiple mechanisms protect cerebral perfusion pressure. 
Autoregulation of cerebral blood flow over a wide range 
of systemic blood pressures maintains cerebral perfusion 
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Fic. 6. Mean pulmonary capillary wedge pressure measurements at 
baseline (BL), through shock (1 hour) and resuscitation. Resuscitation 
was initiated with one-half shed blood volume followed 15 minutes later 
by a volume of test fluid, either NS (GrD, HS (Gril), or D40 (Gril) 
equal to the amount of shed blood. Infusion of 1500 mL of NS and the 
remaining shed blood over 90 minutes completed the study period. Values 
are mean + SD. 
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TABLE 2. 
1 Hour of 2 Hours of 
Baseline End Shock Resuscitation Resuscitation 
Na 
Gr I 141 + 1.48 idit 1.48 144+ 1.2? 146 + 1.92 
Gr Il 142 + 1.64 140 + 1.14 162 + 3.03 157 + 4.16 
Gr IH 140 + 1.30 137 43.21 14i + 1.79* 146 + 3.29* 
K 
Gr | 3.6 + 3.6 2.9 + 56 3.0.9] 2.5.41 
Gr Il 3.7 + .29 2.9 + .43 2.9 + 34 2.5.31 
Gr Ill 3.9 4.32 2.9 + 24 3.0 + 26 2.7+.18 
Osm 
Gr I 301 + 12.2 294 + 12.9 295+ 12.1 290 + 34.0 
Gril 294+ 17.3 292 48.5 326+3.8 317+ 14.5 
Gr Ill 289 +9. ] 297 + 6.0 299 + 14.8F 309 + 14.7 
Het 
Gr | 34.5 +4,76 26.3 + 3.96 19.5 + 3.08 27.5+4.97 
GrH 35.3 + 3.93 25.8 + 3.56 21.02.145 29.1 £40i 
Gr HI 35.6 4.77 26.0 + 5.79 14.5 + 3.794 21.4 +6.04| 
Urine Output Bladder emptied 
Gr I 0.0 18.9 + 5.84 80.3 + 20.1 
Gril 0.0 34.9 + 14.3 125.4 + 55.8 
Gr Ii 0.0 5.2 + 7,94§ 65.3 + 42.0 
Temp 
Gr I 33.2+ 1.41 32.6 + 1.44 31.6 £ 2.77 31.6 + 3.66 
Gr I 34.4 + 1,37 33.7 + 1.23 32.34 1.25 29.9 + 1.83 
Gr HI 34.1 41.22 33.5 + 1.49 31.4 + 1.42 30.7 + 1.64 
Arterial pH 
Gr | 7.41 +.14 7.42 + 10 7.34 + .12 7.32.12 
GrH 7.46 + .09 7.37 + 06 7,304.11 TASE] 
Gr Hl 7.46 + .09 7.35 +.14 7.33 + 10 7.28 + 07 
BD 
Gr I — 326+ 2.34 ~6.48 + 3,36 ~8.38 + 2.49 --R 46 + 1.61 
Gr Ul -2,28 + 84 -8.70 + 3.40 ~ 10.58 + 1.29 -9.46 + 2,03 
Gr IH ~Li6+1.17 ~9 08 + 5.42 ~7.16+4.14 —R 08 + 3.21 











* p< .001 (Gr I vs. Gr ID; p s .001 (Gr H vs. Gr HD 
tp s .01 (Gr I vs. Gr ID; p s .05 (Gr H vs. Gr DD 
tp s .05 (Gri vs. Gr IH); p < .01 (Gr Il vs. Gr HD 


with MAP as low as 50 mmHg.!?° Below this pressure, 
regionalization of cerebral blood flow occurs.?! The di- 
encephalon (thalamus and hypothalamus), brain stem, 
and cervical spinal cord then receive preferential flow. In 
severe shock most of the CO is directed to the brain due 
to elevated systemic vascular resistance.” Restoration 
of intravascular Volume with crystalloid restores CO and 
cerebral perfusion pressure, although cerebra! blood flow 
remains below preshock values for several hours.” If only 
the shed blood is returned, cerebral edema and cellular 
damage occur.*” 

Since 1951, isovolemic hemodilution models have 
shown that NS increases ICP, whereas HS prevents this 
rise.” Elevation in ICP correlates with increased brain 
water content.” Isovolemic colloid hemodilution does 
not affect the brain water content*®**”? and HS actually 
decreases ICP and brain water content.2*’ Recently, NS 
resuscitation of experimental hemorrhagic shock was 
shown to increase ICP, and the addition of HS protected 
the brain from this increase in ICP,® although survival 
and neurologic sequelae were not documented. The effect 


aeaiee ieena aa a thinner nae 


§p<= 05, ps .01 {Gr I vs. Gr ID; p s .01 (Gr H vs. Gr HD 
| p s .05 (Gr II vs. Gr HD 


on ICP of colloid resuscitation in a hemorrhagic shock 
model is not known. 

We attempted to produce sufficient hemorrhage to 
overwhelm cerebral autoregulation, thereby causing ce- 
rebral cellular damage, Because ICP becomes elevated 
with cerebral swelling, any interstitial or cellular edema 
induced by NS, HS, or D-40 resuscitation would be re- 
flected as an increase in ICP. 

We demonstrated that ICP falls as MAP decreases be- 
low the level at which autoregulation maintains cerebral 
perfusion pressure. ICP remains below baseline values for 
the duration of the shock state, and increases as intravas- 
cular volume is restored. Marked differences are noted 
between dogs resuscitated with HS and those resuscitated 
with either NS or D-40. NS resuscitation elevates ICP to 
approximately 3—4 times baseline values, whereas HS re- 
suscitation returns ICP to baseline values and maintains 
it there despite NS reinfusion. D-40 resuscitation initially 
elevates ICP to values similar to those observed with NS, 
but during the second hour of maintenance fluid replace- 
ment with NS, ICP returns to baseline values. These data 
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Fic. 7. Urine output measurements at baseline (BL), through shock (1 
hour) and resuscitation. Resuscitation was initiated with one-half shed 
blood volume followed 15 minutes later by a volume of test fluid, either 
NS (Gr), HS (Gril), or D-40 (Gril) equal to the amount of shed blood. 
Infusion of 1500 mL of NS and the remaining shed blood over 90 minutes 
completed the study period. Values are mean + SD. 


imply that cerebral edema occurs during NS and D-40 
resuscitation of hemorrhagic shock. Administration of HS 
early in fluid resuscitation appears to prevent cerebral 
edema. 

Because brain weights and brain water content mea- 
surements were not done, we can only speculate that the 
elevated ICP observed in dogs given NS or D-40 develops 
secondary to fluid shifts into the extravascular space within 
the brain. In the absence of shock, colloid hemodilution 
with D-40 does not increase cerebral brain water or ICP. 
D-40 is of sufficient size (40,000 daltons) that it remains 
in the vascular space for up to 3 hours, after which it ts 
degraded and excreted in the urine.*? D-40 also creates a 
sufficient oncotic pressure to pull extravascular fluid into 
the vascular space. Since ICP increases with D-40 resus- 
citation from shock, we suspect that the shock state has 
caused a breakdown in the blood—brain barrier, permitting 
D-40 to enter the brain, drawing free water into the in- 
terstitium, and causing cerebral edema. A reversal of this 
process is noted during the second hour of resuscitation 
when ICP in Grili (D-40) returns to baseline values. As 
ICP decreases, the urine output increases, suggesting that 
D-40 shifts back to the vascular space, bringing water with 
it. D-40 and water are then excreted in the urine as seen 
by a fall in the pulmonary artery and left ventricular filling 
pressures. 

Restoration of adequate perfusion pressures during re- 
suscitation from hemorrhage shock returns the cellular 
transmembrane potential to normal. Since adequate 
perfusion pressures were obtained in all treatment groups 
during resuscitation, HS does not appear to exert its ce- 
rebral protective effect (lowering ICP) by stabilization of 
cell membranes through reestablishment of the trans- 


RESUSCITATION FROM HEMORRHAGIC SHOCK 691 


eae emina, 


30 Gri} @ NORMAL SALINE 
Grit) a HYPERTONIC SALINE 
Gr Hi} D DEXTRAN-40 
epx= O85 
tps ot 
bps .001 


. ii 


10 


$ E 9 eee 
ea fener 


ICP (mm Hg) 





BL SHOCK 


BLGOD FLUID NORMAL SALINE. BLOOD 


Fic. 8. Intracranial pressure measurements at baseline (BL), through 
shock (1 hour) and resuscitation. Resuscitation was initiated with one- 
half shed blood volume followed 15 minutes later by a volume of test 
fluid, either NS (Gr), HS (Gril, or D-40 (Grili) equal to the amount 
of shed blood. Infusion of 1500 mL of NS and the remaining shed blood 
over 90 minutes completed the study period. Values are mean + SD. 


membrane Na-K gradient. Instead, HS may act by re- 
placing plasma Na deficits known to occur during shock.”' 
Alternatively, HS may simply act osmotically, pulling 
water from the extravascular space into the intravascular 
space”'':'? and, indeed, serum osm and Na concentrations 
were significantly greater in the HS-treated group. Since 
plasma volume is expanded by HS only temporarily, los- 
ing 75% of its effectiveness within 30 minutes,” we pro- 
pose that HS not only provides an osmotic gradient for 
water to enter the vascular space but also reestablishes 
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Fic. 9. Pulmonary vascular resistance calculated at baseline (BL), through 
shock (1 hour) and resuscitation. Resuscitation was initiated with one- 
half shed blood volume followed 15 minutes later by a volume of test 
fluid, either NS (Grl), HS (Gril), or D-40 (Grill) equal to the amount 
of shed blood. Infusion of 1500 mL of NS and the remaining shed blood 
over 90 minutes completed the study period. Values are mean + SD. 
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proper function of the cell membrane and the blood- 
brain barrier by another mechanism. Future studies will 
be directed toward identification of such mechanisms re- 
sponsible for maintenance of the blood-brain barrier. 

All dogs except two treated with D-40 survived the study 
neurologically intact. These two dogs sustained the greatest 
hemodiluton we observed, which led us to suspect they 
had neurologic damage resulting from inadequate re- 
placement of the oxygen-carrying capacity of the blood. 
Red blood cell transfusion requirements may be greater 
when D-40 resuscitation is used. 

Pulmonary artery and left ventricular filling pressures 
were significantly greater in dogs given D-40 (GrIII). The 
elevated filling pressures were not reflected in the systemic 
pressures. HS dilates the pulmonary vasculature,” and 
this is reflected in lower filling pressures; D-40 may exert 
an opposite effect. These differences in filling pressures 
among groups were not reflected by a change in PVR. 

Resuscitation from hemorrhagic shock with either NS 
or D-40 is associated with significant elevations in ICP. 
HS (3%) prevents this increase in ICP. We believe that 
severe hemorrhagic shock with failure of autoregulation 
and cerebral perfusion compromises cell membrane in- 
tegrity and blood-brain barrier function. Conventional 
resuscitation with NS or colloid solutions is not sufficient 
to restore these functions, and cerebral edema with ele- 
vating ICP occurs. The use of HS early in resuscitation 
may enhance the return of cell membrane and blood- 
brain barrier function, and may prove beneficial to the 
patient in hemorrhagic shock who has also sustained neu- 
rologic trauma. 
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The piercing pain 

and discomfort of swollen 
hemorrhoids. Now, fast relief 
through the triple action 

of Corticaine’ Cream: 


L] Dibucaine to relieve pain 
A powerful topical anesthetic that promptly 
blunts piercing pain 

C Hydrocortisone to reduce inflammation 
Shrinks swollen hemorrhoidal tissue and exerts 
effective antipruritic action to relieve itching 


C] Menthol for a soothing, cooling effect 
Cooling action rapidly alleviates the burning 


ORTICAINE 


HENG CR E, A M hydrocortisone acetate 0.5% 
and dibucaine 0.9% 
Please see next page for a brief summary 


of Prescribing Information F only, for effective relief of hemorrhoidal symptoms 
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OF PRODUCT INFORMATION 


CORTICAINE® Cream 
(hydrocortisone acetate and dibucaine} 


INDICATIONS AND USAGE: CORTICAINE Cream is indicated 
for the relief of the inflammatory marufestations of cortico- 
Siero responsive dermatosis, When combined with other 
recopnized therapeutic measures. it is recommended for 
the symptamalec relief af neheng, pam. and orretation af 
certain ancarectal, anogenital. and dermatological cond) 
tons. On the skin, it offers symptomatic relief in atopic 
demna, Sumac or ivy dermatiis, mud sunburn, runar 
Burns. Insect bites, prickly heat, eczema, post-anal sur 
gery, diaper rash, and infertrizo. When introduced inte the 
rectum, i helps fo releve the itching, gain, and intiamma 
vor of internal hamorrheds, as well as the anorectal dis 
comfort of associated conditions such as proctitis, 
DANS and cryptliis. When aophed penanally, it can pro 
vide symptomatic relief from pruritus anand external hem. 


anhouds 


CONTRAINDICATIONS: Local tuberculosis. fungal and viral 


infections. Topes! stered and local anesthetics are con. 








Lraindicated in those patients with a histery of hypersensi- 
uvity to any of the components of the preparat 
recommended for use in such diseases gs pemphigus ari 


or eee a tem oe ETER 
discoid lupus erythematosus 


PRECAUTIONS: General: Avoid use in the eyes. Do not apply 


fo extensive areas for prolonged penods or wih occlusive 


Not 





dressings as there may be increased systemic absorption of 
fhe ingredhenis. If entabon develops, the product should 
be ciscantinued and appropriate therapy instituted. In the 
presence of a secondary bactenal infection, the use of an 
appropriate antibacterial agent should be instrtuted. if 4 
favorable response does not occur promptly, thes prepara- 
ven shouid be discontinued until the infection has been 
adequatel, Hroted. Shauld nat be used rectally without 
adequate proctologic @xamination, Not to be used with 
3 


anorectal fistulas ar 









d abscesses, 


Usage in Pregnancy: Although topical steroids have nol 
been reparted to have an adverse effect on human meg 
nancy the safety of their use in pregnant women has not 
been absolutely established. in laboratory animals, 
mncreases moincidence of fetal abnormalities have been 
associated with exposure of gestating females to tonical 
tarhicasterods.-.i1 some cases, at rather low dosage levels 
Therefore, drugs of this class should nof be used exten 
sively On pregnant patients, in large amounts, ar for oro 
longed pends of time 

ADVERSE REACTIONS: The following focal adverse reactions 
have been reported with fomcal corticosteroids, especially 
under occlusive dressings: burning sensations, itching, 
itatian, dryness. folltculitis, hypertrichosis, acne-form 
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-YOU CAN 

FIGHT CANCER 
BEFORE YOU 

GET IT. 


OR AFTER 
YOU GET IT. 


Its a lot easier to fight cancer 
before you get it. 

Scientists estimate that up to 60% 
of all cancer could be prevented. 

By simply making a few changes 
in your lifestyle. 

By not getting too much sun. By ` 
not smoking cigarettes. By not 
overeating. And by following a diet 
high in fiber and low in fat. 

By simply doing these few things, 
you could drastically reduce your 
risk of getting cancer. 

Sure, you coul 
still get cancer. 

But why not give SP CANCER 
yourself the odds SOCIETY ` 


against it? Help us keep winning. 
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Extension of Wilms’ tumor through the inferior vena cava into 
the heart presents a formidable clinical challenge. Excision of 
such a tumor without provoking emobilization may require car- 
diopulmonary bypass (CPB). The completeness of excision and 
the likelihood of tumor embolization during operation guide sub- 
sequent radiation therapy (RT) and chemotherapy. To help define 
these issues, the clinical records of 15 patients enrolled in three 
National Wilms’ Tumor Studies (NWTS) who had intracardiac 
tumor extension (ICE) were reviewed. The median age at diag- 
nosis was 4 years. One patient had clear cell sarcoma (CCS); 
the remainder had favorable histologic findings (FH). The clin- 
icopathologic stage was stage II in one patient, stage III in eight 
patients, and stage IV in six patients. ICE was detected before 
operation in six patients, during operation in five patients, and 
after operation in five patients. CPB was used in 10 patients. 
Eleven patients (73%) had operative complications, with major 
intraoperative hemorrhage occurring most often (six patients). 
Complications occurred less often when ICE was recognized be- 
fore operation (three of six patients) than when it was not (eight 
of nine patients). Embolization occurred in only two patients. 
There were no operative deaths. The patient with CCS died. 
Eleven of 14 patients with FH survived, with an actuarial event- 
free, 2-year survival rate of 86%. There were no patients in the 
first NWTS. Of the six patients in the second NWTS (NWITS- 
2), four died (67%). All nine patients in the third NWTS (NWTS- 
3) survived, but follow-up was shorter (median 4 years 9 months 
ys. 2 years 7 months). No particular surgical procedure was as- 
sociated with an increased death rate. This review suggests (1) 
Wilms’ tumor with ICE presents a formidable surgical under- 
taking but has a relatively good prognosis. (2) Embolization is 
an uncommon event in ICE (two patients, 13.3%), allowing a 
planned operative approach. Echocardiography and ultrasonog- 
raphy provide accurate preoperative diagnosis. And (3) ICE 
should be suspected in patients with extensive vena cava throm- 
bosis or who have hypotension or heart failure during exami- 
nation or surgery. 
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X TENSION OF WILMS’ TUMOR into the vena cava 
presents a technical challenge to the surgeon, but 
there is an excellent chance for cure.'? If the tu- 

mor thrombus can be removed intact and without em- 
bolization, it can be considered stage II if the patient is 
otherwise free from nodal or distant metastases. Rarely, 
the tumor thrombus extends into the heart, and removal 
requires cardiopulmonary bypass (CPB). For clarification 
throughout this report, the staging system for classification 
of tumor used for patients in the third study of the Na- 
tional Wilms’ Tumor Studies (NWTS) (NWTS-3), in ab- 
breviated form, is: stage I—confined to the kidney and 
completely excised; stage Il—penetrates capsule, but is 
completely excised: stage [1]—residual tumor or positive 
lymph nodes; stage [V—remote metastases. The purpose 
of this review is to determine how intracardiac tumor ex- 
tension (ICE) complicates treatment of these patients and 
how it affects prognosis. 


Clinical Material 


Fifteen of the 2280 patients (0.7%) enrolled in the first 
three National Wilms’ Tumor Studies (NWTS) had ICE. 
Their clinical records form the basis of this report. 


Results 


The group comprised nine boys and six girls, ranging 
in age from 2 years 2 months to 14 years (mean age: 3 
years 6 months). Table 1 lists their presenting signs and 
symptoms. Only one patient had cardiac symptoms (hy- 
potension and murmur) noted before radiologic or other 
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TABLE 1. Symptoms and Signs at Presentation* 


No. of 
Patients 


er 


ma nd oe UA oe 


Abdominal mass 
Hypertension 

Gross hematuria 

Ascites 

Pieural effusion 
Abdominal pain 
Hepatomegaly 
Hypotension and murmur 


* Patients may have had one or more of the symptoms and signs 
listed. 


imaging studies. Eight patients had right-sided tumors, 
seven had left-sided tumors. 

Preoperative evaluation revealed ICE in six patients, 
using inferior vena cavography (IVC) and cardiac an- 
giography and noninvasive imaging including comput- 
erized tomography (CT) and ultrasonography (US). Of 
the six patients, noninvasive imaging detected ICE in two 
patients. Preoperative IVC, CT, and US did not detect 
ICE in five patients. These studies were not performed in 
four patients and thus ICE was not detected before op- 
eration. 

The surgeon discovered a previously undiagnosed ICE 
during laparotomy in five patients. When a tumor throm- 
bus that extended above the diaphragm was recognized, 
sternotomy (two patients) or right thoracotomy (three pa- 
tients) provided exposure of the right atrium. The tumor 
thrombus was manually reduced into the inferior vena 
cava while a balloon catheter was inserted into the inferior 
vena cava and extracted tumor thrombus piecemeal from 
below in all five patients. No patients needed CPB or atri- 
otomy. There were no operative deaths, but two patients 
died 5 and 8 months after operation, respectively. The 
first patient died of septic complications after chemo- 
therapy and the second patient died of pulmonary relapse. 

ICE was not recognized in four patients until the post- 
operative period. In one patient, a brief episode of unex- 
plained intraoperative hypotension led to cardiac cathe- 
terization the next day. Residual atrial thrombus and pul- 
monary tumor emboli were present and removed by 


TABLE 2. Operative Complications*® 





No. of 

Patients 
Operative blood loss (>4 units) 6 
Wound dehiscence or infection 3 
Chylothorax or chylous ascites 3 
Intraoperative hypotension 2 
Tumor embolism 2 
Congestive heart failure 2 
Cardiac arrest i 
Other 3 





* Patients may have had more than one of the listed complications. 
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atriotomy and pulmonary arteriotomy under CPB. 
Congestive heart failure developed after operation in two 
patients who then had cardiac catheterization and echo- 
cardiography, respectively. Both had residual atrial tumor 
thrombus and one patient also had a pulmonary tumor 
embolus. The two patients underwent CPB for atrial tu- 
mor removal on the lith and 16th postoperative days. 
Records are incomplete for the fourth patient, who un- 
derwent a second operation for atrial tumor removal on 
the 10th postoperative day. There were no operative 
deaths in this group. One patient died 5 years 6 months 
after operation, after having a hepatic resection for hepatic 
recurrence at 3 years 4 months after the initial diagnosis. 

The six patients in whom ICE was diagnosed before 
operation underwent CPB as part of their original oper- 
ation. This allowed direct exposure and removal of the 
intracardiac tumor and balloon catheter extraction of 
caval thrombus into the right atrium from above. Sub- 
hepatic intracaval thrombus was removed from below 
through a venotomy at the site of the renal vein. Again, 
there were no operative deaths in this group. One child 
with stage II clear cell sarcoma (CCS) died, and is discussed 
more completely below. 

Eleven patients (73%) suffered operative complications, 
which are listed in Table 2. Complications occurred less 
often when ICE was recognized before operation (three 
of six patients) than when it was recognized during or 
after operation (eight of nine patients). Pulmonary tumor 
embolism occurred in two patients in whom ICE was not 
recognized until after operation. Intraoperative hypoten- 
sion occurred in two patients, one of whom suffered car- 
diopulmonary arrest. ICE had not been recognized before 
operation in either patient. Three patients had late com- 
plications: small bowel obstruction; adrenal insufficiency 
that required cortisol and mineralocorticoid replacement: 
and thrombosis of the inferior vena cava that caused post- 
sinusoidal portal hypertension and esophageal variceal 
hemorrhage that required distal splenorenal venous anas- 
tomosis for decompression. There were no operative 
deaths. 

One patient had stage H CCS. The patient was a 14- 
year-old boy who underwent a combined abdominal and 
cardiac procedure to remove a Wilms’ tumor. The patient 
received actinomycin D and vincristine after operation 
but had a pulmonary relapse at 8 months and died despite 
receiving radiotherapy (RT) to the lungs. The patient had 
metastases in the brain, liver, and lungs at autopsy. Be- 
cause the histologic finding was CCS, this case will be 
excluded from further discussion, but early management 
of ICE was successful. 

The remaining 14 patients had favorable histologic 
findings (FH); eight had stage III and six stage IV disease. 
Table 3 lists their clinicopathologic characteristics. Of the 
six patients with stage IV tumors, four had bilateral lung 
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metastases, two had pulmonary emboli, two had positive 
extra-abdominal lymph nodes, one had residual tumor in 
the atrium, and one had hepatic metastases. 

There were no FH patients with ICE in the first study 
of NWTS (NWTS-1), but there were five patients with 
ICE in the second study of NWTS (NWTS-2) and nine 
in NWTS-3. All patients received RT to the tumor bed 
(ten patients) and to the whole abdomen (four patients). 
Twelve patients also received RT to the chest, seven pa- 
tients received RT to the lower mediastinum, and five 
patients received RT to the lungs. Table 4 summarizes 
the results of multimodal therapy in each study. Two pa- 
tients with FH suffered relapse, one in the lung at 8 months 
and one in the liver at 3 years 4 months. The patient with 
pulmonary relapse died as did the patient with hepatic 
relapse despite trisegmentectomy at 5 years 6 months after 
original diagnosis. One patient died of Klebsiella and 
Candida sepsis 5 months after diagnosis of stage HI FH 
Wilms’ tumor. A total of three patients with FH died 
during NWTS-2 (Table 4). For the 14 patients with FH, 
the actuarial event-free survival rate at 2 years was 86%. 


Discussion 


Extension of Wilms’ tumor through the inferior vena 
cava into the right atrium represents a formidable clinical 
challenge. A rare occurrence (only 0.7% of 2280 patients 
of the NWTS), ICE went undetected before operation in 
most of the 15 patients studied despite using modern im- 
aging studies. When ICE was recognized during operation, 
the intracardiac tumor was removed through an IVC in 
all instances. Although atriotomy offers the optimal tech- 
nique for removing an intracardiac tumor,’ the proce- 
dure requires CPB, and the necessary apparatus and qual- 
ified personnel are not always available at the time ICE 
is recognized. In four of the patients studied, the intra- 
abdominal tumor was resected but the intracardiac tumor 
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TABLE 3. Pathologic Characteristics of 14 Patients with ICE 


No. of 
Patients 








mest 
< 
D oO 


Lad 
+ 
Pa Un a be 


Operative spill 
None 
Local 
Diffuse 
Preoperative rupture 


Capsule 
Intact 
Infiltrated 
Penetrated 
Unknown 


NM La md P 


me UR ta 1 


Lymph nodes 
Negative 
Positive 
Unknown 


tr Gas OR 





* 14+: ICE that just entered the atrium. 

2+: ICE that partially filled the atrium, but not near the tricuspid 
valve (TV). 

3+: ICE adjacent to TV. 

4+: ICE extended into TV or beyond. 


was left, and cardiac extraction was perfomed 1-16 days 
later. Tumor embolism occurred in two patients in whom 
ICE was not recognized during the first operation. Al- 
though there were no operative deaths, the morbidity rate 
was high, with major operative complications occurring 
in 73% of patients. 

Removal of the intracardiac Wilms’ tumor was a sub- 
stantial surgical undertaking even when ICE was recog- 
nized during preoperative evaluation. The operative ap- 


TABLE 4. Number of Survivors and Deaths Using Chemotherapy in Patients in NWTS-2 and NWTS-3" 


Follow-up of Survivors 


Drugst Survivors Deaths (Range; Mean) 
NWTS-2 
Stage HI AMD and VCR 0 i 
AMD, VCR, and ADR | 0 
Stage IV AMD and VCR | l 
AMD, VCR, and ADR 0 l 
Total 2 3 4 yr 5 mo-5 yr 1 mo; 4 yr 9 mo 
NWTS-3 
Stage IHH AMD and VCR 2 Q 
AMD, VCR, and ADR 4 0 
Stage IV AMD and VCR 0 0 
AMD, VCR, and ADR 2 0 
AMD, VCR, ADR, and CPM 1 0 
Total 9 0 11 mo-4 yr 5 mo; 2 yr 7 mo 


I rpuhe eaea 


* Overall actuarial event-free, 2-year survival rate was 86%. 
+ All patients received radiation therapy. 


AMD = actinomycin D; VCR = vincristine; ADR = Adriamycin; 


CPM = cyclophosphamide. 
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Fic. i. Ultrasound examination of an 8-year-old patient with ICE of a 
left-sided Wilms’ tumor. Tumor thrombus is within the right atrium 
(arrows), Ultrasonogram courtesy of William Ortega, M.D. 


proach involved CPB in all patients with removal of in- 
tracardiac and caval tumor thrombus via the right 
atriotomy. The morbidity rate was 50%, and the most 
frequent complication was major hemorrhage. 

Despite the operative risk, prognosis for survival is fa- 
vorable. Multimodal treatment that combined resection, 
RT, and chemotherapy along NWTS guidelines’ resulted 
in a 2-year, relapse-free survival rate of 86% for the 14 
patients with FH. This compares favorably with NWTS- 
3 results, in which patients with stage II tumor had a 
78% survival rate and patients with stage IV tumor had 
a 72% survival rate. Thus, caval extension of tumor 
thrombus into the right atrium did not affect patient sur- 
vival. The results were no different whether ICE was dis- 
covered before, during, or after operation, even though 
technical problems such as bleeding, hypotension, and 
embolization occurred more often when ICE was not rec- 
ognized before operation.*:”* 

Clinical findings related to intracaval extension of 
Wilms’ tumor have been reviewed by Grosfeld and We- 
ber.” Thrombus in the vena cava may cause varicocele, 
albuminuria, hematuria, and hypertension if the midcava 
is obstructed. Ascites and hepatic dysfunction result from 
obstruction of the inferior vena cava above the hepatic 
veins. Congestive heart failure, cardiac murmurs, or elec- 
trocardiogram (EKG) changes occur with obstruction of 
the nght atrium. Even then, ICE may be clinically asymp- 
tomatic, it was not suspected in most of the patients we 
studied. Intracaval extension should be suspected if in- 
travenous pyelography shows poor or absent function. 
Although IVC may demonstrate the thrombus, false-pos- 
itive and false-negative findings are common. A carefully 
performed US accurately identifies thrombus in the vena 
cava as a diffuse array of fine echoes within the vessel. 
The thrombus can be delineated throughout its length up 
into the heart (Fig. 1). Echocardiography may give better 
definition of cardiac wall motion, particularly if symptoms 
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of heart failure are present. CT of the chest can also dem- 
onstrate intracardiac tumor, but US is preferred because 
of convenience, accuracy, and expense. CT of the chest 
is most useful for detecting small pulmonary metastases. 
Certain findings suggest ICE even when findings at pre- 
operative evaluation were normal. Unexplained hypoten- 
sion with hemorrhage occurring either during or after op- 
eration may suggest tumor thrombus or embolism. De- 
pending on the clinical situation, this may require 
examination of the chest or cardiac catheterization. Ex- 
cessive bleeding or dilated superficial and retroperitoneal 
collaterals suggests that caval thrombosis is present. 

Luck et al? and Grosfeld and Weber’ suggest that a 
planned, combined thoracoabdominal approach using 
CPB is the safest and most efficient method of removing 
Wilms’ tumor with ICE. Both authors described similar 
techniques. A midline abdominal incision allows exten- 
sion into a midsternotomy and avoids abdominal wall 
collaterals that may be present. The affected kidney, ure- 
ter, and renal artery are mobilized and resected before 
heparinization for CPB. CPB is then done using cannulas 
inserted into the superior vena cava and the aorta. The 
atrium is opened and the tumor is removed, The tricuspid 
valve orifice is inspected for extension of tumor into the 
ventricle or the presence of residual tumor. The pulmo- 
nary artery is palpated for tumor thrombus, which is re- 
moved by a pulmonary arteriotomy. The atrial orifice of 
the inferior vena cava is inspected, and tumor is removed 
with a Foley or Fogarty balloon catheter. The same ma- 
neuver can be performed via the renal vein stump or 
through a cavotomy, clearing the cava from both above 
and below. Acute hypotension suggests massive pulmo- 
nary tumor embolism, and sternal exposure allows pul- 
monary embolectomy, which may be lifesaving. 

A small projection of tumor into the right atrium can 
be reduced into the intrapericardial vena cava, where a 
Rumel tourniquet or vascular clamp can be applied. This 
may obviate CPB, but hypotension may result if the in- 
ferior vena cava has significant blood flow. C ummings 
and associates’ described their approach in an adult pa- 
tient with supradiaphragmatic extension of a renal cell 
carcinoma. They placed their patient ina 20-degree Tren- 
delenberg position, cross-clamped the aorta above the ce- 
liac axis, and clamped the porta hepatis. Once adequate 
cardiac filling pressure (pulmonary wedge pressure of 15 
mmHg) and systemic blood pressure (systolic blood pres- 
sure of 120 mmHg) were obtained, they pushed the apex 
of the tumor down the vena cava and applied a Rumel 
tourniquet above it. Thrombectomy required a total aortic 
cross-clamp time of 14 minutes. No heparin was admin- 
istered. This technique allows perfusion of the upper torso 
while maintaining normothermic circulatory arrest of the 
lower torso. Clamping the porta hepatis (Pringle maneu- 
ver) limits hepatic blood flow, limiting the blood loss from 
the hepatic veins during thrombectomy of the retrohepatic 
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cava, a technique that Clayman and coworkers also sug- 
gest.'° However, Grosfeld and Weber’ believe that neither 
suprahepatic aortic occlusion nor the Pringle maneuver 
is necessary when removing caval tumor thrombus. 

Whole lung irradiation is indicated for pulmonary me- 
tastases. Grosfeld and Weber” suggest that all patients with 
intracaval tumor extension probably have micrometas- 
tases to the lungs and should be considered for such treat- 
ment. Of the 11 patients with FH who did not have pul- 
monary metastases, only two received whole lung irra- 
diation. One of the two patients had intraoperative tumor 
embolism, but has survived without recurrence 5 years 
after diagnosis. The other patient has survived | year 
without recurrence. Seven patients received radiation 
therapy to limited mediastinal or lower thoracic fields. 
Two of the seven patients died. One patient died of sepsis 
during chemotherapy, and one died of hepatic relapse. 
Two patients did not receive RT of the chest and both 
had no evidence of disease 2 years 10 months and 4 years 
5 months after operation, respectively. These data suggest 
that in the absence of radiologically detectable pulmonary 
metastases, whole lung irradiation therapy may not be 
necessary. 

All four deaths occurred in NWTS-2, whereas all nine 
patients in NWTS-3 survived for periods ranging from 
11-53 months, but the follow-up period of NWTS-3 is 
shorter. Still, the apparently better survival rate may be 
the result of the more intensive chemotherapy used in 
NWTS-3, although with samples as small as these, it is 
impossible to draw conclusions regarding treatment dif- 
ferences between patients in NWTS-2 and NWTS-3. It 
seems most likely that the prognosis is independent of 
the presence of ICE, and instead depends on the stage 
and histologic features of the tumor. 

ICE is a rare complication of Wilms’ tumor and may 
go unrecognized even after nephrectomy. It should be 
suspected in patients who have extensive vena caval 
thrombosis or who have hypotension or heart failure dur- 
ing examination or surgery. Because of the favorable long- 
term prognosis and the high rate of significant operative 
risks, accurate preoperative diagnosis of ICE 1s of prime 
importance. Although tumor embolism is always a risk, 
this seldom occurs before operation; therefore, appropriate 
preparations for operation can be made. These prepara- 
tions include placing large-bore intravenous cannulas in 
the upper extremity and the availability of CPB. CPB al- 
lows control of the ICE and minimizes the risk of hem- 
orrhage, embolism, and tricuspid valve obstruction. CPB 
and intracardiac exposure are probably the safest methods 
for removing the tumor completely without intraoperative 
embolization. The results indicate that a planned ap- 
proach is preferable to an unplanned intraoperative or 
delayed postoperative management. 

In all probability, prognosis of Wilms’ tumor that ex- 
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tends into the heart is mainly a function of the histologic 
features and extent of disease at diagnosis. This presup- 
poses that aggressive multiagent chemotherapy and RT 
as indicated are added to surgical removal of the tumor 
and its intracardiac extensions. We conclude from this 
analysis that although Wilms’ tumor with ICE presents a 
formidable surgical challenge, it has a relatively good 
prognosis. 
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The role of barrier mucus in mediating the protective effects of 
16,16 dimethyl! PGE, (dm PGE,) against ethanol-induced gastric 
injury, with and without concomitant treatment with N-acetyl- 
cysteine (NAC), a potent mucolytic agent, was evaluated. Fasted 
rats were orally administered either saline, 10 ug/kg dm PGE, 
20% NAC, or 10 ug/kg dm PGE, plus 20% NAC. In the first 
study, the rats were killed 15 minutes later and their stomachs 
were removed and assayed for barrier mucus adherent to the 
gastric wall using the Alcian blue technique. In the second study, 
the rats were orally given 2 mL of absolute ethanol (EtOH) after 
receiving one of these pretreatment regimens, and 5 minutes 
later they were killed and their stomachs were evaluated his- 
tologically by light microscopy for the magnitude of EtOH injury. 
Although NAC significantly reduced the thickness of barrier 
mucus by 76% when compared with control animals, it did not 
adversely affect the ability of dm PGE, to spare the deep epi- 
thelium from injury by EtOH. In fact, NAC was as effective a 
protective agent as dm PGE,. Neither agent prevented damage 
to the surface epithelium by EtOH, verifying previous studies 
regarding the protective effects of prostaglandins. These results 
indicate that both dm PGE, and NAC prevent EtOH-induced 
damage to the deeper layers of the gastric mucosa independent 
of mucus gel layer thickness, suggesting that other mechanisms 
than mucus are involved in mediating this protection. 


ONSIDERABLE CONTROVERSY EXISTS regarding 
the role of mucus in the prevention of gastric 
mucosal injury.” Published reports indicate 

conflicting findings with respect to the output of gastric 
mucus in stomachs that have been exposed to damaging 
agents such as aspirin, ethanol, and hypertonic NaCl, as 
well as protective agents such as sulfhydryl drugs and 
prostaglandins (PGs).** Such studies demonstrate that 
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the thickness of the mucus gel covering the epithelium 
can be influenced by the application of various damaging 
and protective agents.*’?; however, the actual impor- 
tance of mucus in mediating the protective effect of an 
agent such as PG has yet to be established. 

Current knowledge indicates that gastric mucus exists 
in two forms: one form adherent to the mucosal surface 
(“barrier mucus”), and a second free-flowing form within 
the luminal bathing solution (“free mucus’”’).2>* Barrier 
mucus appears to be the more important form and has 
been proposed to be the component of mucus that is di- 
rectly involved in mucosal defense.” Free mucus, on the 
other hand, seems to be derived from desquamated cells 
and/or secretory products of surface mucus cells with little 
or no protective properties. The current study investigated 
the role of barrier mucus in the prevention or attenuation 
of ethanol damage in the stomachs of rats as evaluated 
histologically when rats were pretreated with 16,16 di- 
methyl PGE, (dm PGE;) alone or in combination with 
N-acetyl-cysteine (NAC), a potent mucolytic agent that 
reduces the thickness of barrier mucus .*:'!° Additionally, 
there is strong evidence that sulfhydryl compounds me- 
diate the gastric protective effects of PGs and that ethanol 
damage to gastric mucosa is associated with decreased 
tissue levels of sulfhydryl compounds.!'!!? Since NAC is 
a sulfhydryl agent, the possibility that this compound itself 
protects against ethanol damage independent of mucus 
secretion was also investigated. 


Methods and Materials 


Female Sprague-Dawley rats, with an average weight 
of 200 g, were fasted overnight in cages with wire mesh 


à 


gt 
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bottoms to prevent coprophagia. On the day of experi- 
mentation, each rat was randomly assigned to one of four 
groups and received a 1.0-mL oral bolus by orogastric 
intubation of either physiologically normal saline, 10 yg/ 
kg of dm PGE, in saline, 20% NAC in saline, or 10 ug/ 
kg of dm PGE; in combination with 20% NAC. The con- 
centration of dm PGE, used in this study was chosen 
because subcutaneous administration of this dose has been 
shown in studies in our laboratory to prevent deep mu- 
cosal injury induced by absolute ethanol,'* suggesting that 
it should possess a similar action when given orally. A 
concentration of 20% NAC was used because it possesses 
effective mucolytic properties.*”'° All solutions were 
buffered to pH 7.4; this pH was necessary to maintain 
NAC in solution. 

Fifteen minutes after the administration of these treat- 
ment regimens, the rats were killed by cervical dislocation 
and their stomachs were removed to measure mucus ad- 
herent to the gastric surface epithelium using Alcian blue, 
a cationic histologic dye that binds glycoproteins and sol- 
uble mucopolysaccharides into insoluble complexes 
without penetrating mucosal cells.*'* Dye quantitation 
was performed using the method described by Corne et 
al.'4 The stomachs were opened along the lesser curvature, 
the glandular portion excised and everted, and soaked for 
2 hours in 10 mL of 0.1% Alcian blue dissolved in 0.16- 
mol/L sucrose and 0.05-mol/L sodium acetate, at pH 5.8. 
After three washes in 0.25-mol/L sucrose to remove the 
uncomplexed residue, the dye bound to the surface barrier 
mucus was eluted by immersion of the glandular stomach 
in 10 mL of 0.5-mol/L MgCl, for 2 hours. The resulting 
solutions were shaken with equal volumes of diethyl ether 
and the aqueous phase read on a Beckman spectropho- 
tometer (Model 35, Beckman Instruments, Inc., Fullerton, 
CA) at 605 nm. The Alcian blue recovery recorded as 
optical density was converted to ug/mL of dye bound to 
the mucosal surface by comparison with a standard curve 
obtained from dilution of 0.1% Alcian blue solution. A 
previous study has shown that Alcian blue and mucus 
combine in constant proportions. '* 

In a second series of experiments, the rats were again 
randomly assigned to each of the previously described 
four groups and subjected to one of these treatment pro- 
tocols. Fifteen minutes later, at the time the rats in the 
first series of experiments were killed and mucus determin- 
ations made, this second group of rats instead received an 
oral bolus of 2 mL of absolute ethanol. Five mintues after 
this damaging agent was given, they were killed by cervical 
dislocation. This time of killing the rats was chosen be- 
cause previous studies have shown that 5 minutes after 
ethanol exposure widespread mucosal damage is present 
in the rat stomach, without evidence of healing.'*'° 

At the time the rats were killed in these experiments, 
their stomachs were quickly exposed through a midline 
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laparotomy, ligated at the pylorus and the gastroesopha- 
geal junction, injected for fixation with 2 mL of half- 
strength Karnovsky’s fixative'® through a small puncture 
wound in the forestomach just distal to the proximal lig- 
ature, removed, and then placed in additional fixative for 
24 hours. At the end of this time, the stomachs were 
opened along the lesser curvature, the mucosal surface 
was inspected for gross evidence of injury, and two sam- 
ples were obtained and coded for light microscopic eval- 
uation. The location of the samples taken was standard- 
ized; both were excised from the midline region along the 
greater curvature, one just below the limiting ndge of the 
forestomach, and the other just proximal to the antrum 
as previously described.'? Sections were embedded in 
paraffin, stained with hematoxylin and eosin, mounted 
on glass slides, and evaluated for extent and depth of mu- 
cosal injury. Criteria for scoring the depth of injury have 
been described in detail previously.'* Briefly, surface mu- 
cus cell damage and/or necrosis was indicated by cyto- 
plasmic vacuolization or swelling, or nuclear pyknosis 
and/or swelling, with margination of nuclear chromatin. 
Lucent cytoplasm and pyknotic nuclei indicated parietal 
cell damage. Gland dilation, hyperemic vessels, and hem- 
orrhage were indications of deeper glandular injury. Type 
| damage involved interfoveolar surface mucus cells only. 
If gastric pit surface mucus cells were also involved, the 
classification was Type 2. Injury extending from luminal 
cells through gastric pit cells and including as much as 
one third of the depth of the gastric glands was classified 
as Type 3. The most severe necrotic injury that extended 
deeper into the gastric glands below the upper third was 
designated Type 4. Scores for each type of damage from 
the two samples from each rat were averaged to give single 
values for that stomach, and results were expressed as per 
cent + SEM for each of four categories of depth of cellular 
injury for all experimental groups. 

For both mucus and gastric injury studies, statistical 
evaluation was performed using analysis of variance; p 
< 0.05 was considered significant. 


Results 


Results of the mucus assay are shown in Figure |. By 
itself, dm PGE, did not stimulate an increase in the 
amount of mucus adherent to the gastric glandular surface 
15 minutes after pretreatment, at the time when absolute 
ethanol was administered in the gastric injury study. Ac- 
tually, a slight decrease in barrier mucus was noted in 
rats treated with dm PGE- when compared with control 
rats, although differences between these two groups were 
not statistically significant. Both groups treated with NAC, 
however, regardless of concomitant dm PGE; treatment, 
showed an average reduction of 76% in the bound layer 
when compared with control rats, which was significant. 
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ALCIAN BLUE DYE BOUND 
TO SURFACE MUCUS (ug/m!) 


SALINE PG NAC PO + NAC 


TREATMENT 


FiG. 1. Results of Alcian blue mucus assay expressed as ug/ml. of dye 
bound to gastric barrier mucus layer {5 minutes after orally administering 
saline, PG (10 ug/kg dm PGE, treatment), NAC (20% NAC treatment), 
and PG + NAC (10 ug/kg dm PGE, plus 20% NAC treatment). N = 6 
for each experimental group, *p < 0.025 compared with saline. 
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FIG. 2. Effect of prostaglandin and/or NAC pretreatment on the depth 
of gastric injury in rats killed 5 minutes after 2-mL. oral EtOH admin- 
istration. There was no Type 1 injury in rats treated with Sal/EtOH and 
no Type 4 injury in any of the other experimental groups. Sal/EtOH 
= oral saline followed by 100% ethanol, PG/EtOH = oral 10 pg/kg dm 
PGE; followed by 100% ethanol, NAC/EtOH = oral 20% NAC followed 
by 100% ethanol, PG + NAC/EtOH = oral 10 ug/kg dm PGE; plus 20% 
NAC followed by 100% ethanol. N = 6 for each experimental group. 


Fic. 3. Light micrograph 
showing Type 3 injury in rat 
gastric mucosa exposed to 
physiologic saline followed 
15 minutes later by 100% 
ethanol. A sheet of mucus 
(M) and exfoliated pit and 
interfoveolar surface mucus 
cells (arrows) are shown 
within the gastric lumen (L). 
Collapsed remnants of gastric 
pits (double arrows) lead into 
dilated gastric glands (G). 
Parathn-embedded, hema- 
toxylin and eosin stain, 
(x230). (Inset) Light micro- 
graph showing the mucosal 
surface from a region of ne- 
crotic (Type 4) damage. Cell 
nuclei are contracted and 
pyknotic and cell cytoplasm 
is shrunken (arrows). L 
= Gastric lumen, P = gastric 
pit, (x575). 


Ann, Surg. » December 1986 








Vol. 204 » No. 6 


Fic. 4. Light micrograph 
showing gastric mucosa ex- 
posed to 10 ug/kg dm PGE, 
followed 15 minutes later by 
100% ethanol. The mucosal 
histoarchitecture appears 
relatively undisturbed al- 
though the upper gland lu- 
mina are dilated (double ar- 
rows) and some cells contain 
large vacuoles (arrows). L 
= Gastric lumen. Paraffin- 
embedded, hematoxylin and 
eosin stain, (x230). (Inset) 
Higher magnification of a re- 
gion showing cell injury in 
surface mucus cells and up- 
per gland cells (arrows). L 
= Gastric lumen, (575). 


Results of light microscopic evaluation in the various 
experimental groups are shown in Figure 2. A detailed 
histologic description of rats exposed to absolute ethanol 
(EtOH) has been published previously by our laboratory. '* 
The current study confirms both the quality and distri- 
bution of EtOH damage as detailed in our previous re- 
port.'? Hemorrhagic macroscopic lesions were noted in 
all control rats pretreated with saline receiving ethanol in 
the current study. Microscopically, the deeper Types 3 
and 4 damage predominated in this group, representing 
70.2% and 27.0% of the mucosa, respectively, with no 
histologic evidence of normal epithelium 5 minutes after 
EtOH exposure (Fig. 3). Although only 0.2% of mucosa 
was normal in rats treated with dm PGE, the depth of 
injury was altered significantly, with 72.4% of the mucosa 
having Type 2 damage (Fig. 4). The amount of Type 3 
damage was only 22.8%, and Type 4 damage was com- 
pletely absent in this group. If the stomachs of rats were 
pretreated with 20% NAC before EtOH, the distribution 
of damaged cells was virtually identical to that seen with 
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PG, the predominant injury again being Type 2 (63.3%), 
with some Type 3 (36.6%); normal cells and Type 4 dam- 
age were absent in this group (Fig. 5). NAC and PG in 
combination proved to be as protective but not more so 
than either agent given alone (Fig. 6). Macroscopically, 
the protection seen in these three groups (/.e., PG alone, 
NAC alone, and PG plus NAC) was reflected by an ab- 
sence of the gross lesions that were typical in the control 
rats pretreated with saline and exposed to EtOH. 


Discussion 


In a previous study from our laboratory,'’ we observed 
that dm PGE, when administered subcutaneously, sig- 
nificantly reduced the depth of gastric injury induced by 
absolute ethanol in the rat stomach when examined mi- 
croscopically 5 minutes after exposure to this damaging 
agent. The current study demonstrates that oral admin- 
istration of this PG analog is equally efficacious in pre- 
venting deep mucosal injury by ethanol. Although the 
surface epithelium was not spared from injury by dm 
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PGE, in either study, confirming the work of other in- 
vestigators,'*'”'* the ability of dm PGE, in both studies 
to greatly reduce the depth of injury and virtually elimi- 
nate the formation of necrotic lesions commonly seen in 
alcohol injury reaffirms the remarkable protective prop- 
erties of the PGs. 

Although mucus production has been a popular hy- 
pothesis to explain the mechanism by which PGs mediate 
their protective effects, this study confirms other reports 
indicating that the thickness of barrier mucus, that com- 
ponent of mucus believed to be important in gastric mu- 
cosal defense, either is not altered by PGs, or any observed 
alterations do not coincide with the presence or absence 
of mucosal injury. Bolton and colleagues,’ for example, 
did not measure any increase in gastric barrier mucus in 
rats after either oral or intravenously administered natural 
PGE, or the prostaglandin analogs 1S-methyl PGE; and 
dm PGE). Similarly, Robert and associates’ noted no en- 
hancement of mucus gel thickness with oral administra- 
tion of natural PGE, or synthetic dm PGE, in the rat even 
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Fic. 5. Light micrograph 
showing gastric mucosa ex- 
posed to NAC followed 15 
minutes later by 100% 
ethanol. The histoarchitec- 
ture of the gastric mucosa is 
minimally affected by the in- 
jurious agent. Injury to some 
surface mucus cells causes the 
zone between adjacent glands 
to assume a pinched appear- 
ance (arrows). Gastric glands 
are dilated (double arrows). 
L = Gastric lumen. Paraffin- 
embedded, hematoxylin and 
eosin stain, (X230). (Inset) 
Higher magnification of the 
gastric mucosa. Injured sur- 
face mucus cells contain 
pyknotic nuclei and frayed 
apical cell surfacers (arrows). 
L = Gastric lumen, (X575). 


though both of these agents prevented macroscopic 
ethanol injury. Although McQueen et al.° found that in- 
tragastric dm PGE, induced an increase in mucus gel 
thickness as measured micrometrically by inverse micro- 
scopic viewing before exposure to various damaging 
agents, they concluded that the physical dimensions of 
the pH gradient provided by this mucus gel and the rel- 
atively unimpeded permeability to agents such as aspirin, 
ethanol, and hydrogen ion were insufficient deterrents in 
preventing damage to underying cells, despite the fact that 
the mucus layer appeared to remain intact. Further, 
LaMont et al.* observed protection against alcohol-in- 
duced damage in the rat with both a high and low dose 
of oral natural PGF2,, but could demonstrate an increase 
in barrier mucus only with the higher dose. In the same 
study, these investigators showed that doses of the sulf- 
hydryl agent cysteamine, which afforded protection 
against ethanol damage, stimulated the release of mucin 
glycoproteins, but that this protection could be reversed 
by the thiol blocker N-ethylmaleimide without a con- 
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Fic. 6. Light micrograph 
showing gastric mucosa ex- 
posed to dm PGE, and NAC 
followed 15 minutes later by 
100% ethanol. Compare with 
mucosa treated with saline/ 
ethanol in Figure 3. Although 
the general histoarchitecture 
of the mucosa is relatively 
undisturbed, pit surface mu- 
cus cells are injured (arrows) 
and gland lumina (double 
arrows) are dilated. L = Gas- 
tric lumen. Paraffin-embed- 
ded, hematoxylin and eosin 
stain, (X230). (Inset) Higher 
magnification of a different 
region of the gastric mucosa. 
Mucus is seen at the apical 
zone of some surface mucus 
cells (arrow). Vasocongestion 
is also visible in this region 
(double arrows). L = Gastric 
lumen, (575). 


comitant decrease in mucus production. These studies 
raise serious questions concerning the proposed role of 
barrier mucus as an important mechanism by which mu- 
cosal defense is maintained and/or mediated. 

In an earlier study, Parke!? showed that sulfhydryl 
compounds reduce the disulfide bridges of the insoluble 
gel form of gastric mucus that is normally adherent to the 
epithelial surface, thereby converting it into a water-sol- 
uble liquid state that is shed into the gastric lumen as free 
mucus. The most efficient of these mucolytic agents is 
NAC,'° making it particularly well suited to define the 
role of barrier mucus in mediating the defense afforded 
by various gastroprotective drugs such as PGs. In addition, 
since NAC belongs to the sulfhydryl family of compounds 
that have protective effects themselves,'''* mucus would 
not be the likely mediator of defense if NAC was shown 
to be protective at the same time that it decreased the 
thickness of barrier mucus. For these reasons, NAC was 
used as a mucolytic agent in the current study. 

Our findings clearly demonstrate that NAC greatly re- 
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duces the thickness of barrier mucus at a time when its 
maintenance should be vital if it does indeed play a major 
role in mucosal protection. The fact that the protective 
effects of dm PGE; on preventing deep mucosal injury 
were unaltered despite concomitant treatment with NAC 
seriously questions an important role for barrier mucus 
in this protection. Of equal significance was the obser- 
vation that NAC by itself could provide a degree of pro- 
tection against alcohol injury that was not significantly 
different from that observed with dm PGE). Interestingly, 
NAC has also been shown to be protective against aspirin 
damage independent of mucus thickness.” Using a pylo- 
rus-ligated rat model, Bottcher et al.’ instilled aspirin and 
different concentrations of NAC simultaneously into the 
stomach, and after 2 hours saw a dose-related lesion re- 
duction by NAC accompanied by a reduction of gel mucus 
thickness by the higher doses. In fact, there was an ob- 
served increase in barrier mucus in aspirin-damaged 
stomachs of control rats, suggesting more of a correlation 
between mucus thickness and damage than with the pres- 
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ervation of mucosal integrity in rats treated with NAC. 
This study, as well as our demonstration of the protective 
effects of both dm PGE, and NAC against ethanol dam- 
age, argue strongly against any primary beneficial effects 
of mucus in mediating protection. 

Since a number of investigators have shown that mucus 
release often follows exposure to a damaging agent, a more 
likely role for mucus might be as a protective covering to 
inhibit further deterioration of focally injured areas. In 
rats with visible erosions induced by ethanol, McQueen 
et al.” described replacement of the normal gel by a mix- 
ture of damaged tissue and mucus at the lesion site, and 
suggested that the mucus layer acted as a “protective en- 
vironment” to restrict contact with luminal acid and pep- 
sin and thereby delay further damage during the repair 
period. Morris et al. made a thorough study of the mor- 
phologic features of the extracellular mucus coat in the 
rat under control conditions and after exposure to aspirin 
and isobutyric acid. Five minutes after contact with these 
damaging agents, they detected a massive release of gly- 
coprotein from damaged and exfoliated surface epithelial 
cells as well as accelerated mucus exocytosis by intact fov- 
eolar and isthmic cells. This gelatinous mass mixed with 
cell remnants was maintained over sites of erosion by an 
overlying fibrous mucus network while the lesion was 
being resurfaced, and then dispersed as the reepithelia- 
zation process was completed.. 

Current evidence indicates, then, that gastric mucus is 
not of primary importance as one of the mechanisms 
whereby protective agents mediate their preservation of 
gastric mucosa against deep necrotic injury after exposure 
to a damaging agent such EtOH. This protection of deeper 
cell layers from alcohol injury by dm PGE,'*!>!” has been 
confirmed in the current study and it has been shown also 
that NAC is equally as effective as dm PGE, in this ex- 
perimental situation. Although it is not known if these 
two drugs have a common mechanism of action, de- 
creased levels of endogenous sulfhydryls have been as- 
sociated with tissue damage by various chemical 
agents.''-'* Pretreatment with dm PGE, prevents this de- 
pletion, as well as increases levels of tissue sulfhydryls.!!!? 
In conclusion, maintenance of a mucus gel barrier is 
probably not a primary mechanism of protection, al- 
though it may be an important means of delaying further 
damage, providing time and a proper environment for 
healing of an injury that has already ocurred. 
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group (B. fragilis, B. distasonis, B. ovatus, together as the “B. fragilis group.” 


B. thetaiotaomicron, B. vulgatus), and Clostridium species. +The prescribing information for Cefotan lists no specific 


tFCefotan is a registered trademark of ICI Americas Inc. indication for infections caused by this organism.’ 
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gaps‘In 


. coverage? 





All five of these Bacteroides 
are proven pathogens. 


The evidence is conclusive. 


fact: At one institution, B. distasonis, B. ovatus, 


B. thetaiotaomicron, and B. vulgatus accounted for 


60% of the B. fragilis group isolates from 
185 intraabdominal infections.” 


fact: B. fragilis and B. thetaiotaomicron are 


species of great clinical significance and are present 


in most intraabdominal infections. 


fact: Rosenblatt also isolated all five of these 
Bacteroides from clinical specimens at a major 
teaching institution.* 


fact: Chow and Guze reported bacteremia and 
sepsis due to each of these five members of the 
B. fragilis group.’ 


fact: The prescribing information for Cefotan 
specifically states that most strains of B. distasonis, 
B. ovatus, and B. thetaiotaomicron are resistant.’ 


fact: The absence of susceptibility of these 
Bacteroides fragilis species to Cefotan clearly 
shows that Cefotan does not have the same 
anaerobic spectrum as MEFOXIN. 


*i.e., B. distasonis, B. ovatus, and B. thetaiotaomicron 
££/n vitro activity does not necessarily imply in vivo effectiveness. 


1. Prescribing information for Cefotan (Stuart), March 1986. 
2. Sutter, V.L. et al.: Wadsworth Anaerobic Bacteriology Manual, 
4th ed., Belmont, CA, Star Publishing Co., 1985, p. 8. 
3. Rosenblatt, J.E.: Anaerobic bacteria, in Laboratory Procedures 
in Clinical Microbiology, ed. J.A. Washington, New York, 
Springer-Verlag, 1981, pp. 309-364. 

" 4. Chow, A.W. and Guze, L.B.: Bacteroidaceae bacteremia: Clinical 
experience with 112 patients, Medicine 53(2):93-126, 1974. 


Conclusion: Cefotan is not 
equal to MEFOXIN in activity** 
against the B. fragilis group. 
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MEFOXIN is contraindicated in patients who have shown 
hypersensitivity to cefoxitin and the cephalosporin group of 
antibiotics. Before therapy with MEFOXIN is instituted, 
careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to 
cefoxitin, cephalosporins, penicillins, or other drugs. 


Pseudomembranous colitis, from mild to life-threatening 

in severity, has been reported with virtually all antibiotics 
(including cephalosporins); therefore, it is important to 
consider its diagnosis when diarrhea develops in association 
with antibiotic use. 
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Be prepared, Doctor. More patients 
will be asking about colorectal cancer 
According to a survey* conducted by the 
American Cancer Society, many people 
would like to receive more information 
about colorectal cancer, and 83% said 
they would want to be checked for it. 
Further, they are learning that this cancer 
can be detected before Conese ay pear, 
The present cure rate is 44%. The cure 
rate could be as high as 75%. with early 
detection and appropriate management. 

For asymptomatic persons the Society 
recommends annual digital rectal exam- 
ination at age 40 and over; at age 50 and 
over, an annual stool blood test, as well as 
sigmoidoscopy every three to five years, 
following two initial annual negative 
sigmoidoscopies 

Were here to help. You can reach us at 
your local American Cancer Society office 
or write to Our Professional Education 
Department at National Headquarters, 

90 Park Avenue, New York, NY 10016. 
Ask about the Society's Colorectal Check 
program of professional and public 
education for the early detection of 
colorectal cancer 







| AMERICAN 
> CANCER 
f SOCIETY’ 


“Cancer of the Colon and Rectum: Summary of Public 
Attitude Survey, Cat 33:359-305, 1984 (Nov.-Dec. ). 
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The Anatomy of the Fasciae of the Face and Neck 


with Particular Reference to the Spread and 
Treatment of Intraoral Infections (Ludwig’s) that. 
Have Progressed 1 into Adjacent Fascial Spaces 





HAROLD H. LINDNER, M.D. 


Descriptions of the fasciae of the lower half of the face aiid of 
the adjacent cervical fasciae have long been puzzling and de- 
scriptively much too complex. For this reason, medical students, 
young medical and dental practitioners, and at times even senior 
surgeons frequently do not understand the anatomy of the cer- 
vicofacial fasciae, which plays such an important role in the 
spread and subsequent final localization of primary intraoral in- 
fections. This article. attempts to simplify the descriptions of 
these fasciae, in particular, their sites of origin and insertion. 


C OLLIER AND YGLESIAS, Grodinsky and Holyoke,” 
Grodinsky,’ Levitt,* and others have added to 
our knowledge of this region. 

` According to Levitt: 


The confusion in the descriptions of the cervical fascia is due to 
two major reasons: (1) great difficulties exist in the anatomical dis- 
section of the fascial spaces since false spaces are crested and true 
spaces are obliterated: (2) artificial grouping and classification of 
spaces for descriptive purposes is difficult and greatly reflects the 
emphasis of the author. Both pure anatomists and surgically oriented - 
clinicians have described these fasciae from their own points of 
view, each one stressing what he fegis to be important from the 
level of his particular interests, thus creating different opinions on 
the subject. i 


Certainly, a simplified and accurate knowledge of the 
facial and cervical fasciae is of great importance in the 
proper understanding of the treatment of cervical infec- 
tions. This is true because it is the facial and cervical fasciae 
that both direct and limit the spread of such infections. 

The fasciae of the neck are grossly divided into two 
separate layers: the superficial fascia and the deep fascia. 
The superficial fascia is actually a component of the fatty 
subcutaneous tissue. The more complicated deep fascia 
is divided into three primary layers: investing fascia, vis- 
ceral fascia, and prevertebral and paravertebral fascia. 


Reprint requests: Harold H. Lindner, M.D., Clinical Professor of Sur- 
gery and Topographic Anatomy, Department of Anatomy, S$-1334, Uni- 
versity of California, San Francisco, CA 94143. 

Submitted for publication: May 6, 1986. - 


From the Departments of Surgery and Anatomy, University of 
California, San Francisco, California 


These three layers.envelop those structures of the neck 
that lie deep to the potential superficial space that lies 
deep to the superficial fascia but superficial to the super- 
ficial layer of the deep fascia. 


Superficial Fascia 


The superficial fascia of the head and the neck isa sheet 
of fatty subcutaneous tissue that clothes the head and neck 
and descends to the thorax, the shoulders, and the axilla. 
As it covers the anterior and lateral segments of the neck; 
it is ‘thinner and less well marked than on the face. ; 

’ Over the posterior ségments of the neck the superficial 
fascia is thick and fibrous and is adherent to the deep 
fascia. Over. the anterior and lateral surfaces of the neck 
itisa relatively loose fascial layer and contains a variable 
amount of fat, which is greater in children and women, 
giving the neck a more rounded and less angular appear- 
ance. The superficial fascia that covers the face and head 
is very thick, ahd as it covers the muscles of expression 
of the lower and middle regions of the face it is tightly 
attached to the underlying muscular structures. However, 
at the level of the eyelids, the fascia is loosely attached 
around the orbicularis oculi muscles, - 

Over the lower region of the face, the anteriolateral 
surfaces of the neck, and the superior anterior thorax, the 
superficial fascia splits to enclose the platysma muscle, 
which thus becomes an integral part of this fascia. The 
platysma varies in thickness from 1-4 mm, usually being 
thicker and more developed i in men than i in women. The 
platysma muscle arises from the fascia covering the su- 
perior portions of the pectoralis major and deltoid mus- 
cles. Its fibers run superiorlý, cross the clavicle, and cover 
the anterolateral region of the neck. The fibers continue 
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to run superiorly and cross the mandible, with some fibers 
inserting into this bone during their ascent. Other fibers 
insert into the skin and subcutaneous tissues of the lower 
part of the face, whereas others blend with the muscles 
about the angle and lower segment of the mouth. Occa- 
sionally some fibers insert about the zygomatic and the 
orbicularis oculi muscles. The platysma is supplied by the 
cervical branch of the facial nerve. The platysma is often 
called “the surgeon’s friend,” since a good closure of this 
muscle after neck surgery prevents the skin and subcu- 
taneous tissues from attaching to the mobile visceral 
structures lying deep to the superficial layer of the deep 
neck fascia, preventing the unsightliness of a “mobile 
scar.” 

Deep to the superficial cervical fascia and its enclosed 
platysma muscle lies a well-defined potential fascial cleft 
or space that separates the superficial fascia from the deep 
cervical fascia. This space allows free movement of the 
skin and superficial fascia on the deeper structures of the 
anterolateral neck, and it also serves as an excellent cleav- 
age plane during dissection in this area. Within this po- 
tential space lie a number of important cervical structures. 
Running vertically, inferior to the lateral segment of the 
space, is the descending cervical branch of the facial nerve, 
which innervates the platysma muscle. It is placed far 
enough laterally so that it seldom is injured in neck sur- 
gery. The mandibular branch of the facial nerve also lies 
in the superficial fascial cleft. It descends into the upper 
lateral region of the neck from a plane deep to the sty- 
lomandibular ligament, descends to about 1-1.5 cm below 
the level of the inferior border of the transverse ramus of 
the mandible, and then moves anteriorly, paralleling the 
ramus while lying inferior to it. The nerve leaves the neck 
at the level of the anterior border of the masseter muscle, 
crosses the body of the mandible, and runs to the lateral 
commissure of the mouth. The cervical course of the nerve 
lies in the pathway of most suprahyoid incisions, and it 
must be identified and reflected along with the overlying 
skin and subcutaneous tissue flap when transverse su- 
prahyoid incisions are made. Also lying within the sub- 
cutaneous fascial cleft are the three supraclavicular nerves: 
anterior supraclavicular nerve, mid supraclavicular nerve, 
and posterior supraclavicular nerve. They supply cuta- 
neous sensation to the shawl area of the shoulder and 
must be searched for when incisions are made in the neck 
just above the lateral third of the clavicle. 

The submental area, placid, inferior to the symphysis 
menti and superior to the body of the hyoid bone, contains 
a plexus of small venules that lie between the superficial 
fascia and the superficial layer of the deep fascia. At the 
level of the upper border of the hyoid bone these veins 
coalesce to form the right and left anterior jugular veins 
that run inferiorly in the subcutaneous cleft as far as the 
level of the midportion of the thyroid cartilage, at which 
point they leave the subcutaneous cleft by piercing the 
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superficial layer of the deep cervical fascia. The external 
jugular vein that forms just inferior to the inferior border 
of the parotid gland at the level of the angle of the jaw, 
runs obliquely inferior in the neck in the subcutaneous 
cleft. The vein is formed by the junction of the posterior 
branch of the posterior facial vein with the posterior au- 
ricular vein and several small retromandibular veins. In 
its inferior course, the external jugular vein crosses the 
body of the sternocleidomastoid muscle in an oblique 
fashion in a medial to lateral direction. It leaves the cleft 
by perforating the superficial layer of the deep cervical 
fascia just superior to the middle third of the clavicle and 
ends in the subclavian vein just lateral to the anterior 
scalene muscle. As the external jugular vein lies on the 
sternocleidomastoid muscle it is separated from the mus- 
cle by the investing layer of the deep cervical fascia. The 
transversely placed anterior cutaneous nerve of the neck 
also lies in the subcutaneous fascial cleft and runs trans- 
versly in the midneck. There are a few relatively unim- 
portant lymph nodes that also lie within the superficial 
fascial cleft. 


The Deep Cervical Fascia 


For purposes of description the deep cervical fascia may 
be divided into three major categories: (1) the superficial 
layer of the deep fascia or the investing layer, (2) the mid- 
dle or visceral fascia, and (3) the deep or prevertebral and 
paravertebral fascia. Because the neck is essentially a 
junctional area between the head and the thorax, the three 
divisions of the deep cervical fascia join in the formation 
of various spaces and fascial clefts, some of which lead 
from the neck to the neighboring oral cavity and parotid 
gland to the axilla. A knowledge of these associations be- 
tween the cervical spaces per se and the head and axillary 
spatial areas is of great importance in order to properly 
anticipate and treat the spread of cervical infections by 
surgical means. 


The Investing Fascia of the Neck 


The investing fascia of the neck (superficial layer of the 
deep cervical fascia) is really the “mother” of the cervical 
fasciae, since all of the major deep cervical fasciae develop 
as septa from it (Figs. 1-3).’ It is a well-defined fascial 
layer that completely surrounds the neck and extends su- 
periorly onto the face and inferiorly into the axilla. In its 
dorsal to ventral course it invests the sternocleidomastoid 
muscle, the trapezius muscle, and the cervical group of 
erector muscles of the spine as well as the submandibular 
and parotid salivary glands. 

The investing fascia is attached posteriorly to the spi- 
nous processes of all of the cervical vertebrae. The in- 
vesting fascia begins its lateral and anterior progress as a 
single sheath, from which a group of septa depart to sheath 
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FG. 1. Fasciae of head and neck in midsagittal section. (From Grodinsky 
M. Ludwig’s angina, retropharyngeal abscess and other deep abscesses 
of the head and neck. JAMA 1940; 114:18-22.) Key to Figtires 1-3. 
ALAR F., alara fascia; AX. SP., axillary space; ARYT, arytenoid cartilage; 
A. AOR., ascending aorta; BR. PL., brachial plexus; CLVA, clavicle; 
CORAC., coracoid process; CRIC., cricoid cartilage; C.C.A., common 
carotid artery; CONST. PHAR. SUP. M., superior pharyngeal constrictor 
muscle; D. D. PECT. F., deep layer of deep pectoral fascia; DELT. M., 
deltoid muscle; DIG. ANT. M., digastric muscle, anterior belly; DIG. 
POST M. digastric muscle, posterior belly; E.C.A., external carotid artery; 
E. MAX. A., external maxillary artery, EPIGL., epiglottis; ESOPH., 

esophagus; EUST. TUBE, eustachian tube; GEN. GLOS. M., genioglossus 
muscle; GEN. HY. M., geniohyoid muscle; GLOT., glottis; HY., hyoid 
bone; HY. GLOS. M., hypoglossus muscle; LCA., internal carotid artery; 
LJ.V., internal jugular vein, LEV. VEL. PAL. M., levator veli palatini 
muscle; LAT. PHARYNG. SP., lateral pharyngeal space; L.A., lingual 
artery; L.N., lingual nerve; MAND., mandible; MASTIC. SP., masticator 
space; MAST. PROC., mastoid process; MAX. S., maxillary sinus; MY. 
HY. M., mylohyoid muscle; OCCIP. BONE, occipital bone; OM. HY. 
M., omohyoid muscle; PAROT. GL., parotid gland; PECT. MAJ. M., 
pectoralis major muscle; P.F.V., posterior facial vein; PREVET. F., 

prevertebral fascia; PT. INT. M., internal pterygoid muscle; PT: EXT. 


M., external pterygoid muscle; PHR. N., phrenic nerve; SCAL. F., sca- | 


lenus fascia; SCAL. ANT. M., scalenus anterior muscle; SCAL. MED. 
M., scalenus medius muscle; SCAL. POST. M., scalenus posterior muscle; 
ST., sternum; SCAP., scapula; SUP. D. F., superficial layer of deep fascia; 
SUP. D. PECT. F. , supérficial layer of deep pectoral fascia; SUBMAND 

SP. , submandibular space: SUP. ST. SP. , uprasternal space; SUBMAX. 
GL, submaxillary gland; ST. CL. M., sternocleidomastoid muscle; ST. 
HY. M., sternohyoid muscle; ST. THY. M., sternothyroid muscle; STY. 
HY. M., stylohyoid muscle; STY. GLOS. M., styloglossus muscle; STY 
PHAR. M, stylopharyngeus muscle; SUBCLAYV. M., subclavius muscle; 
SYM., sympathetic trunk; TEMP. M., temporalis muscle; THY.. thyroid 
cartilage; THY. GL., thyroid gland; TRACH, trachea; TEN. VEL. PAL. 
M., tensor veli palatini muscle; TRAP. M., trapezius muscle; THY. HY. 
M., thyrohyoid muscle; VISC. F., visceral fascia: VISC. SP., visceral. 
space; V. N., vagus nerve; ZYG., zygoma. 
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the underlying trapezius muscle and cervical erector mus- 
cles of the spine. The investing fascia reaches the anterior 
border of the trapezius muscle as á single lamella: At this 
point a septum joins with another septum from the con- 
tralateral side and forms the prevertebral fascia. The in- 
vesting fascia then continues on a ventral and lateral 
course, and crosses the supraclavicular triangle as a single 
fascial layer. At the posterior border of the sternocleido- 
mastoid muscle the investing fascia splits and sheathes 
this muscle, and then at the anterior border of the ster- 
nocleidomastoid muscle it becomes a single layer of fascia 
that joins the investing fascia of the contralateral side of 
the neck in the midline of the cervical area of the neck. 
The investing fascia attaches superiorly and inferiorly 
as it covers the anterolateral areas of the neck and face. 
In the anterior region of the midline of the neck, the in- 
vesting fascia runs superiorly from its attachment to the 
hyoid bone to insert into the symphysis menti and the 
medial segment of the inferior border of the transverse 
ramus of the mandible. In so doing, the fascia roofs the 
submental division of the suprahyoid area. As the fascia 
covers the anterior bellies of the digastric muscles it be- 
comes attached to their sheaths. As a result of the attach- 
ments of the investing fascia to the superior border of the 


THE FASCIAE OF THE FACE AND NECK 


707 





=n 
eG 





c 








td 
ae” 
peer eon 













: 
‘ hgs + HY. M. & Fe 
MAND. SP. 
VISC. F. THY. HY. M. & F. 
Gg i ; LVISC. Fe 
-e # M 
ALAR Fe ‘APA ost. THY. Me &.F. 
C] ê IJH: ST. EY. K. & F. 
prevent. r.) ff A fi Sure D. F. 
| A I~ skin 
AHI: 
AHA SUP. ST. SP. 
2 yA 


z, ~ SK 


hyoid bone, to the inferior border of the transverse ramus 
ofthe mandible, to the symphysis menti, and to the an- 


. terior sheaths of the digastric muscles, a closed submental 


space is formed. Collections of blood, pus, and/or serous 
fluid in this space are trapped and may only with great 
difficulty pass laterally beneath the anterior belly of the 


-digastric muscle that is tightly applied to the underlying 


mylohyoid muscle. This lateral pathway is the only escape 
route for a submental collection of fluid to reach the more 
latéral reaches of the suprahyoid area, which has a direct 
connéction with the floor of the mouth. 

Lateral to the anterior belly of the digastric muscle, the 
investing fascia roofs the submandibular area in a complex 
fashion. The investing fascia is tightly connected inferiorly 
to the greater cornu of the hyoid bone. The fascia is con- 
nected superiorly to the lateral two thirds of the inferior 
border of the transverse ramus of the mandible. As the 
investing fascia runs laterally after its attachment to the 
anterior belly of the digastric muscle it splits to enclose 
the submandibular salivary gland, an occupant of the 
submandibular space that lies on the underlying hyoglos- 
sus muscle. The enclosing fascial sheath is separated from 
the true capsule of the gland by a fascial cleft. The deep 
portion of the sheath after investing the submandibular 
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! tached to the deep surface of the gland. It terminates along 
"Æ the posterior border of the zygomatic arch. After sheathing 
"& the parotid gland, the two layers of the superior segment 
: of the investing fascia join again and continue laterally 
as a very strong fascia that splits to enclose the sterno- 
cleidomastoid muscle before attaching to the external au- 
ditory meatus and the mastoid process of the temporal 
bone. At this point the two layers become continuous 
with the investing layer of fascia covering the dorsal sur- 
face of the neck. 
The infrahyoid segment of the investing fascia is of 
EX interest because it splits in the inferior anterior neck into 
EA ; a superficial layer and a deep layer. In the anterior region 
‘ of the midline of the neck the investing fascia is attached 
FEY Cauley i superiorly to the inferior surface of the body of the hyoid 
Cee i: l : ' bone. It then descends as a single layer as far as the junc- 
; tion of the upper- and midthird of the thyroid cartilage. 
: At this level, the investing fascia splits into a superficial 
layer and a deep layer, the layers corresponding in position 
f to the superficial and deep layers of the investing fascia 
: as they split to enclose the sternocleidomastoid muscle. 
t The split gradually widens in a ventral-dorsal direction 
as the fascia descends, so that when it terminates at the 
base of the neck the superficial layer is able to insert into 
. the anterior superior surface of the sternum and the an- 
terior border of the clavicle, whereas the deep layer ter- 
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FIG. 2. Fasciae of head and neck. Oblique anteroposterior section showing PREVERT. È 
the relation of the submandibular space to the lateral pharyngeal space. a 
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and posterior digastric muscle to form a fascial ligament 
that runs from the angle of the mandible to the styloid 
process of the temporal bone. The lower pole of the parotid 
gland rests on this ligament, called the stylomandibular 
ligament, which separates the gland from the most lateral 
segment of the submandibular area. 

The two divisions of the investing fascia that have split 
to enclose the submandibular gland join again at the lateral E% 
border of the gland and run laterally a short distance fur- ne 
ther to the region of the angle of the mandible, where they 
split again to form the superficial and deep capsules of a 
the parotid gland. The superficial layer of the fascial par- ae 
otid capsule is called the parotideomasseteric. fascia, and | 
is tough and thick and closely attached to the superficial . . | 
substance of the parotid. It terminates superiorly by at- Fx, Faxing ofthe neck, Trane son apposite at elea 
taching to the anterior border of the zygomatic arch. The angina, retropharyngeal abscess and other deep abscesses of the head 
deep layer of fascia is quite thin and is only loosely at- and neck. JAMA 1940; 114:18~22.) (see Key beneath Fig. 1). 
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minates by inserting into the posterior superior border of 
the sternum and the posterior border of the clavicle. 

The two anterior jugular veins that have descended into 
the subcutaneous cleft superficial to the investing fascia 
suddenly pierce the superficial layer of the split investing 
fascia and come to lie in the space between the superficial 
and deep layers of this fascia. The two anterior jugular 
veins connect across the midline of the neck about 2 cm 
above the sternum. 

At the lateral region where the investing fascia covers 
the supraclavicular triangle of the neck it again appears 
as a single layer that is so closely applied to the underlying 
prevertebral fascia that these two fasciae appear to be one. 


The Middle or Visceral Fascia 


The middle or visceral fascia, often erroneously called 
the pretracheal fascia, sheathes the viscera of the neck, all 
of which lie deep to the investing fascia and superficial to 
the deep or prevertebral fascia (Figs. 1-3). The cervical 
viscera include the pharynx, esophagus, larynx, trachea, 
thyroid, parathyroid glands, and the great vessels of the 
neck. Additionally, the visceral fascia sheathes those strap 
muscles that are attached to the hyoid bone and the thy- 
roid cartilage. 

The middle fascia is derived from the investing fascia, 
and is given off as the investing fascia that covers the deep 
surface of the sternocleidomastoid muscle. At their sites 


THE FASCIAE OF THE FACE AND NECK 


709 
ee Young 


. y m na 
é aes eo da Pool of the face 













` Wag 
r + 
+ u “a 
y ad eae, 4 + 
z a 
kad a e ` 
+ J r al 
tN i 4 tu 
+ r BAP he 
Gi tS <4 ASA y=" 
` at 
cs wv 
we CA VA u ty * 
s A E t ned: he EEN 
© 4 - 5 % t 
` te nX (a 
pt. EO 
t, t i 
FIA oR’ J 
a ` + 
Cade: ha ge a 


‘“Deap portion 
VN ok parotid gland 


of origin, the multiple septa of the middle fascia are thin 
and difficult to dissect, but as they approach the viscera 
and muscle bodies that they sheath, they thicken greatly 
and become a strong anatomic entity. Most investigators 
divide the middle cervical fascia into three categories: the 
middle cervical fascia per se, the cervical visceral fascia, 
and the carotid sheath. 

The middle cervical fascia. The middle cervical fascia 
forms the sheaths of the two layers of infrahyoid muscles 
and, as a consequence, comprises three laminae. All three 
laminae are attached to the hyoid bone. At the lateral 
border of the omohyoid muscle, the superficial lamina 
and deep lamina fuse into one layer. The middle cervical 
fascia forms a continuous sheet of fascia across the midline 
of the neck, lying deep to the investing fascia but super- 
ficial to the visceral lamina of the middle cervical fascia. 
A fascial cleft is present just dorsal to its deep surface 
between the visceral lamina of the middle cervical fascia 
and the visceral fascia. The muscular division of the mid- 
dle cervical fascia attaches inferiorly to the sternum, clav- 
icle, and anterior scapula. 

The cervical visceral fascia. The visceral division of the 
middle cervical fascia forms the false capsule of the thyroid 
gland and the sheaths of the respiratory and digestive tubes 
in the neck. The visceral division is continuous with the 
fascia that covers the trachea and the esophagus in the 
mediastinum, and it seems to form a relatively closed 
space around these viscera as they rise into the neck to 
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become the larynx and the pharynx. The thyroid gland is 
enclosed within this same compartment. The visceral fas- 
cial compartment runs superiorly as far as the base of the 
skull to which it is attached. It is also attached superiorly 
to the fascia of the superior constrictor of the pharynx, 
the pharyngeal aponeurosis, the mandible, and the pter- 
ygomandibular raphe. The portion of the visceral fascia 
that lies posterior to the pharynx and covers the constrictor 
muscles of the pharynx and the buccinator muscle extends 
from the base of the skull to the level of the cricoid cartilage 
and is called the buccopharyngeal fascia. 

The carotid sheath. The carotid sheath is a pipe-like 
fibrous sheath that surrounds the common carotid artery, 
the internal jugular vein, and the vagus nerve (Figs. 2-4). 
It has a group of attachments to structures sheathed by 
the investing, middle, and deep fasciae of the neck. It is 
attached medially to the visceral fascia via the alar fascia, 
along the midposterior surface of the pharynx from the 
base of the skull to the level of vertebra C7. The sheath 
is attached dorsally to the prevertebral fascia along the 
line of the lateral borders of the investing fascia as it covers 
the deep surface of the sternocleidomastoid muscle. The 
carotid sheath 1s attached medially to the middle cervical 
fascia along the lateral border of the sternothyroid muscle. 
The sheath connects superiorly with the fascia, covering 
the posterior belly of the digastric muscle and the stylohy- 
oid muscle. At the base of the neck the sheath receives 
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contributions from all layers of the cervical fasciae in the 
neck. Within the carotid sheath there are separate indi- 
vidual sheaths for its three main occupants. The cervical 
sympathetic trunk lies dorsal to the carotid sheath in a 
fascial lamina derived from the deep surface of the pos- 
terior wall of the sheath. 


The Deep Cervical Fascia (the Prevertebral Fascia) 


The deep layer of the deep cervical fascia comprises 
two layers: the prevertebral layer and the alar layer (Figs. 
1-3). This fascia encloses the posterior half of the neck 
that lies deep to the trapezius muscle. The great vessels 
of the neck, the hypopharynx, the cervical esophagus, and 
the cervical sympathetic chain lie ventral to this fascia, 
and the longus colli, the longus capitis, and the three sca- 
lene muscles lie dorsal to it. Also lying dorsal to this fascia 
is the phrenic nerve. 

The prevertebral layer of the deep cervical fascia lies 
just anterior to the cervical vertebral bodies, thus lying 
directly on the longus colli and longus capitis and also on 
the anterior longitudinal ligament of the vertebral column. 
It runs inferiorly as far as the midthoracic region of the 
neck. It extends laterally as far as the tips of the transverse 
processes of the cervical vertebrae with which it fuses. It 
continues posterolaterally in the neck, sheathing the erec- 
tor muscles of the spine and scalene muscles, and finally 
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attaches posteriorly to the spines of the cervical vertebral 
bodies. It is related laterally to the second segment of the 
subclavian artery. At this point it gives origin to the axillary 
sheath. 

The alar layer of the deep cervical fascia lies just ventral 
to the prevertebral fascia and just dorsal to the visceral 
layer of the middle cervical fascia. It extends across the 
midline of the neck from the tip of one transverse process 
to the tip of the contralateral process, and then passes 
ventrolaterally to attach to the medial, lateral, and dorsal 
walls of the carotid sheath. It rises superiorly to the base 
of the skull and it terminates inferiorly at the base of ver- 
tebra T2, where it fuses with the visceral fascia. It 1s of 
clinical importance because it bounds the anterolateral 
segment of the cervical retropharyngeal space, separating 
the space from the pharyngomaxillary space. 

The axillary sheath. The axillary sheath is a lateral and 
inferior extension of the prevertebral fascia that sheathes 
the anterior scalene muscle. The subclavian artery rises 
into the lower medial neck from its origin dorsal to the 
sternoclavicular joint. It then proceeds laterally and dor- 
sally until it reaches the medial border of the anterior 
scalene muscle that lies dorsal to the prevertebral fascia. 
The artery pierces the prevertebral fascia at this point and 
comes to lie dorsal to the anterior scalene muscle. As it 
pierces the prevertebral fascia, the artery draws a sheathing 
of the fascia about itself and carries it as its arterial sheath 
inferiorly into the axilla and then as far distally as the 
midarm. This sheet of prevertebral fascia also becomes 
the sheath of the brachial plexus and the subclavian vein 
as they move laterally and inferiorly behind the clavicle, 
across the first rib, and down into the axilla. 


The Potential Fascial Spaces of the 
Lower Face and Neck 


The Pharyngomaxillary Space 


The pharyngomaxillary space is also referred to as the 
peripharyngeal space, the parapharyngeal space, and the 
lateral pharyngeal space (Figs. 2, 4, 5). It is a triangular- 
shaped pocket with the base placed superiorly at the base 
of the skull and its apex is at the level of the hyoid bone. 
The pharyngomaxillary space is bounded superiorly by 
the base of the skull and the sphenoid bone, inferiorly by 
the superior surface of the hyoid bone, ventrally by the 
pterygomandibular raphe, dorsally by the prevertebral 
fascia, laterally by the investing fascia as it covers the in- 
ternal pterygoid muscle, by the deep surface of the parotid 
gland and by the mandible, and medially by the visceral 
layer of the deep fascia as it covers the superior constrictor 
muscle of the pharynx (buccopharyngeal fascia). The 
presence of the styloid process of the temporal bone di- 
vides the pharyngomaxillary space into a ventral or pre- 
styloid compartment and a dorsal or poststyloid com- 
partment. The poststyloid compartment contains the ca- 


THE FASCIAE OF THE FACE AND NECK 711 


rotid sheath and the glossopharyngeal nerve and the 
hypoglossal nerve. The prestyloid compartment is in close 
proximity to the tonsillar fossa. The space communicates 
dorsally with the retropharyngeal space, whereas it com- 
municates laterally with the parotid and masticator spaces. 
The prestyloid compartment communicates posteriorly 
with the carotid sheath and its contents. 


The Submandibular Space 


The submandibular space is a conglomerate of two 
spaces, the sublingual space and the submaxillary space. 
From a clinical standpoint, these two spaces function as 
one space because of their free intercommunication and 
their common clinical signs and symptoms. The sub- 
maxillary space may be further divided into a central sub- 
mental space and two lateral submaxillary spaces. The 
entire submandibular space is tightly bounded anteriorly 
and laterally by the attachment of the investing fascia to 
the mandible, superiorly by the mucous membrane of the 
floor of the mouth, inferiorly by the attachment of the 
tightly applied investing layer of the deep cervical fascia 
to the hyoid bone and the posterior belly of the digastric 
muscle, and directly inferiorly by the hyoid bone. It is 
this space that is primarily involved in “Ludwig’s angina.” 

The sublingual space. The sublingual space lies superior 
to the mylohyoid muscle. It is bounded superiorly by the 
mucous membrane of the floor of the mouth, anteriorly 
and anterolaterally by the inner margin of the mandible, 
posteriorly by the intrinsic musculature of the base of the 
tongue, and inferiorly by the mylohyoid muscle. An ex- 
tension of the dorsal surface of the submaxillary (sub- 
mandibular) salivary gland surrounds the excretory duct 
of that gland as it enters the sublingual space from the 
submaxillary space via the cleft between the lateral border 
of the mylohyoid muscle and the medial border of the 
hyoglossus muscle (mylohyoid cleft). This cleft also trans- 
mits the lingual and hypoglossal nerves, a relatively large 
branch of the facial artery, and some lymphatics that reach 
the neck from the sublingual area. The sublingual space 
contains the sublingual salivary gland, whose posterior 
rim is in intimate contact with the intraoral extension of 
the submaxillary gland. Thus a wide spatial pathway exists 
between the floor of the mouth and the suprahyoid region 
of the neck. 

The submaxillary space. The submaxillary space is 
bounded superficially by the superficial layer of the deep 
cervical fascia (investing fascia), floored by the mylohyoid 
and hyoglossus muscles, bounded inferiorly by the hyoid 
bone and the posterior belly of the digastric muscle, and 
bounded superiorly by the inferior border of the transverse 
ramus of the mandible. The space is divided into an an- 
terior or submental division and two lateral and posterior 
divisions by the presence of the anterior bellies of the 
digastric muscle. Infections may spread from one division 
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of the space to the other, deep to the anterior belly of the 
digastric muscle. Infection of the two spaces may spread 
posteriorly along the styloglossus muscle into the phar- 
yngomaxillary space and continue to spread into the loose 
areolar tissue of the retropharyngeal space, and then fur- 
ther inferiorly into the superior mediastinum. 


Parotid Space 


The parotid space is the result of the splitting of the 
investing fascia at the level of the stylomandibular liga- 
ment to enclose the parotid gland within a superficial cap- 
sule and a deep capsule (Figs. 2, 4). The superficial capsule 
is thick and strong, and running from it into the superficial 
lobe of the parotid gland are multiple connective tissue 
septa that hold the external glandular capsule tightly to 
the underlying glandular tissue. Therefore, no fascial space 
exists between the gland and its superficial capsule, and 
glandular infections of the superficial parotid lobe do not 
pierce the thick superficial capsule. The deep capsule of 
the dorsal lobe gland, however, is thin and infections in 
the gland can easily pass through this capsule into the 
pharyngomaxillary space that lies just deep to the gland. 
Passage of infections into this space and then into the 
posterior mediastinum is one of the feared complications 
of parotitis. The strong fascial band that is the styloman- 
dibular ligament effectively separates the parotid space 
from the submaxillary space. 


The Masticator Space 


The masticator space lies lateral and anterior to the 
pharyngomauxillary space. It contains the masseter muscle, 
the two pterygoid muscles, the ramus and the posterior 
surface of the body of the mandible, the tendon of inser- 
tion of the temporalis muscle, and the inferior alveolar 
vessels and nerves. It is bounded by the superficial layer 
of the deep cervical fascia that splits as it passes around 
the mandible and the superficial lamina of the investing 
fascia that makes up the sheath of the masseter muscle 
and attaches it to the zygoma. The deep lamina of the 
investing fascia forms the sheath of the two pterygoid 
muscles. The two laminae join again into a single sheet 
of fascia around the anterior and posterior borders of the 
body of the mandible. The masticator space is closed at 
all of its borders except the superior one, where it com- 
municates deep to the zygomatic arch with the temporal 
space that lies both superficial and deep to the temporalis 
muscle. The temporal space is limited superficially by the 
attachment of the thick external temporal fascia to the 
zygoma and the temporal ndge. The temporal space con- 
tains the internal maxillary or deep facial artery and many 
of the divisions of the mandibular branch of the trigeminal 
nerve, 
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The Retropharyngeal Space 


The retropharyngeal space (posterior visceral space) lies 
between the middle layer of the deep cervical fascia, which 
sheathes the pharynx and the esophagus anteriorly and 
laterally, and the alar layer of the deep cervical fascia pos- 
teriorly (Figs. 1-3). It extends from the base of the skull 
to the superior mediastinum, at about the level of vertebra 
T2, at which point the alar layer of the deep cervical fascia 
joins with the middle layer of the deep cervical fascia. 
Infections in this space can spread inferiorly into both the 
anterior and posterior divisions of the superior medias- 
tinum. Infections in this space can also break through the 
alar fascia and enter the space between the alar fascia and 
the prevertebral fascia, whence they can extend inferiorly 
into the posterior mediastinum as far as the diaphragm. 
The space is extremely important in the diagnosis and 
treatment of deep neck infections. 


The Anterior Visceral Space (Pretracheal Space—Pre- 
visceral Space) 


The visceral compartment of the neck is made up of 
the loose areolar tissue that surrounds the thyroid gland, 
the trachea, and the esophagus (Figs. 1, 3). All three struc- 
tures are sheathed by the middle or visceral layer of the 
middle cervical fascia. The visceral compartment is di- 
vided into two segments by a thick connective tissue band 
that extends laterally from the esophageal wall to the ca- 
rotid sheath. The anterior compartment, called the an- 
terior visceral space, surrounds the trachea and abuts pos- 
teriorly against the ventral wall of the esophagus. It is 
limited superiorly by the hyoid bone. The anterior visceral 
space is surrounded by the visceral fascia, and extends in 
a ventral-dorsal direction from just deep to the ribbon 
muscles to the retropharyngeal portion of the visceral 
compartment. It reaches from the superior border of the 
thyroid cartilage to the anterior superior mediastinum at 
the level of vertebra T4. There is continuity between the 
anterior and posterior visceral spaces at the level of the 
superior segments of the trachea, esophagus, and thyroid 
gland (above the level of the inferior thyroid artery). The 
most common cause of infections that reach this space is 
perforation of the ventral pharyngeal or esophageal walls 
due to foreign body trauma or endoscopy. 


Treatment of Infection in the Sublingual and 
Submandibular Fascial Spaces (Ludwig’s Angina) 


The treatment of infections that involve the deep fascial 
spaces of the neck is primarily medical, with surgical 
treatment used only for those complications that demand 
operative intervention. The complications include the 
need for surgical drainage of pus under tension, respiratory 
complications secondary to the presence of the infection, 
erosion of sizable cervical blood vessels secondary to the 
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presence of the infectious process, and internal jugular 
vein thrombosis. Surgical intervention for reasons other 
than the above is looked upon as meddlesome and will 
hinder rather than help the treatment of the diseased areas. 

It should be emphasized that the primary pathologic 
finding in deep neck space infections is-cellulitis that in- 
volves the connective tissues, fasciae, and muscles in and 
about the spaces, which frequently results in early gan- 
grene of the tissues in question. The gangrene results in 
a serosanguineous, putrid infiltration of the cervical tis- 
sues, usually with little or no frank pus present. The pro- 
cess spreads by continuity rather than by lymphatic ex- 
tension. It is a well-established surgical principle, as true 
today as it was 50 years ago, that cellulitic areas should 
not be incised. They should be treated by systemic and 
local therapeutic measures so that the cellulitis will resolve 
or, failing resolution, will localize into a discrete abscess 
that should then be incised and completely drained. In- 
cision into a cellulitic area compounds the pathologic 
process and allows the entrance of additional microor- 
ganisms, over and above those that caused the initial in- 
fection. In addition, incision also tends to break down 
the natural defense systems in the bodv. 

Treatment of an infection in a deep cervical spdce 
should primarily consist of specific antibiotic therapy to 
combat the infection. In more than 80% of infections in 
deep cervical spaces, Streptococcus hemolyticus in pure 
or mixed cultures is found. Additionally, Diplococcus 
pneumoniae, enterococci, Staphylococcus aureus, and 
pathogenic anerobes are often present. Large doses of a 
broad-spectrum antibiotic should be given as soon as cel- 
lulitis is suspected. A spiking fever with chills calls for 
repetitive blood cultures, and the antibiotic used should 
then be varied with the bacterial findings in the blood 
cultures. Massive hot compresses applied to the involved 
area of the neck and hot saline gavages given hourly to 
the oral cavity givé some symptomatic relief and also help 
to localize infection if the cellulitic process is one that will 
not completely resolve. Upper cervical infections cause 
difficulty in swallowing; therefore, it is important that the 
patient’s fluid and electrolyte balance are maintained us- 
ing intravenous (I.V.) therapy. Additionally, antibiotics 
can be administered by I.V. therapy. 


Maintenance of a Proper Airway 


Maintenance of a proper airway is of the upmost im- 
portance in the treatment of Ludwig’s angina. Asphyxia- 
tion is the most frequent cause of death in this disease. 
The asphyxia is caused by either pressure obstruction of 
the central air passage of the neck or impairment of the 
mechanisms that control respiration. It is believed that 
the asphyxiation in the latter case is caused by paralysis 
of the medullary respiratory center, and two components 
have been suggested to be the responsible factors. One 
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factor is acapnia eased by hyperventilation due to per- 
sistent shallow, rapid respiration; the second factor is hy- 
persensitivity of the carotid sinus pressure receptors caused 
by the adjacent inflammatory process, although the studies 
of Tschiasshy” and Elliott and Weisengreen® do not sup- 
port the latter contention. Whatever the cause of as- 
phyxiation, tracheotomy is imperative as soon as breath- 
ing becomes shallow and rapid in any patient with Lud- 
wigs angina. Tracheotomy should be carried out 
regardless of the absence of audible or visible signs of 
mechanical airway obstruction. The great number of late 
emergency tracheotomies that become necessary in Lud- 
wig’s angina should be a warning for the surgeon to per- 
form the procedure electively, early in the disease. Tra- 
cheotomy has the added advantage of allowing the surgeon 
to carry out any manipulative or operative procedure un- 
der deep general anesthesia without having to pass an 
endoscopic tube through a compressed superior airway. 
As previously noted, most cases of Ludwig’s angina will 
regress and become quiescent under vigorous antibiotic 
and local supportive therapy. In fact, probably not more 
than one in 20 patients will need surgery in this era of 
improved treatment of acute infections. 


Surgery 


Surgery had been used to treat this condition even be- 
fore the time of Ludwig. However, during the last quarter 
of the 19th century its use became much more popular 
and it was regarded as the optimal therapeutic procedure. 
Many cervical approaches of surgery were used. Because 
pus was not usually present, surgeons varied their ap- 
proaches in an effort to find and drain the often elusive 
or nonexistent pocket of pus. Additionally, multiple ap- 
proaches were often used, both intraoral and cervical, 
particularly when the disease had advanced from the su- 
prahyoid area to other deep cervical spaces. Currently, a 
variety of surgical approaches have been used and a gen- 
erally accepted standard method of approach does not 
exist. Median longitudinal cervical incisions as well as 
transverse incisions are used, and occasionally a combi- 
nation of both is advocated. Additionally, the cutting of 
various cervical muscles has been advocated, and some 
surgeons recommend the removal of the submaxillary 
salivary gland because the removal of the gland speeds 
the regression of the infectious process. 

It is my own belief that a procedure that is based on 
the degree of development of the pathologic process, leaves 
a relatively nondisfiguring scar on the neck, and allows 
for complete decompression of the fascial space or spaces 
involved is the most advantageous procedure. 

Before operation, the surgeon must be sure that there 
is pus under tension in an involved cervical space. The 
decision to operate may be a difficult one to make. It 
should be based on the patient’s general condition, the 
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advancement of local and general symptoms, and the ap- 
pearance of pitting edema over the region suspected. In 
such a patient the surgeon will more often than not find 
pus under tension as a result of examination. Under no 
circumstances should the surgeon incise an area of cel- 
lulitis in order to determine the presence of pus. If no pus 
is found the surgeon should discontinue operation after 
decompression of the fascial limits of the incised area. 

Any patient ill enough to require surgical intervention 
should have tracheostomy performed either before or at 
operation. General anesthesia should be used and admin- 
istered through the tracheotomy tube. Such anesthesia 
allows the surgeon to perform an adequate anatomic dis- 
section in an unhurried fashion. 

The aim of surgery for Ludwig’s angina is the relief of 
tension, not the search for pus, which often is not even 
found at autopsy. Two anatomic structures are chiefly 
responsible for cervical tension, which is responsible for 
the crippling and toxic effects of Ludwig’s angina. The 
first structure is the strong layer of investing fascia that 
covers the three suprahyoid spaces (the right and left sub- 
mandibular spaces and the submental space). The second 
structure is the mylohyoid muscle that forms all of the 
submental floor and the anterior one third of the sub- 
mandibular floor and that separates the cervical space 
from the sublingual space. The relief of tension can only 
be done by the division of both of these fascial and mus- 
cular structures at right angles to the line of their individual 
fibers. 

A transverse skin incision 1s made on the side of the 
major involvement at a point about 2 cm below the trans- 
verse ramus of the mandible, extending from the angle 
of the mandible to the midline of the neck. The superficial 
fascia and the platysma muscle are divided carefully across 
the line of their fibers so as not to injure the mandibular 
branch of the facial nerve. The suprahyoid portion of the 
investing fascia is exposed. This fascia is cut transversely 
and freed from its dorsal attachments. The submental 
branch of the facial artery is exposed and ligated. Ligation 
of the main trunk of the facial artery can usually be 
avoided with this incision. The fascia enclosing the sub- 
maxillary salivary gland is freed at the angle between the 
anterior and posterior bellies of the digastric muscle, and 
the submaxillary gland, thus mobilized, is retracted lat- 
erally. There is no reason to remove the submaxillary sal- 
ivary gland. The mylohyoid muscle is then divided at right 
angles to the line of its fibers. Once the mylohyoid muscle 
is cut, a wide gap appears between the two segments of 
the muscle. The mucous membrane of the floor of the 
mouth that covers the sublingual area, may or may not 
be divided, depending on the degree of tension put on it 
by the process deep to it. Certain procedures are avoided, 
including cutting the genichvoid muscle and digastric 
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muscle, as well as removing the submaxillary salivary 
gland. The geniohyoid muscle and the anterior bellies of 
the digastric muscle open the mouth and support the hyoid 
bone and the larynx. As Ludwig® has pointed out, the 
submaxillary salivary gland is seldom, if ever, a part of 
the inflammatory process and should not be removed. 
However, its fascia, a derivative of the investing fascia, 
should be completely freed from surrounding structures, 
particularly where it encloses the lower pole of the gland. 

Since the immediate submandibular spaces commu- 
nicate with the parapharyngeal space superior to the body 
of the styloglossus muscle, and the deeper visceral spaces 
of the neck (retroesophageal, paravisceral, vascular, and 
pretracheal) are in wide-open communication with the 
mediastinal spaces of the thorax, the spread of superior 
cervical infection such as Ludwig’s angina into the deep 
neck spaces is a complication to be carefully watched for. 
Mediastinitis should be avoided if possible. 

The paravisceral spaces are accessed by an incision 
through the investing fascia of the neck. In the upper re- 
gion of the neck the spaces are entered medial to the ster- 
nocleidomastoid muscle, whereas in the lower region of 
the neck they are entered lateral to the sternocleidomas- 
toid muscle. Incisions to drain the vascular division of 
the visceral spaces of the neck are made just behind the 
anterior border of the sternocleidomastoid muscle. The 
muscle 1s easily exposed after cutting the sheath of the 
superficial lamella. The muscle is then retracted medially 
or laterally as needed for the proper exposure, and its 
deep muscle sheath is also incised. The vascular space is 
then exposed. 

Once the cervical space or spaces in question have been 
opened and drained of their pus, care having been taken 
to break up any loculations, soft-rubber Penrose drains 
are inserted into the spaces and a large, soft-pressure 
dressing is applied to the neck. 
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The effect of bilateral upper dorsal sympathectomy (UDS) on 
cardiac function was investigated in two groups of young healthy 
patients who underwent bilateral excision of T2 and T3 ganglia 
for palmar hyperhidrosis. In ten patients echocardiography of 
left ventricular function (LVF) was performed before operation 
and 2 weeks after operation. Electrocardiograms (ECG) were 
done before operation, during operation immediately after sec- 
tioning each sympathetic chain, and at 2 weeks after operation. 
The mean pulse rate decreased significantly in patients after 
they underwent bilateral UDS. There were no clinical arrhyth- 
mias or changes in LVF in any patient. Submaximal exercise 
testing and ECG tracings done at rest and after effort were ob- 
tained for 29 patients before undergoing bilateral UDS, 30 days 
after operation, and 1-3 more times within a 2-year postoperative 
period. Pulse rates taken at rest and after effort were significantly 
lower than those taken after operation, and the blood pressure 
response to exercise was blunted. ECG tracings showed a sig- 
nificant change in the electrical frontal plane axis and shortening 
of the QTc interval. These changes were evident 30 days after 
operation and persisted for 2 years. In conclusion, bilateral UDS 
has no overt arrhythmogenic effect in the young, healthy heart 
and its beta-blocker—like effect persists for at least 2 years. 


ILATERAL UPPER DORSAL SYMPATHECTOMY 
(UDS) is an accepted practice in the treatment of 
primary hyperhidrosis (PHH). Bilateral UDS in- 

volves the removal of T2 and T3 ganglia.’ Since part of 
the sympathetic fibers to the heart traverse these two gan- 
glia, we examined the possible early and late effects of 
this partial sympathetic denervation of the heart in pa- 
tients who underwent bilateral UDS for PHH. 


Materials and Methods 


Thirty-nine patients underwent bilateral UDS for pri- 
mary PHH, 24 males and 15 females aged 17-34 years 
(mean + SD: 21 + 3). All patients were healthy and had 
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no known cardiac disorders. The operation was performed 
by two teams using a bilateral supraclavicular approach.’ 
Both teams began the operation simultaneously, but the 
sympathetic chains were sectioned sequentially with ap- 
proximately 10-15 minutes elapsing between the division 
of each side. Frozen-section confirmation of removal of 
the ganglia (T2 and T3) was obtained in all patients. All 
patients had dry hands immediately after operation and 
27 patients had dry hands throughout the follow-up pe- 
riod. 

A short-term study was performed in 10 patients (group 
A), and a long-term study was performed in 29 patients 
(group B). Before operation all patients from both groups 
gave a detailed medical history and had a physical ex- 
amination that included a 12-lead electrocardiogram 
(ECG) and a near-maximal exercise test (80-85% of max- 
imal predicted pulse rate) using an upright bicycle ergom- 
eter.’ 

Group A (N = 10) had a preoperative M-mode echo- 
cardiogram to evaluate left atrial and left ventricular 
dimension (end-diastolic and end-systolic) and left ven- 
tricular contraction (fractional shortening). Global and 
segmental ventricular function were evaluated by two- 
dimensional echocardiography in the parasternal long- 
and short-axis views and the apical four-chamber view. 

The exercise tests and the echocardiograms were re- 
peated in group A 12-16 days after operation. In addition, 
all these patients had ECG tracings performed before sec- 
tioning the sympathetic chains, after the removal of T2 
and T3 ganglia on the first side, after removal of T2 and 
T3 ganglia on the other side, and after skin closure. In 
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TABLE 1. The Effect of UDS on the Pulse Rate 
Side No. of | Preoperative Postoperative 
Operated On Patients PR* PR* p Value 
Right 5 87 +4 T343 <0,05 
Left 5 84+4 8l4$ NS 
Right and left 10 86 +3 TE? <0.05 





* Pulse rate (PR), results presented as mean + SEM. 


five patients the left-sided sympathectomy was performed 
first, and in the other five patients the nght-sided sym- 
pathectomy was done first. No patients received cardioac- 
tive drugs at any time except for routine anesthetics. 

Group B (N = 29) was re-examined | month after op- 
eration, and then at different intervals up to 2 years after 
operation. The postoperative examination in this group 
included an ECG done at rest and after effort and sub- 
maximal exercise testing. 

QT measurements. QT interval was measured in mil- 
liseconds and corrected for pulse rate by Bazzett’s formula: 
QT. = QT/VR-R (where R-R is the R-R interval in sec- 
onds on ECG). 

Statistics. The data are presented as mean + SEM. Re- 
sults were compared by Student’s t-test. 


Results 
Group A 


The effect of UDS on the exercise test. All patients suc- 
cessfully completed a submaximal exercise test before op- 
eration. In contrast, dyspnea and fatigue caused early ter- 
mination of the exercise test in three patients after oper- 
ation (two females and one male). The pulse rate response 
to exercise was decreased in seven patients by 6-12% 
(mean: 8%) after operation, at similar exercise load. No 
alterations in echocardiograms of left ventricular function 
(LVF) were found after operation. 

The effect of UDS on the pulse rate and QTc. As seen 
in Table 1, the pulse rate was decreased after right-sided 
UDS in five patients, from a mean value of 87 + 4 beats/ 
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min to 73 + 3 beats/min (p < 0.05). In two patients, the 
pulse rate was increased after having left-sided UDS from 
60 to 89 beats/min and 81 to 100 beats/min, respectively, 
and later decreased after having right-sided UDS. In all 
ten patients pulse rate taken at rest was decreased after 
having bilateral UDS from a mean preoperative rate of 
86 + 4 beats/min to 75 + 2 beats/min (p < 0.05) (Table 1). 

In two of the patients who had right-sided UDS first, 
the QTc was prolonged by 9 and 10% and returned to the 
control level after bilateral UDS was completed. The QTc 
was unchanged in the other eight patients. 


Group B 


The effects of UDS on the exercise test. Before operation 
the mean physical working capacity for the 29 patients 
was 112 + 7 watts (135 + 6 watts for 18 males and 75 
+ 6 watts for | 1 females), and all patients completed the 
test. At 30 days after operation, nine of 29 patients did 
not complete the test because of weakness in the legs, 
dyspnea, dizziness, or general fatigue that occurred before 
submaximal pulse rate and blood pressure values were 
attained. 

Changes in pulse rate, systolic and diastolic blood pres- 
sure, and pulse pressure before and after operation that 
occurred at rest, after 50 watts of effort, and after sub- 
maximal effort are shown in Table 2. These results were 
obtained from all 29 patients 30 days after operation. 

There was a significant decrease in the mean pulse rate 
and a significant decrease in the mean systolic pressure, 
which was more pronounced at rest and at 50 watts than 
at submaximal effort. The decrease in mean diastolic 
pressure was less after operation than before operation, 
but the difference was not significant, except at submax- 
imal effort. Pulse pressure was significantly decreased after 
operation under all conditions. 

As seen in Table 2, the difference in pulse rate between 
that taken at submaximal exercise and the resting pulse 
rate was 99 + 3 beats/min before operation and 80 + 4 
beats/min after operation (p < 0.05). The increase in sys- 
tolic blood pressure was 41 + 2 mm Hg before operation 


TABLE 2. Pulse Rate and Blood Pressure Changes before and 30 Days after Bilateral UDS* 
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At rest s0 Watts of Effort Submaximal Effort 
Before After p Before After p Before After p 
Operation Operation Value Operation Operation Value Operation operation Value 

Pulse rate (beats/min) 145 22 62 +2 <0.0001 12624 100 + 3 <O0.001 174+ 1 143 +4 <0.001 
Systolic blood pressure 

(mm Hg) RI £] |g eae <0.0001 140 + 3 126 +3 <0.001 162 +4 i225 <0,08 (NS) 
Diastolic blood pressure 

(mm Hg) 78 1 74+2 <0.09 (NS) 68 +4 TAZ NS 36 + 6 59+4 <0.05 
Pulse pressure (mm Hg) 43 +2 38 +1 <0.05 AES SE <Q.001 26:47 9347 <0.001 


* N = 29, results given as mean + SEM. 
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and 40 + 5 mm Hg after operation (NS). The decrease in 
diastolic blood pressure from the resting value to the true 
value at termination of submaximal effort was 42 +6 
‘mm. Hg before operation and 15 + 5 mm Hg after op- 
eration (p < 0.05). The pulse pressure difference between 
submaximal exercise values and resting values was 82 + 7 
mm Hg before operation and 65 + 5 mm Hg after o 

eration (p < 0.05). ' 

The effects on the ECG tracing. All ECG tracings taken 
at rest were normal before operation. After operation the 
mean manifest electrical QRS axis in the frontal plane 
and the T-wave amplitude in the precordial leads were 
unchanged. The QTc however changed from 399 + 4 ms 
to 389 + 4.3 ms after operation (p < 0.05). Interestingly, 
blunted T-waves were noted in the ECG tracings in 12 of 
29 patients after operation. The PR interval and the width 
and amplitude of the QRS complexes were essentially un- 
changed. 

All preoperative ECG tracings taken at maximal effort 
were normal. There were no significant differences in ECG 
tracings in preoperative effort and postoperative effort ex- 
cept for the above-mentioned differences in pulse rate 
(Table 1). Only one patient in the postoperative ECG had 
supraventricular extrasystoles that appeared during the 
recovery period from exercise. 

The results of all tests performed remained unchanged 
in all patients during the 2-year follow-up period and no 
new arrhythmias appeared during this time. 


Discussion 


Although bilateral UDS is an accepted practice in the 
treatment of primary PHH most studies of UDS for PHH 
mention surgical results and complications.'? However, 
few studies refer to the cardiac effects of this procedure, 
despite the fact that the T2 and T3 ganglia that are re- 
moved are in the direct pathway of the sympathetic in- 
nervation of the heart. In fact, surgical ablation of these 
ganglia is done during some procedures for various ar- 
rhythmias.** 

Several authors have described the cardiac effects of 
unilateral or bilateral stellectomy and high thoracic sym- 
pathectomy or blockade in experimental animals and in 
humans.** Most of this work is concerned with the ar- 
rhythmogenic potential of these procedures and with the 


different effects of removal of the right and left ganglia.” ">, 


Austoni et al.''!? showed that right and left stellectomy 
produce opposite effects on cardiac arrhythmias in ex- 
perimental animals and in humans. Right stellectomy 
caused exercise-induced arrhythmias in 18% of humans 
and 86% of dogs. The QT interval was prolonged in 23% 
of humans.!! Left stellectomy exerts a suppressing effect 


on ventricular arrhythmias but does not affect cardiac 
6,10,13 
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In UDS only a portion of the sympathetic innervation 
of the heart is ablated, as only T2 and T3 ganglia are 
removed and the entire stellate ganglion is spared. We 
demonstrated in this study that there were clearcut short- 
term and long-term hemodynamic effects as well as ECG 
changes. 

The QTc shortening in our patients resembles the effect 
of left-sided stellectomy.** Conversely, the transient in- 
crease in the QT interval after right-sided UDS in two 
patients in group A is in accordance with the prolongation 
of the QT interval noted in 23% of patients with right- 
sided stellectomy. Overall, the QT changes in our study 
were small and unlikely to be of any clinical significance. 

The effect of UDS on the ECG and on the exercise test 
resembles the effects of 8-adrenoceptor blockers.’* At rest, 
there was a significant decrease in the pulse rate, which 
was probably caused by the decreased sympathetic in- 
nervation. Two patients in group A had a transient in- 
crease in the pulse rate after having left-sided UDS that 
was reversed after resection of the contralateral chain. This 
can be explained by a transient increase in sympathetic 
activity through the nerves that remained intact. In ac- 
cordance with the findings, the control of pulse rate in 
dogs is mediated mainly by the right stellate ganglion, 
whereas the afferent limb of most cardiocardiac sympa- 
thetic reflexes seem to be prefentically distributed through 
nerves of the left side.'*!° The weakness, dizziness, and 
dyspnea that occurred in some patients during postop- 
erative exercise testing may have resulted from a mech- 
anism similar to that of the impairment of exercise con- 
ditioning by propranolol.'*!” This mechanism may also 
explain the attenuation of the pulse rate response to ex- 
ercise despite deconditioning of the patients after bed rest. 

There is a possibility that the dyspnea and attenuated 
exercise performance is due, at least in part, to pulmonary 
factors. Previously, we demonstrated some loss of lung 
volume and a decrease in maximal expiratory flow rates 
after bilateral UDS for primary PHH.'*!? These abnor- 
malities were probably related to the sympathetic dener- 
vation of the lung, but unlike the cardiovascular effects 
noted in the current study, these effects were transient. In 
patients examined 6 months after operation almost all 
pulmonary function test results had returned to normal.’ 
Since the cardiovascular changes observed in our study 
lasted throughout the 2-year follow-up period, 1t appears 
that there are independent long-term cardiovascular effects 
of the sympathetic denervation. LVF at rest is not im- 
paired as evidenced by the echocardiographic evaluations 
and, thus, overtly impaired ventricular contractibility does 
not play a role in the development of fatigue in these 
patients. 

Therefore, the observed effects on the pulse rate, QTc, 
and near-maximal exercise test in patients who had bi- 
lateral UDS are probably due to decreased cardiac sym- 
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pathetic tone that resembles the effect of 6-adrenoceptor 
blocking agents. If this effect is long lasting, these patients 
may show an exaggerated reaction to beta-blockers ad- 
ministered after operation. Long-term observations of 
patients who had bilateral UDS would help to prove or 
disprove this hypothesis, 
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Book Reviews 


William P. Longmire, Jr., M.D. 
Advisor for Editorial Board 
Los Angeles, California 


Textbook of Surgery: The Biological Basis of Modern Surgical 
Practice, 13th Edition. David C. Sabiston, Jr. 2592 pp. Phila- 
delphia, W. B. Saunders Co. 1986. $85.00. 


THIS NEW EDITION marks a milestone in the history of American 
surgery. In the present volume the reader finds an enormous 
amount of material that is compatible with a format directed 
by the editor, who incidentally wrote many of the sections on 
cardiovascular disease. Thus, each topic includes a brief historic 
summary followed by a discussion of the pertinent anatomy, 
physiology, and pharmacology. Extensive references identify a 
few sources of special importance; together with profuse illus- 
trations, careful editing, and excellent printing, all of these fea- 
tures combine to make this edition another outstanding 
achievement. 

Recently, revisions of the original volume have appeared reg- 
ularly every 5 years. During this period the text gradually and 
effectively has assumed the lead over its rivals; indeed now it 
truly can be compared only with previous editions. In this edition 
nearly a quarter of the contributors are new; although we miss 
the older authorities, this is evidence of the dynamism of surgery 
and the ability of the editor to identify the upcoming leaders of 
the profession. In addition, several new topics typical of progress 
in surgery have been addéd as others have been dropped in order 
to maintain the length of the book at a manageable level. In 
accord with this format the general principles of surgery (or gen- 
eral surgery as defined by Churchill) are considered in great detail. 
Thereafter all of the subspecialties receive concise but subordi- 
nate attention. 

The reader should not expect to find a technical treatise of 
step-by-step surgical procedures for that is not the purpose of 
the book. Atlases may. be found elsewhere. Therefore, the fun- 
damental purpose of the volume is maintained. The biological 
basis on which surgery is molded stands out loud and clear. 

The editor has been extraordinarily successful in his choice 
of contributors. Over 200 authorities include an overwhelming 
number of the leaders of surgery in the United States and Canada. 
The geographic distribution of the authors is extensive enough 
to guarantee wide exposure of the text throughout the world. 
Furthermore, the book has been printed in six foreign languages. 

Thus it is apparent that any criticism of this volume necessarily 
would be a criticism of American surgery itself; hopefully the 
readers will agree with the reviewer that both of them merit high 
praise. In today’s vernacular the editor identifies and describes 
the cognitive requirements demanded of modern surgeons. The 
book therefore deserves wide reading even by those individuals 
who regard surgery as a mere mindless repetition of technical 
maneuvers. It will prove to be a formidable stimulus for students 


719 


H. Kim Lyerly, M.D. 
Advisor for Residents in Surgery 
Durham, North Carolina 


as well as an outstanding reference text for residents, teachers, 
and practicing surgeons throughout the world. 


CLAUDE E. WELCH, M.D. 
Boston, Massachusetts 


Important Advances in Oncology 1986. Vincent T. De Vita, Jr., 
Samuel Hellman, Steven A. Rosenberg. 333 pp. Philadelphia, 
J. B. Lippincott Co. 1986. $49.50. 


IT IS BECOMING EVIDENT that new technologies and methods in 
oncologic research and practice are occurring at an ever increas- 
ing rate. As advances in oncology take place over a broad range 
of disciplines, including basic and clinical sciences, it is imper- 
ative that physicians and surgeons have a fundamental grasp of 
the significant developments in this widening field. This recent 
monograph, second in a series of annual volumes, serves as a 
timely source describing these fundamental advances, presented 
in an exceedingly clear and concise manner. 

Drs. De Vita, Hellman, and Rosenberg have collaborated to 
edit a volume of 15 current subjects selected on the basis of 
having a potential impact on cancer research and rhanagement. 
The 26 contributors, from a variety of institutions, are all rec- 
ognized authorities who have each made significant contributions 
to their respective fields. 

The book is divided into two parts. The first section is devoted 
to basic research and includes outstanding sections on adoptive 
immunotherapy using lymphokine-activated killer cells (LAK 
cells) and interleukin-2 (IL-2) by Dr. Rosenberg, human on- 
cogenes by Dr. Barbacid, and the control of gene expression and 
the replication and pathogenesis of retroviruses by Drs. Haseltine, 
Sodroski, and Rosen. Other topics include the role of dietary 
fiber in the prevention of cancer, vitamin A analogues in cancer 
chemoprevention, chromosomal rearrangements; genes and 
fragile sites in cancer, and the role of gene amplification and 
reversal of resistance in drug refractory cancer. 

The second section deals with clinical progress in cancer 
management and covers eight topics, including sections on the 
therapy of colorectal hepatic metastases by Drs. Daly and 
Kemeny, cancer imaging with monoclonal antibodies by Dr. 
Larson, adjuvant therapy in the treatment of osteosarcoma by 
Dr. Link, and the epidemiologic patterns of colorectal cancer 
by Drs. Ziegler, Devesa, and Fraumeni. 

It is quite apparent that this volume is well worth reading as 
the editors have succeeded in providing an extremely enlight- 
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ening volume documenting the highlights in oncologic research 
and managemernt that have occurred during the preceding year. 


H. KIM LYERLY, M.D. 
Durham, North Carolina 


Pediatric Cardiac Surgery. Eduardo Arciniegas. 466 pp. Chicago, 
Year Book Medical Publishers, Inc. 1985. $110.00. 


THE RAPID DEVELOPMENT of surgical therapy for congenital heart 
defects has resulted in palliative or curative intervention in vir- 
tually every anatomic type of congenital heart disease. It is, 
therefore, timely and appropriate to review the current state-of- 
the-art surgical repair of congenital heart defects. Dr. Arciniegas 
and a distinguished group of contributors have succeeded in 
producing just such a text. Although relevant clinical aspects of 
each important congenital heart defect are mentioned, the over- 
whelming emphasis of the text is surgical; succinct descriptions 
of surgical techniques and results are presented. The text material 
is well supplemented with copious illustrations from the pertinent 
literature on each topic. 

Forty-five chapters by nearly as many authors describe the 
surgical approaches to each form of congenital heart disease. 
Early chapters include the “Embryology of the Heart and Great 
Vessels” and the “Physiology of the Fetal and Infant Circula- 
tion.” Appropriate discussion of diagnostic procedures for con- 
genital heart disease are included, although little mention is made 
of current color Doppler flow techniques that have amplified 
the usefulness of noninvasive echocardiographic procedures and 
no mention is made of the increasingly useful MRI techniques. 
Discussions of pediatric cardiac anesthesia and postoperative 
care are welcome additions, although in many areas descriptions 
of postoperative care appear sketchy. No discussion of postop- 
erative management of pulmonary hypertension is presented, 
and recent approaches to management of low cardiac output, 
including assist devices of various types, are noticeably absent. 
A discussion of palliative operations by Donald Doty is com- 
prehensive; however, description of the surgical approach to 
takedown of prevous shunts and bandings would be beneficial. 

Especially detailed and excellent discussions of techniques of 
cardiopulmonary bypass in children and deep hypothermia and 
total circulatory arrest are presented in additional chapters. A 
chapter on intraoperative myocardial protection emphasizes the 
relative lack of data regarding cardioplegic protection of neonatal 
myocardium. Since hypothermia and circulatory arrest tech- 
niques are used frequently in infants with congenital heart dis- 
_ ease, the comprehensive description of this technique by Kirklin, 
Kirklin, and Pacifico is an excellent addition. Other outstanding 
contributions throughout the text include discussions of quite 
unusual defects, including “Single Ventricle With Double Inlet 
Atrioventricular Connection” by Pacifico, Kirklin, and Kirklin, 
“Straddling Atrioventricular Valves” by the same authors, and 
“Cor Triatriatum Sinistrum, Pulmonary Vein Stenosis, and 
Atresia of the Common Pulmonary Vein” by Douglas Behrendt. 
Additional chapters on extraordinarily unusual topics such as 
“Cor Triatriatum Dextrum” by Arciniegas and ‘“‘Aortic—Left 
Ventricular Tunnel” by Ebert and Arciniegas are also valuable 
and often not included in other texts. Another excellent chapter 
is “Dextrocardia and Associated Cardiac Defects” by Duncan 
and Cooley. The problem of dextrocardia or dextroversion and 
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the confusion that it occasionally brings to otherwise standard 
repairs makes this an especially welcome discussion. 

Chapters on the more common forms of congenital heart dis- 
ease are generally complete and well illustrated and appropriate 
references supplement the text. In spite of the overall superb 
quality of the coverage of each topic, elaboration in a few areas 
would have been beneficial. The text does not contain a chapter 
devoted to the anatomy of the conducting tissue, the knowledge 
of which is critical to any surgeon dealing with congenital heart 
disease. In the attempt to present a comprehensive survey of the 
subject matter, certain areas are given only scant attention and 
more recent advances and techniques are often mentioned only 
in passing. Examples include the few paragraphs on palliative 
procedures for hypoplastic left heart syndrome by Dr. Norwood 
and a mere paragraph devoted to the arterial switch operation 
that has now become extremely popular for correction of trans- 
position of the great vessels. No discussion of cardiac transplan- 
tation in children or the use of heart/lung transplantation for 
end-stage congenital heart disease is provided. The problems of 
valve replacement in children are mentioned: however, no at- 
tention is given to the increasing use of homograft conduits and 
valves for cardiac reconstruction in the pediatric age range. 

In general, the above are minor criticisms to what is overall 
a complete and effective text. Because of its surgical orientation, 
the text will be of most value to practicing cardiothoracic sur- 
geons, pediatric and adult cardiologists, and residents in training. 
It will, however, be appropriate as a reference text for medical 
students, nurses. and other interested physicians. 


THOMAS L. SPRAY, M.D. 
St. Louis, Missouri 


Surgical Endoscopy. Thomas L. Dent, William E. Strodel, and 
Jeremiah G. Turcotte. 536 pp. Chicago, Year Book Medical 
Publishers. 1985. $59.95, 


THIS IS really an outstanding book and deserves a place on the 
shelf of any surgeon or other physician practicing or intending 
to practice modern day endoscopy. The text is a compilation of 
essays presented at a postgraduate symposium at the University 
of Michigan Medical Center. This is an appropriate setting for 
the development of this fine book because the University of 
Michigan was one of the first programs to incorporate endoscopy 
into its surgical residency program and remains a leader in this 
field. The development of surgical endoscopy, particularly using 
the flexible endoscopes, has got to be considered one of the prin- 
cipal areas of medical progress over the past 15 years. The tech- 
nologic and therapeutic advances clearly greatly benefitted many 
specialties, including general surgery, orthopedics, urology, pe- 
diatric and thoracic surgery. What is important about the book 
is that many of these new diagnostic and therapeutic techniques 
are outlined in a single text, and the application of these tech- 
niques to current surgical practice is carefully considered. Not 
only do we get 33 instructive chapters, but also a short color 
atlas. 

The chapters are compiled into four sections: gastrointestinal, 
biliary tract, other systems, and teaching and practice. Covered 
in the section on the gastrointestinal tract is the role of endoscopy 
in the diagnosis and therapy of bleeding with particular attention 
to injection sclerotherapy. Other sections discuss laser therapy, 
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diagnostic and therapeutic colonoscopy, esophagoscopy, pedi- 
atric endoscopy, percutaneous endoscopic gastrostomy, and an- 
oscopy. Throughout chapters there is attention to subjects that 
might be of particular interest to surgeons, such as endoscopy 
of the postoperative or stapled stomach, and dilation of strictures. 
The section on the biliary tract includes interventional radiology 
of the biliary tract, endoscopic sphincterotomy, and discussion 
of both flexible and rigid choledochoscopy. Nasopharyngoscopy, 
bronchoscopy, arthroscopy, endourology, laparoscopy, and hys- 
teroscopy are discussed in Part 3 in sufficient detail to permit 
the reader to have a good grasp of what is and is not possible, 
although this section is, as the rest of the volume, not intended 
to be a comprehensive discussion of endoscopy. The final section 
reveals some sophisticated perspectives on the impact of endos- 
copy on medicine in different community or academic centers. 
There are very few points to criticize in this beautifully organized 
book weaved from a postgraduate symposium given by a variety 
of authorities. 


WILLIAM C. MEYERS, M.D. 
Durham, North Carolina 


Mitral Valve Disease: Diagnosis and Treatment. Marian I. Io- 
nescu, Lawrence H. Cohn. 367 pp. Boston, Butterworth Pub- 
lishers. 1985. $149.95. 


TWO WELL KNOWN authorities on the surgical treatment of mitral 
valve disease have transcended their specialty and edited an en- 
cyclopedic monograph encompassing a multidisciplinary ap- 
proach to mitral valyular heart disease. The 25 chapters are di- 
vided into four parts. The first part describes normal and patho- 
logic mitral valve function, invasive and noninvasive diagnostic 
modalities, and the natural history as modified by medical man- 
agement. The second part enumerates the functional anatomy 
and presents data on various reparative surgical techniques. The 
third part contains descriptions of the operative techniques for 
prosthetic replacement, the hemodynamics of mitral valve sub- 
stitutes, and summarizes the surgical results after valve replace- 
ment with the commonly used devices. Part four is a potpourri 
of data on mitral valve disease in children, complications after 
valve replacement, thromboembolic and hemorrhagic sequelae 
of mitral disorders, and an overview comparing long-term results 
of medical and surgical treatment. The contributors are inter- 
nationally selected experts in their particular fields and thus pro- 
vide a global perspective on the subject. The information pro- 
vided by Mr. Ionescu on operative technique and Dr. Roberts 
on postoperative complications is unique and not readily avail- 
able from the literature or from standard textbooks. The chapter 
on pathophysiology by Drs. Braunwald and Turi is an excellent 
review. The section on rheumatic mitral valve disease in children 
by Drs. Gotsman and Borman is particularly instructive. In gen- 
eral, the contributors provide up-to-date bibliographies and il- 
lustrative figures and tables. As with any multi-authored text, 
the quality of the narrative is not uniform and there is repetitive 
presentation of certain information. The chapters on results of 
prosthetic replacement could alternatively be readily gleaned 
from recent journals. In summary, although not priced for stu- 
dents and residents, this comprehensive text stands by itself as 
a repository of information for all physicians wishing to expand 
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their knowledge on mitral valve disorders and should serve for 
a long time as the state-of-the-art reference. 


NORMAN A. SILVERMAN, M.D. 
Chicago, Illinois 


Endocrine Surgery of the Thyroid and Parathyroid Glands. Orlo 
H. Clark. 378 pp. St. Louis, C. V. Mosby Co. 1985. $65.00. 


DISORDERS OF THE thyroid and parathyroid glands come to 
medical attention more often now than in the past. The prev- 
alence of nodular goiter in the United States is approximately 
4%, and many of these patients require clinical evaluation. Clin- 
ical thyroid cancer, however, occurs in only 0.004% of the pop- 
ulation, demonstrating the importance of a selective approach 
to determine which patients should undergo thyroidectomy. 
Until recently, hyperparathyroidism was believed to be an un- 
common disorder. With the widespread use of autoanalyzers 
and screening of serum calcium levels, primary hyperparathy- 
roidism is more commonly diagnosed today and occurs in about 
1 in every 1,000 individuals and 1 of 500 women over 45 years 
of age. This increased interest in surgical procedures of the thy- 
roid and parathyroid glands makes Clark’s new monograph, En- 
docrine Surgery Of The Thyroid And Parathyroid Glands, a very 
timely and important volume. A more complete work than some 
of its predecessors, this book covers many aspects of surgical 
thyroid and parathyroid disease in appropriate detail and with 
great clarity. 

The first six chapters are devoted to an in-depth consideration 
of thyroid disorders. The chapter on thyroid physiology and 
testing of thyroid function will probably be the least interesting 
to the surgeon. Although it does provide an important foun- 
dation, it is too detailed and ponderous; in addition, much of 
the information is repeated in subsequent chapters. The other 
chapters on medical treatment of nodular gotters, thyroid nodules 
and thyroid cancer, medullary thyroid carcinoma, and hyper- 
thyroidism are clear, concise, and informative. The chapter on 
fine needle’aspiration is very complete with excellent illustrations. 

The chapters on primary and secondary hyperparathyroidism 
are complete, well-written, and nicely illustrated. The chapter 
on surgical treatment will be of particular interest to surgical 
residents who will be participating in the surgical care of these 
patients. 

In short, this monograph is an outstanding contribution to 
the care and understanding of patients with disorders of the . 
thyroid and parathyroid glands. It does, as the author describes, 
present the practical details in selecting these patients for surgical 
treatment, in choosing the appropriate surgical procedure, and 
in managing the patients in the postoperative period. This com- 
prehensive work fills an important void; it has the pertinent and 
important information on these problems assembled in a clear, 
concise fashion. It would be of particular interest to general sur- 
geons who care for these patients and to residents in general 
surgery whose understanding of these interesting patients would 
be greatly enhanced. . 


GEORGE S. LEIGHT, JR, M.D. 
Durham, North Carolina 
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Transplantation Today. John S. Najarian, Fritz H. Bach, David 
E. R. Sutherland, Felix T. Rapaport. 1638 pp. Orlando, Grune 
& Stratton, Inc. 1985. $124.00. 


THIS VOLUME INCLUDES the almost 500 papers presented at the 
10th International Congress of the Transplantation Society held 
in Minneapolis, Minnesota on August 26-31, 1984. In general, 
these papers are 2-5 pages in length. They are divided into var- 
ious subheadings that treat the entire area of experimental and 
clinical organ transplantation. Part I, entitled “Organ Trans- 
plantation,” covers papers presented on the kidney, heart, lung, 
liver, pancreas, islet and bone marrow. This encompasses one 
third of the 1,638 pages in this volume and treats most of the 
topics of importance in clinical and experimental transplantation 
for these organs. Other sections that have a bearing on organ 
transplantation include immunogenetics, allograft rejection, 
immune monitoring, immunosuppression, immunologic tol- 
erance, effects of blood transfusions, organ preservation, mater- 
nal~fetal relationships, and the relevant molecular biology and 
function. Considerable attention was given to the effects and 
mechanisms of action of cyclosporine. In the section entitled 
“Current Controversies in Transplantation,” pro and con views 
of certain more important and controversial areas in transplan- 
tation are well discussed. Another section treats the special social 
and ethical considerations in transplantation. The volume con- 
cludes with an overall summary of the papers presented at the 
meeting, encompassing clinical and experimental transplantation 
as well as new developments in immunobiology. 

The beauty of this volume is that it is a summation of reports 
from the biannual meeting of the International Transplantation 
Society and, therefore, treats almost all clinical and experimental 
topics of interest and relevance to organ transplantation. How- 
ever, this is also a limitation since all of the papers are brief and 
the reader is often left wishing that there were more details re- 
garding techniques and data included. Since this also represents 
the contributions of a multitude of authors, there is variability 
of quality from one paper to another. Despite these limitations, 
this volume is essential reading to keep abreast of the rapidly 
changing theory and practice of organ transplantation and im- 
munobiology. This book is handsomely bound with good quality 
paper, print, and illustrations. It is an addition to one’s library 
that will be referred to time and again. 


M. WAYNE FLYE, M.D., PH.D. 
St. Louis, Missouri 


Current Therapy in Gastroenterology and Liver Disease—2. 
Theodore M. Bayless. 473 pp. Philadelphia, B. C. Decker, Inc. 
1986. $50.00. 


MOST TEXTBOOKS of gastroenterology and liver disease thor- 
oughly review the pathophysiology and diagnosis of various 
conditions. However, the therapeutic options are only briefly 
summarized and are sometimes outdated. This observation led 
to the 1984 publication of Current Therapy in Gastroenterology 
and Liver Disease: 1984-1985. Improved pharmaceuticals and 
the rapid introduction of sophisticated technology, such as the 
laser, has led to the preparation of this updated edition. 
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The aim of this text is to provide a practical reference for 
treatment of gastroenterologic, hepatic, and pancreatic diseases. 
Each of the 108 chapters has been written by a different author, 
and direct advice for each disorder is given. The authors are 
well-known clinicians from 72 medical centers who are actively 
treating patients with the illnesses discussed. The chapters are 
well written and focus on guidelines for treatment, with the un- 
derlying assumption that the correct diagnosis has already been 
made. 

The significant changes in this second edition include the se- 
lection of 110 new authors, the assignment of new topics to 30 
previous authors, and the addition of 10 new chapters. Repre- 
sentative of these new chapters are the use of laser treatment in 
gastrointestinal disease and a discussion of gastroenterologic 
considerations in liver transplantation. 

I thoroughly enjoyed reading this book and have already found 
it useful in several clinical situations. Its major shortcomings, 
as acknowledged by the editor in the preface, are that the chapters 
are opinionated and few viewpoints are referenced. Bearing in 
mind that some issues may be controversial, this book is an 
excellent therapeutic guide for the clinician involved with gas- 
trointestinal diseases. In summary, this text 1s an excellent desk- 
side reference that outlines therapeutic alternatives for digestive 
diseases in a clear and concise manner. 


BERT A. BOWERS, M.D. 
Durham, North Carolina 


Surgical Anatomy of the Heart. Benson R. Wilcox, Robert H. 
Anderson. 142 pp. New York, Raven Press. 1985. $55.00. 


IN AN AGE OF ablation of accessory pathways for conduction 
disturbances, mitral valve reconstruction, aortic valve homograft, 
and correction of increasingly more complex congenital defects 
in ever younger patients, a firm understanding of cardiac anat- 
omy is essential. Surgical Anatomy of the Heart by Drs. Wilcox 
and Anderson is an elegant new reference source that will prove 
indispensable to cardiac surgeons, cardiologists, radiologists. and 
pathologists, and will indubitably be cited in scholarly works in 
the future. The text was a formidable undertaking that was mas- 
terfully executed. 

Using a combination of photographs of intraoperative spec- 
imens, photographs of preserved specimens, color illustrations, 
and line drawings, the authors have synthesized the illustrative 
modalities to achieve the clear, concise, yet comprehensive de- 
piction of sometimes subtle anatomic details. Color and line 
diagrams, side by side with color photographs of the identical 
anatomic region, are a brilliant way of illustrating these details. 

The text begins with the chapters “Surgical Approaches to 
the Heart.” “Surgical Anatomy of the Normal Heart.” and 
“Surgical Anatomy of the Coronary Circulation.” All of these 
chapters are timely, well conceived, and complete. A separate 
chapter “Surgical Anatomy of the Conduction System,” has su- 
perb illustrations of subtle anatomical details. Equally impressive 
are the chatpers that follow, “Congenitally Malformed Hearts,” 
“Abnormalities of the Great Vessels” and “Positional Anomalies 
of the Heart.” The organization and execution of this text are 
striking. It provides the reader with an entirely new experience 
in illustrating and understanding fine anatomic detail. The au- 


“a 


Vol. 204 « No. 6 


thors deserve much praise for this elegant work, which will un- 
doubtedly be enthusiastically received. 


GARY K.. LOFLAND, M.D. 
London, England 


Cecil Essentials of Medicine. Thomas E. Andreoli, Charles 
C. J. Carpenter, Fred Plum, Lloyd H. Smith, Jr. 831 pp. Phil- 
adelphia: W. B. Saunders Co. 1986. $34.95. 


THIS BOOK, Cecil Essentials of Medicine, is an outstanding com- 
panion to the more expanded and detailed Cecil Textbook of 
Medicine. In this volume the authors have admirably assumed 
the formidable task of developing a comprehensive text that 
reviews general medicine for “those members of the audience 
whose needs were for either a teaching instrument in key general 
subjects or a re-introduction to the practice of general medicine.” 
The text is divided into nine sections that deal with specific 
organ systems and three sections that deal with the special topics 
of oncology, metabolic disorders, and infectious diseases. Each 
section is well organized and covers basic anatomy and physi- 
ology with subsequent discussion of the pathophysiology, clinical 
presentation, laboratory findings, and treatment of disease states. 
This is a very readable text with outstanding two-toned figures 
and well-organized tables that convey a vast amount of knowl- 
edge. Although there is some variation in the amount of detail 
in each section, the authors are to be commended for placing a 
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tremendous amount of basic information into a relatively small 
text. 

The surgical aspects of treatment in many of the sections are 
disappointing and are often limited to one sentence indicating 
an operation is appropriate under certain circumstances. Ex- 
ceptions include discussions of trauma of the head and spine, 
operations for ulcer disease, endoscopy for gastrointestinal dis- 
ease, prosthetic heart valves, coronary artery bypass operations, 
and biliary tract operations. Unfortunately, a number of surgi- 
cally treatable diseases are not discussed at all. This includes 
female breast disorders such as fibrocystic disease, benign tumors, 
and mastitis. Also excluded are approaches to liver and lung 
metastases and common primary neoplasms such as skin cancer, 
melanoma, breast cancer, sarcoma, head and neck tumors, and 
endometrial and cervical carcinomas. In addition, heart and liver 
transplantations are not considered treatment options. One 
would not expect a medical textbook to deal substantially with 
surgical problems. However, many of these conditions are seen 
at least initially by family practitioners and internists who should 
be knowledgeable in their treatment. 

Despite these grievances, this text is an exceptional work. It 
will be extremely valuable, particularly to students and residents 
and others participating in patient care. The authors have 
achieved their goal of producing an excellent text on the essentials 
of medicine. 


WALTER D. HOLDER, JR., M.D. 
Palo Alto, California 
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Letters to the Editor 


March 27, 1986 
Dear Editor: 


This letter is in reference to the paper of Dr. Church and 
others, published in Ann Surg 1986; 203:69-76. 

We agree with Church et al.' that perforation of the colon in 
immunosuppressed patients is a serious surgical illness that car- 
nies a high morbidity and mortality rate. This is due to multiple 
factors. First, delay of diagnosis is not uncommon in these pa- 
tients, since symptoms and signs are sparse and are masked by 
steroid administration. Second, with absence of local inflam- 
matory response, the intra-abdominal infection is usually gen- 
eralized to the whole peritoneal cavity, which carries a signifi- 
cantly higher mortality rate than that of localized perforation. 
Third, the diagnosis of colon perforation should be evoked early 
when patients have only abdominal pain and tachycardia. The 
diagnosis can usually be made by a water-soluble contrast enema 
or laparotomy.” 

Failure to recognize the perforation appears to be the hallmark 
of this series even from 1980-1983, since the average time of 
symptoms to surgery was 5.8 days. 

Since 1983, we have encountered six sigmoid perforations in 
a series of close to 500 renal transplants. Three occurred within 
10 days of renal transplantation, and two occurred 3 years after 
transplantation. All were managed by segmental colectomy and 
colostomy followed later by reestablishment of the gastrointes- 
tinal continuity in all cases except one. All grafts are functioning. 

From this short update, it appears that not only patients can 
be treated with minimal morbidity, but also grafts can be allowed 
to function normally if the disease is treated promptly. 

Had the authors screened the literature, they would have 
known that (1) a review of 4,346 allografts* was performed, cul- 
minating in 93 colorectal perforations; (2) the mortality rate in 
that 1983 series was 14.2%, similar to the 11% seen in the non- 
immunosuppressed patients reported in 1976*; (3) more than 
two papers related to the same subject have been published since 
1983 that were not reviewed by the author. Had the authors 
studied their patients early, they would find that the onset of 
symptoms do coincide with the onset of perforation and that 
early operation would improve drastically their 53% mortality 
rate. 


Dal D. NGHIEM, M.D. 
ROBERT J. Corry, M.D. 
lowa City, lowa 
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May 9, 1986 
Dear Editor: 


Thank you for the opportunity to respond to the letter written 
by Drs. Nghiem and Corry. Their experience with colon per- 
foration in renal transplant recipients since 1983 is similar to 
ours since 1980. Both groups of patients were treated with staged 
sigmoid colectomy. There was no mortality and all grafts were 
functioning at last follow-up. The mean interval of 5.8 days 
between the onset of symptoms and surgery in these last four 
patients in our series did not unduly influence their prognosis. 
The “delay” is less than 8.3 days reported by Remine and 
Mcllwraith' in patients with bowel perforation receiving greater 
than 20 mg of prednisone daily. Part of the reason for this delay 
is likely to be the natural history of some cases of perforated 
diverticulitis; inflammation leading to intramesenteric perfo- 
ration and abscess, which in turn leads to intraperitoneal per- 
foration. As we have shown, it is the intraperitoneal perforation 
with feculent peritonitis that carries the highest mortality rate. 
This occurred in only two of six patients reported by us with 
diverticular perforation. Symptoms of abdominal pain, fever, 
and tenderness may be due to diverticulitis, a mesenteric abscess, 
or a free perforation. Without serial contrast enemas it is hard 
to tell when free perforation has occurred, but we have shown 
that close clinical observation for signs of deterioration can be 
an effective way of diagnosing it. In four of the last five patients 
reported in our series, surgery was performed an average of 8 
days after the onset of symptoms. Initial antibiotic therapy had 
resulted in clinical improvement, although subsequent deteri- 
oration ultimately lead to laparotomy. 

The large review performed by Drs. Nghiem and Corry,’ pub- 
lished after our literature search had been completed, was found 
to cite two articles containing no reports of colon perforation.** 
Both reviews have omitted papers cited by the other. Three were 
left out by the Cleveland group and seven by that from Iowa. 
Addition of the extra cases does not materially affect our results 
or conclusions, with the updated series consisting of 115 cases, 
68 of whom died (mortality rate 62%). The conclusions from 
our report, nicely restated by Drs. Nghiem and Corry, should 
serve to alert physicians who manage renal transplant recipients 
to the importance of including colonic perforation in the dif- 
ferential diagnosis of abdominal symptoms in these patients. 


JAMES M. CHURCH, M.D. 
VICTOR W. Fazio, M.D. 
Cleveland, Ohio 
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February 25, 1986 
Dear Editor: 


We believe that Sibley et al.'; may have misinterpreted the 
Stanford position on cardiac biopsy interpretation and we would, 
therefore, appreciate the opportunity to restate our position on 
the subject to avoid further confusion. 

Sibley and colleagues’ stated that “Billingham has recom- 
mended that a diagnosis of rejection be made only in the presence 
of myocyte necrosis. . . .” This statement has never been made 
by us and it is made quite clear in every paper written from 
Stanford on this subject including the most recent contribution,” 
which was not referenced by Sibley. What we do say is that 
treatment need not be given without the presence of myocyte 
necrosis in patients on cyclosporine immunosuppression, which 
is an entirely different matter. We have always recognized a 
category of mild rejection in which there is usually no myocyte 
necrosis. Furthermore, on conventional immunosuppression 
(azathioprine and prednisone), treatment must be initiated even 
when there is a mild infiltrate. Therefore, mild rejection is an 
important category to recognize. 

We would also like to comment on the implication that re- 
jection is ‘“‘overdiagnosed” by a failure to recognize biopsy sites. 
This Aas been stressed by other authors’ including ourselves, 
and although the distinction between rejection and old biopsy 
sites can at times be difficult, the problem is usually resolvable 
by recognizing the characteristic combination of myocyte dis- 
array, fibrosis, the presence of hemosiderin-laden macrophages 
and, occasionally, fibrin. The present Stanford 1-year survival 
rate of greater than 85% for cardiac transplantation attests to 
the ongoing contribution of the endomyocardial biopsy and what 
we believe to be our correct interpretation of them. Rather, the 
apparent low rejection rate in the Minnesota experience may 
` well reflect the higher incidence of false-negative biopsies due 
to the very small pieces of tissue obtained by a 6-F sheath utilized 
for the Cordis bioptome. The Stanford group uses a 9-F sheath, 
which yields twice as much tissue. Even with the larger pieces 
afforded by such a bioptome, the false-negative rate is still re- 
ported to be about 5% with three pieces.‘ 


MARGARET E. BILLINGHAM, M.D. 
HENRY D. TAZELAAR, M.D. 
Stanford, California 
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Dear Editor: 


There is no doubt that Dr. Billingham’s work is the major 
contribution in the interpretation of rejection and other causes 
of heart failure in cardiac transplant recipients. However, there 
is cause for confusion in that the diagnosis of “mild acute re- 
jection” in patients who are immunosuppressed with cyclo- 
sporine usually is not followed by treatment with increased im- 
munosuppression; those patients with moderate or severe acute 
rejection are treated with increased doses of immunosuppression, 
and the features for establishing these diagnoses include focal 
myocyte necrosis in moderate acute rejection and marked myo- 
cyte necrosis in severe rejection.’ Thus, even in the most recent 


article (which we regretably did not acknowledge), a diagnosis 


of treatable acute rejection in patients who are immunosup- 
pressed with cyclosporine appears to be based on the presence 
of myocyte necrosis.’ It is our experience, and it appears to be 
Stanford’s as well, that focal minimal—mild, often subendocardial 
or perivascular infiltrates, do not represent acute rejection in the 
usual sense because these infiltrates rarely increase in severity 
during the ensuing days or even weeks to full-blown histologic 
and clinical rejection.? That these cases with “mild acute rejec- 
tion” usually do not represent classic rejection is attested to by 
the excellent survival rate without treatment at Stanford Medical 
Center as well as our own. 

An unanswered question concerns the biologic significance 
of these minimal—mild infiltrates in patients treated with cy- 
closporine. We have noted similar infiltrates in large numbers 
of biopsies from asymptomatic pancreatic, hepatic, and renal 
transplants at the University of Minnesota. 

Our disagreement is probably more than just a semantic one 
since a diagnosis of mild rejection and more severe forms of 
rejection, whether in cardiac, hepatic, renal, or pancreatic trans- 
plantation, should be reserved for those cases where past expe- 
rience has shown that unless treated, there is a high likelihood 
of progressive graft failure in the absence of antirejection therapy. 
Diagnoses should have clinicopathologic relevance, and for that 
reason we recommend that biopsies with focal minimal—mild 
infiltrates (“mild rejection” at Stanford) in patients who are im- 
munosuppressed with cyclosporine be noted as “minimal—mild 
infiltrates present.” We suggest that a diagnosis of mild acute 
rejection should have the same clinicopathologic significance in 
cyclosporine as in conventional azathioprine—prednisone im- 
munosuppression. We have found that extensive multifocal or 
even minimal—mild difuse infiltrates in each biopsy fragment 
(Ratliff's accelerated acute rejection,’ often represent acute re- 
jection in that the patient has clinical symptomatology, and that 
a diagnosis of mild acute rejection is therefore appropriate. We 
agree with Dr. Billingham that moderate acute rejection repre- 
sents a more severe form of rejection based on an increased 
inflammatory infiltrate (although we have difficulty identifying 
myocyte necrosis), and that severe inflammation, myocyte ne- 
crosis, hemorrhage, and polymorphonuclear cell infiltrates rep- 
resent severe acute rejection. In our limited experience with three 
patients, the presence of severe rejection was associated with 
irreversible graft failure. 

We entirely agree that recipients of conventional immuno- 
suppression with the same minimal or mild infiltrates may rep- 
resent mild acute rejection and should be treated because many 
of these patients express clinical symptoms of rejection at the 
time of biopsy or develop clinical symptoms as well as increased 
inflammatory infiltrates in biopsies taken in the ensuing days. 

One of the authors (the pathologist) agrees that a 9-F rather 
than a 6-F sheath should be used to obtain endomyocardial 
biopsies, for the larger amount of tissue obtained allows for an 
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easier, if not more accurate, interpretation. Small biopsies ob- 
tained with the 6-F sheath have necessitated infrequent requests 
for a repeat biopsy because of uncertainty in the diagnosis. 
However, we do not believe that the low incidence of rejection 
at the University of Minnesota is due to a high false-negative 
rate. This is attested to by our excellent survival rate of 93% at 
| year and 84% at 2 years, and the overall lack of clinical rejection 
episodes in our patients during the cyclosporine era. 


RICHARD K. SIBLEY, M.D. 
MARIA-TERESA OLIVARI, M.D. 
W. STEVES RING, M.D. 

R. MORTON BOLMAN, M.D. 
Minneapolis, Minnesota 
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April 17, 1986 
Dear Editor: 


The recent report by Hesse et al.,! documenting the incidence 
and management of intra-abdominal infections in pancreas 
transplant recipients, highlights a particularly high frequency of 
infection due to Candida albicans occurring in these patients. 
Our own experience of postoperative infection that occurred in 
patients who underwent pancreatic surgery for a vanety of benign 
and malignant pancreatic conditions” bears surprising similarity. 

Of 95 patients who underwent pancreatic surgery at the Ham- 
mersmith Hospital Hepatobiliary Unit, postoperative infection 
with C. albicans was particularly common, occurring in 11 of 
49 (23%) patients with chronic benign pancreatic disease and in 
two of 46 (4%) patients with malignant disease. 

Although infrequently encountered as part of the biliary flora, 
C. albicans was recovered from the bile of 10 of 67 (15%) patients 
from whom bile was obtained at the time of initial percutaneous 
transhepatic cholangiography, when performed, or at surgery, 
and was significantly more common in patients with chronic 
benign pancreatic disease (p < 0.02). In the early postoperative 
period, 3-7 days after operation, clinically serious Candida in- 
fections occurred in 11 (23%) patients with benign disease. These 
infections were manifest by the isolation of C. albicans in pure 
culture from clinically infected wounds or drain sites or from 
purulent intra-abdominal drain fluids; candidaemia was present 
in three patients. In six patients, including two with candidemia, 
parenteral antifungal therapy with amphotericin and flucytosine 
was necessitated. The remaining eight patients were managed 
conservatively by the withdrawal of antibiotics, intensive nutri- 
tional support including supplementary parenteral nutrition, and 
by the use of rigorous topical antisepsis where applicable. Despite 
this high isolation rate and the high incidence of associated sepsis, 
there was no mortality attributable to Candida infection. 

Our experience suggests that biliary carriage of C. albicans is 
responsible for many of the postoperative septic complications 
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occurring in patients who underwent surgery for chronic benign 
pancreatic disease. For patients with long-standing pancreatic 
disease necessitating pancreas transplant, biliary colonization 
and resultant small bowel contamination with C. albicans may 
be similarly frequent and the possible source of postoperative 
intra-abdominal infection. The routine use of antibiotic bowel 
preparations before operation may further increase the risk of 
infection. The limited and poorly effective chemotherapeutic 
options available for the management of infection due to Can- 
dida, particularly in the high-risk immunosuppressed patient, 
necessitates the judicious use of prophylactic antibacterials at 
the time of surgery. In view of our findings and the experience 
of Hesse ef al ,' consideration should be given to the prophylactic 
use of antifungal agents in patients who require surgery of the 
pancreas and particularly in patients requiring pancreas trans- 
plant. 


J. L BLENKHARN, M.Sc. 
L. H. BLUMGART, M.D. 
London, England 
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June 19, 1986 
Dear Editor: 


We are responding to the letter from Drs. J. I. Blenkharn and 
L. H. Blumgart regarding our paper entitled “Intra-abdominal 
Infections in Pancreas Transplant Recipients,” Ann Surg 1986; 
203:153~162 published in the February 1986 issue of Annals of 
Surgery, Our reply to the comments of Blenkharn and Blumgart 
is as follows: 

Candida albicans 1s a common infection occurring in patients 
with chronic necrotizing diseases of various organs in whom 
antibiotics have been utilized. We also have seen Candida in- 
fections after surgery for chronic pancreatitis. Blenkharn and 
Blumgart found a high incidence of contamination of the bile 
in their patients operated on for chronic benign pancreatic dis- 
ease. Bile was unlikely to be the source of the Candida infections 
in our pancreas transplant recipients. In our pancreas transplant 
patients, the biliary tract of the recipient was not involved in 
the operation. In the recipients of whole pancreas transplants, 
the donor bile duct has been transected and was part of the graft, 
but again this was an unlikely source of the Candida infection. 
The normal biliary tract is sterile and only in patients undergoing 
repeated operations on the biliary tract will Candida normally 
be found. The intestinal tract, however, is contaminated with 
Candida, and the intestine was opened in many of our pancreas 
transplant recipients. Patients with enteric drainage of the pan- 
creas graft had the highest incidence of Candida infections. 

In nonimmunosuppressed patients who are clinically well, 
Candida can be a contaminant of drained fluid, and pharyngeal, 
stool, and vaginal cultures also may include Candida when the 
flora from these locations are altered by antibiotic therapy. In 
immunosuppressed patients (including patients who had major 
surgical operations or trauma), who are treated with antimicro- 
bial agents, the alteration in flora can lead to overgrowth of 
Candida and clinical infections. The pathogenesis of Candida 
infection appears to require alteration in both host immuno- 
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competence as well as a concomitant change in the endogenous 
flora. Thus, in patients who receive immunosuppression and in 
whom the intestinal tract is open, an attempt should be made 
to eliminate Candida since Candida is a normal part of the in- 
testinal flora. The exact choice of which patients should be treated 
with prophylaxis for Candida, the dose to be used, and the length 
of time that it should be used are matters for serious debate. 
Amphotericin B has several toxicities, and conservatism would 
appear warranted for most patients. 

Our current approach to patients who are contaminated at 
several sites (drains adjacent to mucosa, vagina, and stool), is 
to treat the patient with antifungal agents until the clinical pro- 
gress of the patient is such that antimicrobial agents are not 
indicated. This approach is different from that of the patient 
with candidemia or active disseminated infection; in this situ- 
ation, amphotericin B is given in a high dose (total dose 1.5- 
2.5 g) over a long term. 

In our early experience with pancreas transplants, we were 
unsuccessful in preventing Candida infections in several patients. 
Currently, we use topical amphotericin B during operation and 
administer a short-term course of systemic amphotericin B after 
operation. When there are no bacterial infections that require 
systemic antimicrobial agents, we rarely see Candida alone. 
Nevertheless, Candida is a common concomitant of treated se- 
rious microbial infections. It is not yet clear whether the pro- 
phylactic use of systemic amphotericin B will improve the results. 
However, since our article was written we have performed 30 
additional pancreas transplants. Three of the recipients have 
had infections, and in only one patient was Candida involved. 
Thus, the changes we have implemented appeared to be asso- 
ciated with a decrease in the incidence of Candida infections. 


DAVID E. R. SUTHERLAND, M.D. 
RICHARD L. SIMMONS, M.D. 
Minneapolis, Minnesota 


May 20, 1986 
Dear Editor: 


It was with great interest that we read the paper of Forester 
et al. entitled, “Hypercalcemia in Critically Ill Surgical Patients,” 
Ann Surg 1985; 202:512-518. The authors presented two cases 
of documented primary hyperparathyroidism that appeared after 
lengthy stays in an intensive care unit. They hypothesized that 

. the exposure of these patients to events that induce low 
concentrations of ionized calcium stimulates parathormone se- 
cretion. Following repeated episodes of hypocalcemia, autono- 
mous secretion of PTH may develop, producing a state of hy- 
perparathyroidism.” We would like to report a similar but more 
severe case of hyperparathyroidism i in a male patient with a 
prolonged course of sepsis after surgery, but without bouts of 
hypocalcemia during his intensive care unit stay. 

A 56-year-old white male had a strangulated and infarcted 
loop of small bowel. During a 58-day hospitalization, he un- 
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derwent an enterectomy, cholecystectomy, and enterolysis, and 
stayed in the intensive care unit 35 days with complications that 
included Pseudomonas pneumoniae, an intra-abdominal abscess, 
ARDS, and acute renal failure. The total serum calcium level 
(mg%) on admission was 9.1 with an albumin level (mg%) of 
3.7: During the patient’s intensive care unit stay, calcium and 
albumin levels were obtained approximately every 48 hours, 
and the lowest calcium level recorded was 8.4 with an albymin 
level of 2.2. Nine days after his hospital discharge, the patient 
developed polyuria, polydypsia, lethargy, and confusion. His 
calcium level had increased to 17.2 with a c-terminal parathor- 
mone measurement of 686 pg/mL, (normal 0-340 pg/mL) and 
a calcitonin level of 29 pg/mL, (normal <35). The patient was 
treated medically for 3 weeks with the hope that the condition 
might resolve spontaneously, as it did in Forester et al.’s index 
case. Control, however, became more difficult, and a subtotal 
parathyroidectomy was performed. The ‘resected glands had 
various degrees of hyperplasia on microscopic examination. The 
total calcium level fell to 9.6 with a parathormone level of 164 
pg/mL after operation. 

- Although we agree that critically ill patients may develop hy- 
perparathyroidism as a result of sepsis, shock, transfusions, and 
other factors, we question the postulate that hypocalcemia is the 
stimulus for hyperplasia since it was not present in the above 
case. 


ALAN D. GRAHAM, M.D. 
MARK ADAMS, M.D. 
London, Kentucky 


June 30, 1986 
Dear Editor: i 


This letter is in response to the letter of Drs. Grabam and 
Adams in response to our paper published in Ann Surg 1986; 
205:153—162. Thank you very much for taking an interest in 
our papér and in reporting your case. 

We also had patients in whom we were unable to document 
low ionized calcium levels. We surmised that we had incomplete 
data collection in those patients. Our paper was meant to suggest 
an etiology, but it could not prove one. 

However, since your patient did have high calculated ionized 
calcium levels of 4.8 and 4.2 mg%, he may have had hyper- 
parathyroidismi on admission. Certainly a measured ionized cal- 
cium level during your patient’s illness would have been. very 
illuminating. 

We hope that our understanding of this entity will be enhanced 
by our current prospective study of these patients. 


JAMESON FORSTER, M.D. 
KENNETH BURCHARD, M.D. 
DONALD S. GANN, M.D. 
Providence, Rhode Island 
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pared with drugs which are not mused agontst-antagonists, it has been 
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Safe use of NUBAIN in pregnancy has not been established Although 
animal reproductive studies have not revealed teratogenic or embryctouc 
effects, nalbuphine should only be administered to pregnant women when, 
in the judgement of the physician, the potential benefits outweigh the 
possible hazards. Use During Labor and Delivery NUBAIN can produce 
respiratory depression in the neonate. ft should be used with caution pn 
women delivering premature infants. Head Injury and Increased Intra- 
cranial Pressure The possible respiratory depressant effects and the 
potential of potent analgesics to elevate cerebrospinal fluid pressure (re- 
sulting from vasodilation following CQ: retention) may be markedly exag- 
gerated in the presence of head injury, intracranial lesions of a pre-existing 
increase in intracranial pressure. Furthermore, potent analgesics can pri- 
duce effects which may obscure the clinical course of patients with head 
mjunes. Therefore, NUBAIN should be used in these circumstances only 
when essential, and then should be administered with extreme caution. 
interaction With Other Central Nervous System Depressants Although 
NUBAIN possesses narcotic antagonist activity, there is evidence that in 
nondependent patients it will not antagonize a narcotic analgesic admin- 
istered just before, concurrently, or just after an injection of NUBAIN, 
Therefore, patients receiving a narcotic analgesic, general anesthetics, 
phenothiazines, or other tranquilizers, sedatives, hypnotica, or other CNS 
depressants (including alcohol) cancomitantly with NUBAIN may exhibit an 
additive effect. When such combined therapy is contemplated, the dose of 
ane of both agents should be reduced. 


PRECAUTIONS Impaired Respiration At the usual adult dose of 1¢ mg/70 
kg, NUBAIN causes some respiratory depression approximately equal to 
that produced by equa! doses of morphine. However, in contrast to mor- 
phine, respiratory depression is not appreciably increased with higher 
deses of NUBAIN. Respiratory depression induced by NUBAIN can be re- 
versed by NARCAN® (naloxone hydrochloride) when indicated. NUBAIN 
should be administered with caution at low doses ta patients with impaired 
respiration feg., from other medication. uremia, bronchial asthma, severe 
infection, cyanosis or respiratory obstructions). Impaired Renal or Hepatic 
Function Because NUBAIN is metabolized in the liver and excreted by the 
kidneys, patients with renal or liver dysfunction may overreact to customary 
doses. Therefore, in these individuals, NUBAIN should be used with caution 
and administered in reduced amounts. Myocardial Infarction As with ali 
potent analgesics, NUBAIN should be used with caution in patients with 
myocardial infarction whe have nausea or vomiting. Biliary Tract Surgery 
As with all narcotic analgesics, NUBAIN should be used with caution in 
patients about to undergo surgery of the biliary tract since it may cause 
spasm af the sphincter of Oddi. 


ADVERSE REACTIONS The most frequent adverse reaction in 1066 patients 
treated with NUBAIN is sedation 381 (36%). Less frequent reactions are: 
sweaty/clammy 99 (9%), nausea/vomiting 68 (6%), dizziness/vertigo 58 
(5%), dry mouth 44 (4%). and headache 27 (3%). Other adverse reactions 
which may occur {reported incidence of 1% or Jess} are. ONS Effects 
Nervousness, depression, restlessness, crying, euphoria, floating, hastility, 
unusual dreams, confusion, faintness, hallucinations, dysphona, feeling 
of heaviness, numbness, tingling, unreality. The incidence of psychotomi- 
metic effects. such as unreality, depersonalization, delusions, dysphoria 
and hallucinations has been shown to be jess than that which occurs with 
pentazocine. Cardiovascular Hypertension, hypotension. bradycardia, 
tachycardia. Gastrointestinal Cramps, dyspepsia, bitter taste. Respiration 
Depression. dyspnea, asthma. Dermatological itching, burning. urticaria. 
Miscellaneous Speech difficulty, urinary urgency, blurred vision, flushing 
and warmth. Patients Dependent on Narcotics Patients who have been 
taking narcotics chronically may experience withdrawal symptoms upon 
the administration of NUBAIN. If unduly froublesame, narcetic withdrawal 
symptoms can be controlled by the stow intravenous administration of 
small increments of morphine, until relief occurs. H the previous analgesic 
was morphine, meperidine, codeine, or other narcotic with similar duration 
of activity, one-fourth of the anticipated dese of NUBAIN can be adminis- 
tered initially and the patient observed for signs of withdrawal, ie., abdom- 
inal cramps, nausea and vomiting, Jacrimation, rhinorrhea, anxiety, 
restlessness, elevation of temperature or piloerection. If untoward symp- 
toms da not occur, progressively larger doses may be tried at appropriate 
intervals until the desired level of analgesia is obtained with NUBAIN. 
Management of Overdosage The immediate intravenous administration 
at NARCAN® (naloxone hydrochloride) is a specific antidote. Oxygen, intra- 
venous fluids, vasopressors and other supportive measures should be used 
as indicated. The administration of single doses of 72 mg of NUBAIN 
subcutaneously to eight normal subjects has been reported to have resulted 
primarily in symptoms of sleepiness and mild dysphoria. 
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Massachusetts General Hospital, history of, 205 
Melanoma 
distant metastasis of, surgery in, 181 
monoclonal antibody imaging of, 223 
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Meperidine, and motility of sphincter of Oddi, 53 
Metabolism 

and energy expenditure in cancer patients, 628 

of glucose and urea, in pancreatitis, 665 

and oxidation of body fuel stores in cancer patients, 637 
Metamizol, and motility of sphincter of Oddi, 53 
Monoclonal antibody studies of melanoma, 223 
Morphine, and motility of sphincter of Oddi, 53 
Muscle 

proteolysis after hypothermic anesthesia, 419 

responses to amino acid infusions, 513 
Mycotic embolism, and aneurysms, 300 


N 


Nasogastric decompression, postoperative (Letters), 102 
Neck 
fasciae of, 705 
penetrating wounds of, panendoscopy with arteriography in, 


21 

Necrolysis, toxic epidermal, management without corticoste- 
roids, 503 

Neuropathic foot in diabetes, antibiotics and boot therapy in, 
643 


Neurotensin levels, in chronic pancreatitis, 430 
Nissen fundoplication, in gastroesophageal reflux, 9 
Nuclear magnetic resonance studies, of intestinal ischemia, 83 
Nutrition 
amino acid infusions in 
and metabolism in sepsis (Letters), 615 
muscle responses to, 513 
effects of glucose infusions in pancreatitis, 665 
and energy expendit@re in cancer patients, 628 
lipid types in diet after burns, | 
and oxidation of body fuel stores in cancer patients, 637 
in percutaneous endoscopic gastroscopy, 543 
total parenteral, acute discontinuation of, 524 


O 


Ornithine decarboxylase activity, in colorectal neoplasia, 89 

Osteomyelitis, in diabetes, treatment of, 643 

Oxidation of body fuel stores, in cancer patients, 637 

Oxygenation, extracorporeal membrane, in neonatal respiratory 
failure, 236 


P 


Pain, abdominal, in AIDS, 619 
Pancreas 
cancer of, metastases of, 65 
resection with pyloric and gastric preservation, 411 
segmental autotransplantation of, and insulin secretion, 585 
splenopancreatic disconnection with distal splenorenal shunt, 
346 
transplantation of, and intra-abdominal infections (Letters), 
726 
Pancreatic-duct reflux, and gallstone pancreatitis, 59 
Pancreatic polypeptide levels, in chronic pancreatitis, 430 
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Pancreaticobiliary disease with duodenal diverticula, ducde- 
nojeyunostomy in (Letters), 101 

Pancreatitis 

acute, peritoneal lavage in, 122 

chronic, gastrointestinal hormones in, 430 

severe, glucose and urea metabolism in, 665 
Pancreatoduodenectomy, pylorus-preserving, 655 
Papaverine, intrathecal, and spinal cord blood flow, 38 
Paraplegia, prevention in cross-clamping of thoracic aorta, 38 
Pentazocin, and motility of sphincter of Oddi, 53 
Pepsinogen secretion, dual modulation of, 559 
Peritoneal lavage, in acute pancreatitis, 122 
Peritonitis, thrombocytopenia after, 341 
Platelets 

growth factors affecting wound repair, 322 

thrombocytopenia after peritonitis, 341 
Plumbism, from retained missiles, 594 
Pneumothorax, in cystic fibrosis, talc poudrage in, 677 
Polyamine levels, in colorectal neoplasia, 89 
Polybutester sutures, for abdominal wound closure, 193 
Polvposis coli, familial 

desmoid tumors in, 94 

ileal pouch—anal anastomosis in, 375 
Portacaval H-grafts, diameters of, 356 
Poudrage, talc, in pneumothorax with cystic fibrosis, 677 
Pregnancy, after proctocolectomy, 624 
Presidential Address, 205 
Proctocolectomy, and sexual function in women, 624 
Prostaglandin, and gastric mucosal injury, 698 
Proteolysis, postoperative, after hypothermic anesthesia, 419 
PTFE 

in femoropopliteal bypass, compared to saphenous vein (Let- 

ters), 613 

portacaval H-grafts, diameters of, 356, 

silicone graft for hemodialysis, 574 
Pylorus preservation in pancreatoduodenectomy, 655 


R 


Radiotherapy and lumpectomy, in breast cancer, 136 
Rectal cancer 
comparison of abdominoperineal and sphincter-saving resec- 
tions in, 480 
low anterior resection in, 133 
Reflux 
enterogastric, and bile vomiting, 537 
gastroesophageal, Nissen fundoplication in, 9 
pancreatic-duct, and gallstone pancreatitis, 59 
Respiratory failure, neonatal, extracorporeal membrane oxy- 
genation in, 236 
Revascularization procedures, in middle aortic syndrome, 331 


5 


Saline infusions, in hemorrhagic shock, 686 
Saphenous vein grafts, compared to PTFE, for bypass procedures 
(Letters), 613 
Schistosomiasis, portal hypertension in, 148 
distal splenorenal shunt in, 566 
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Sclerotherapy in esophageal varices, and follow-up of patients, 
78 
Sexual function, in women after proctocolectomy, 624 
Shock, hemorrhagic, resuscitation from, 686 
Sphincter-saving resection, compared to abdominoperineal 
procedure, in rectal carcinoma, 480 
Spinal cord blood flow, in cross-clamping of thoracic aorta, 38 
Splenic vein obstruction, and segmental portal hypertension, 72 
Splenopancreatic disconnection, with distal splenorenal shunt, 
346 
Splenorenal shunt, distal, in schistosomal portal hypertension, 
566 
Stapling, bladder closure with, 186 
Stevens-Johnson syndrome, management without corticoste- 
roids, 503 
Stomach 
cancer survival in Sweden, 546 
early resection of carcinoma, 103 
function after esophagogastrostomy, 114 
function after pylorus-preserving pancreatoduodenectomy, 
655 
mucus thickness in prevention of gastric mucosal injury, 698 
vagotomy, proximal, 108 
Subclavian vein catheter placement, and monitoring with elec- 
trocardiogram, 673 
Sulfhydryl compounds, and gastric protective effects of prosta- 
glandins, 698 
Superoxide dismutase, and spinal cord blood flow after aortic 
cross-clamping, 38 
Sutures, polybutester, for abdominal wound closure, 193 
Sympathectomy, bilateral upper dorsal, cardiac effects of, 715 


T 


Talc poudrage, in pneumothorax with cystic fibrosis, 677 
Tetralogy of Fallot, results of corrective surgery in, 490 
Thrombocytopenia, after peritonitis, 341 
Tracheoesophageal fistula, and esophageal atresia, 446 
Tramadol, and motility of sphincter of Oddi, 53 
Transfusions 
donor specific protocol for, in kidney transplantation, 315 
and macrophage~lymphocyte interactions, 68 | 
Transplantation 
cardiac, 308 
and endomyocardial biopsy findings (Letters), 725 
and fetal allograft survival, 401 
hepatocyte, and extracorporeal liver support, 259 
kidney 
and colon perforation in recipients (Letters), 724 
and donor-specific transfusions, 315 
outcome in children, 246 
and pediatric donors for adult recipients, 172 
liver 
auxiliary partial, in pigs, 552 
survival in, 364 
pancreas, and intra-abdominal infections (Letters), 726 
Trauma 
host defense in, 282 
of liver, management of, 438 
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Ulcer disease 
duodenal, proximal gastric vagotomy in, 108 
enterogastric reflux after surgery in, 537 
results of surgery in, 454 
Ultrasonography 
Doppler velocity metering systems in carotid artery disease, 
32 
operative, in liver tumors, 600 
Urea metabolism, in pancreatitis, 665 


V 


Vagotomy, proximal gastric, 108 
Varices, esophageal 
distal splenorena? shunt in 
in schistosomal portal hypertension, 566 
with splenopancreatic disconnection, 346 
and follow-up after sclerotherapy, 78 
portacaval H-graft diameters in, 356 
in schistosomiasis, 148, 566 
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Vasculature 
blood flow in forefoot after arterial surgery, 176 
Doppler velocity metering systems in carotid artery disease, 
32 
endothelial cell antigen system in atherosclerosis (Letters), 616 
middle aortic syndrome, 331 
splenic vein obstruction and segmental portal hypertension, 
72 
Venous pressure, central, and positioning of subclavian vein 
catheters, 673 


W 
Weight loss, in cancer patients 
energy expenditure in, 628 
oxidation of body fuel stores in, 637 
Wilms’ tumor, intracardiac extension of, 693 
Wound repair, platelet growth factors affecting, 322 
Z, a 
Zollinger—Ellison syndrome, gastrinoma resection in, 468 
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SURGEON 


General and vascular surgeon 
needed to join a University affiliat- 
ed surgical section of a large multi- 
specialty clinic located in a South- 
west Metropolitan city. VS graduate. 
BC/BE preferred. Vascular fellow- 
ship to start July 1987 or sooner. 


Please send resume to: 


NAS REPLY SERVICE 
DEPT. 10AL7 
P.O. BOX 36266 
ALBUQUERQUE 
NEW MEXICO 
87176-8717 


An Equal Opportunity 
Affirmative Action 
Employer M/F/H/V 


RENAL TRANSPLANT SURGEON 
CHARLESTON, WEST VIRGINIA 


398 UR - An exceptional opportunity exists for a board certified 
general surgeon or urologist with documented credentials in 
transplantion surgery to develop an overall statewide renal 
transplant surgery program in conjunction with the West Virginia 
University School of Medicine, Morgantown. The 934 bed Charies- 
ton Area. Medical Center is university affiliated, but a private 
community hospital. Therefore, the candidate sought should 
have a firm understanding of the concepts of private practice and 
should possess the ability to develop a “top notch” referral 
service. If an employment relationship is desired, the position 
would be available in a non-tenured track at the Associate 
Professor level. 

The medical center has excellent technology and is ready to 
launch the program. There are four well qualified nephrologists 
who enthusiastically support the offering of transplant care. 
The hospital will complete new surgery suites and a new ICU 
unit in January 1987. 

Charleston is the focal point of the Kanawha Valley and its 
educational, cultural and recreational offerings are abundant. 


For more information regarding the above, please direct con- - 


fidential inquiry. to: 
= Aaron Risen, Physician Placement Specialist 
VHA: Physician Placement Services 
1600 Embassy Square Blvd., Suite 1605 
Louisville, Kentucky 40299 
_ Call Toll Free 1-800-626-1857 
Un Kentucky) 1-800-292-1856 


The future ofA merica’ 5 Health Care 
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THE DEPARTMENT OF SURGERY 
LONG ISLAND JEWISH MEDICAL CENTER 


VASCULAR SURGERY 1987 
Current State of the Art 
(3rd International Vascular Symposium) 





Thursday, Friday and Saturday 
May 14, 15 and 16, 1987 


The New York Hilton 
New York, New York 


Program Chairman: John B. Chang, M.D., Director, Long 
Island Vascular Clinic and Vascular Laboratory, Roslyn, 
New York; Chief, Division of Vascular Surgery, Long 
istand Jewish Medical Center, New Hyde Park, New York 


Tuition: $400.00 for practicing physicians 


This symposium is designed to present the current 
state of the art of vascular surgery to physicians 
and surgeons who deal with vascular disease pro- 
blems. The program offers: 


e Up-to-date clinical and laboratory information 
applicable to patient care. 

e Review of selective surgical problems and 
management. 

e Exchange of information through panel 
discussions. 

e In-depth information on surgical principles 
and techniques for practicing vascular sur- 
geons and surgeons-in-training. 

e Vascular Laboratory Workshop 

e Comprehensive review and information for 
vascular laboratory nurses and technologists. 


Accreditation: 22 credit hours in Category 1 from the 
ACCME and AMA. 


For further information, please contact: Ann J. Boehme, 
Associate Director for Continuing Education, Long Island 
Jewish Medical Center, New Hyde Park, NY 11042. 
Telephone: (718) 470-8650 








CALL FOR PAPERS 
Best Scientific Paper 
$2,500.00 


Medical students, surgical residents and vascular 
fellows are invited to submit scientific papers for 
the 3rd international Symposium on Vascular 
Surgery. 


$2,500.00 will be awarded for the best scientific 
paper. The winner will present the selected paper 
at the 3rd International Symposium and the paper 
will be published in a subsequent book. Round- 
trip air transportation, economy class to New 
York, will be paid for winner and guest, as well as 
hotel accommodations and nominal expenses. 


For Scientific Paper Guidelines contact: Ann d. Boehme, 
Associate Director for Continuing Education, Long Island 
Jewish Medical Center, New Hyde Park, NY 11042 
Telephone: (718) 470-8650 





General Surgeon desires relocation ~~ 43 y.o., Board Certified, 
U.S. Graduate, wishes to relocate to Midwest community over 
40,000 pop. Please send inquiries to: Box ANNI2ZA, J.B. Lippin- 
cott Company, East Washington Square, Philadelphia, PA 
19105. 





Board-certified /Board-eligible general surgeon with interest or 
fellowship in colorectal surgery to join expanding department in 
multispecialty group practice, serving FFS and prepaid patients 
in Central Massachusetts. Send CV to Medical Director, Fallon 
Clinic, 630 Plantation Street, Worcester, Massachusetts 01605. 





COSMETIC SURGERY FELLOWSHIP, DEPARTMENT 
OF COSMETIC SURGERY, GRADUATE HOSPITAL, 
Philadelphia, PA. Available July 1987. Twelve month program. 
Yearly case load of over 3,000 facial, dermatologic, and general 
plastic procedures. Candidates must have had an Otolaryngol- 
ogy Head Neck or a General Surgical residency to qualify. 
Surgical staff composed of Facial Cosmetic Surgeon, Plastic 
and Reconstructive Surgeon, and Dermatologic Cosmetic Sur- 
geon. Call or Write: Julius Newman, M.D., Chairman, 1455 
City Line Avenue, Philadelphia, Pennsylvania 19151, 
215-896-6677. 





GENERAL SURGEON, Great Barrington, Massachusetts. 
Wonderful opportunity to assist with formation of 2 person 
private practice in beautiful community located in the scenic 
Berkshire Hills in Western Mass. with a high quality of life and 
an array of cultural and athletic opportunities. We offer a 
“supported” income arrangement and excellent hospital oppor- 
tunities including an association with a prpgressive community 
hospital and a linkage with a major affiliate of the University of 
Massachusetts Medical School. Send letter of introduction and 
curriculum vitae to: Maryann Hughes, Vice President, Berk- 
shire Health Systems, 725 North Street, Pittsfield, MA 01201; 
(413) 499-4161, ext. 2783. An equal opportunity employer. 





SAMPLE ADVERTISEMENT FOR THE DIRECTOR OF 
THE DEPARTMENT OF SURGERY, THE MEDICAL 
CENTER OF DELAWARE. The Medical Center of Delaware, 
an 1100-bed. tertiary care major teaching affiliate of Thomas 
Jefferson University with a five year general surgical residency 
seeks a Director for the Department of Surgery. All surgical 
specialties are represented including cardiac surgery. The Medi- 
cal Center is the major trauma referral center for the State of 
Delaware. There are approved programs in surgery. internal 
medicine, emergency medicine, ob-gyn, pediatrics, radiology 
and family practice. Candidates should have superior clinical 
abilities as well as demonstrated experience in teaching. 
research, and administration. The successful candidate will be 
eligible for academic appointment at Jefferson Medical College 
of the Thomas Jefferson University in Philadelphia, Pennsyl- 
vania. Please send curriculum vitae and three references 
independently to: John T. Hogan, M.D., Chairman, Search 
Committee, The Medical Center of Delaware, Medical-Dental 
Staff Office, P.O. Box 1668, Wilmington, DE 19899. The Medi- 
eal Center of Delaware is an affirmative action; equal 
opportunity employer. 








TRAUMA SURGEON - PENNSYLVANIA. Join 27S MD's 
in 500+Category I pts. Hosp will receive Level | designation 
shortly. Full, advanced equip includes own copters. CT & angio- 
graphy in ER, plus NMI, hyperbaric chamber, all monitors, 
Top surgical specialty support including 18 surg residents. Res 
& publish encouraged. Non-urban, central PA locale ideal for 
family, recreation. Enjoy excell salary, benefits include 8 wks 
vac & CME. Call 215/363-5600 or send CV: Bill Gregory, c/o 
John Downing Assocs., PO Box 452, Lionville, PA 19353. 





BURN FELLOWSHIP—The New York Haspital-Cornell 
Medical Center Burn Center is a modern burn treatment facility 
with 24 intensive care beds and annual admission of 600 
patients. During the year’s experience, the Fellow will be respon- 
sible far total care of all burned patients, for house office 
education, and for participation in original and ongoing clinical 
research protocols, The Burn Center is the recipient of an NIH 
Burn) Trauma Research Center Grant and supports comprehen- 
sive laboratories with state of the art instrumentation and active 
investigators in the fields of wound healing, immunology, 
metabolism, nutrition, and cardiopulmonary response to 
injury. An additional year in the laboratory may be elected by 
the Fellow. Candidates preferably should be board eligible tn 
general surgery. but we will strongly consider academically 
onented senior surgical residents from university programs 
incorporating the fellowship as part of their training programs. 
Send inquiries to Cleon W. Goodwin, M.D., director New York 
Hospital-Cornell Medical Center, 525 East 68th Street, Room 
F2314, New York, New York 10021. 





INTENSIVIST to direct 40 bed intensive care/coronary care 
unit for a large multi-specialty hospital. Surgical, internal medi- 
cine, anesthesia or emergency medicine background with 
completion of critical care fellowship or equivalent required. 
Must be board qualified ‘certified in critical care medicine. 
Experience in managing a large unit preferred. Send CV to 
Pansy Kwong, M.D., Assistant Physician-in-Chief, Kaiser 
Foundation Hospital Oakland, 280 W. MacArthur Bivd., Oak- 
land, CA (418) 428-8421. 





Thoracic/ Vascular Surgeon. Excelent opportunity for 
well-trained BC/BE to join busy two man group in desirable 
greater N.Y. metropolitan area, Please forward inquiries and 
C.V. to Box ANNI2B, J.B. Lippincott Company, East 
Washington Square, Philadelphia, PA 19105. 





ACADEMIC SURGEON AND CHAIR—University of Ne- 
vada School of Medicine seeks to appoint surgeon/ Chair at 
Professor Jevel. Board Certification in surgery required. Leader- 
ship position in School of Medicine requiring demonstrated 
interest /ability in teaching practice of surgery/ research. History 
of successful interaction with practice community required. 
Must be able to provide leadership in developing skills. 
interest/capabilities in teaching/research and patient care. 
Must be eligible for Nevada medical licensure. Submit letter of 
application, CV, and names/addresses of five references to, 
H.H. Sheld, M.D., 2570 S. Bruce Street, #B4, Las Vegas, Ne- 
vada 89102. Closing date January 15, 1987, or until position 
filled. AA/ EOE. 
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STUART PHARMACEUTICALS 


Denon of HC) Amenncas Inc 
Wiimington. Delaware 19897 


Please see last page 
of this advertisement for brief summary 
of prescribing information. 








CEFOTAN’ (cefotetan disodium) is an ideal agent 

in the treatment of intra-abdominal infections. 

As active as cefoxitin against Bacteroides fragilis— 
the most common anaerobe in intra-abdominal 
sepsis'—CEFOTAN provides superior gram-negative 
coverage and Is particularly active against 
Escherichia coli and other common gram-negative 
pathogens. 





CEFOTAN is equal 
to cefoxitin in activity 
against B fragilis 


In vitro activity* against B fragilis 
MIC (pg/mL) 
Investigator No. of Strains CEFOTAN Cefoxitin 


*In vitro activity does not necessarily correlate with in vivo effectiveness. 
tFor cefoxitin, 388 strains were studied. 


CEFOTAN has 

superior activity against - 
the common l 
gram-negative organisms 


Comparison of in vitro activity against common gram- img bacteria’ 
MIC,, MICS (ug/ml) 
Organism No. of Strains CEFOTAN Cefoxitin 


Investigators: Ayers LW, Jones RN, Barry AL, et al 
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CEFOTAN has a half-life of 3 to 4.6 hours— 

more than 3 times that of cefoxitin.” And 

CEFOTAN sustains effective plasma concentra- 

tions for 12 hours.’ This outstanding pharmaco- i 
kinetic profile permits twice-daily dosing in 

treatment and single-dose prophylaxis. 


CEFOTAN—effective 
twice-daily treatment 
and single-dose 
prophylaxis 








O In US clinical studies of intra-abdominal infections, 
CEFOTAN demonstrated a clinical cure rate of 96%: 


Clinical success* in abdominal surgical prophylaxis? 





Biliary tract 
Appendiceal 
Colorectal’ 


“Clinical success is defined as no signs or symptoms of intra-abdominal Investigators: Fabian T, Zellner S, Jagelman D, et al? 


or postoperative wound infection during the hospital stay and tColorectal procedures were performed without 
follow-up period of seven to ten days postdischarge. benefit of preoperative oral bowel prep. 


O In prophylaxis, CEFOTAN provides single-dose 
protection—even in delayed or prolonged procedures 


Switch to 


CEFOTAN ... 


a cefotetan disodium) 


for brief summary of prescribing information. The cost-effective replacement for cefoxitin 
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CEFOTAN provides cost-effective therapy. 
For treatment, the usual adult dosage 

of CEFOTAN is 1 to 2 g every 12 hours* 

In prophylaxis, CEFOTAN is administered 
as a single 1- or 2-g dose.t 


Twice-daily CEFOTAN 
can save 45% In 
total treatment costs 


Overall cost of treatment with CEFOTAN and cefoxitin 


CEFOTAN Cefoxitin 





Regimen 20. DLO. 2g q.i.d. 
Drug cost/dose $15.60 $13.60° 
Delivery cost/dose’"° + 5.00 + 5.00 
Total cost/dose $20.60 $18.60 
Number of doses/day k2 x4 
Total cost/day $41.20 $74.40 
Cost savings/day , $33.20 


Savings with CEFOTAN 45 % 


*Maximum daily dose should not exceed 6 g. In patients with renal impairment, dosage adjustment is necessary. (Consult brief summary.) 

‘In prophylaxis, CEFOTAN is administered 30 to 60 minutes prior to surgery or, in patients undergoing cesarean section, as soon as the umbilical 
cord is clamped 

‘Direct price from Drug Topics Red Book, ed 89. Oradell, NJ, Medical Economics Co, p 362 

‘Minimum overall costs of supplies and labor for antibiotic preparation and administration, 





4 Single-dose prophylaxis can save 63% when 
compared with cefoxitin’ 


f 
0 CEFOTAN has a proven record of safety’ 

Adverse events are generally few and similar to those seen with 
first-generation cephalosporins. 
{Includes acquisition and delivery’? costs for comparable 
regimens—CEFOTAN, 2 g x 1; cefoxitin, 2 g x 3. 

Switch to 

CE f O IAN MNV 





icefotetan disodium | 


Please see next page for brief 


sinar al presarbing niarit The cost-effective replacement for cefoxitin 


g 


k a ‘ ai 
= g O TAI W.. 


_ (cefotetan disodium) 


= For Intravenous or Intramuscular Use 





CEFOTAN* (cefotetan disodium) 


BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 


Urinary tract infections caused by E coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morgann ) 


_ Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 


Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus 
influenzae (including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), 
and E coli. 


Skin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis ,* Streptococcus pyogenes and Streptococcus 


species (excluding enterococci). and F coli 


Gynecologic infections caused by Staphylococcus aureus’ (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,* Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species! and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species") 


intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae"), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 


Bone and joint infections caused by Staphylococcus aureus + 
“NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan 
'Efficacy for this organism in this organ system was studied in fewer than ten infections 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy. 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 


CONTRAINDICATIONS 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics 


WARNINGS 

Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous nig ti reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any peran who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require Py om and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
Spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit 
overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary 
cause of antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind 
the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should 
be managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not 
relieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for 
otro ia pseudomembranous colitis produced by C difficile. Other causes should also be 
considered. 


PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 


INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by eae sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages following the administration of CEFOTAN. 


DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function 
should be carefully monitored. especially if higher gorenes of the aminoglycoside are to be adminis- 
tered or if therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglyco- 
side antibiotics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 
it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 


DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
Creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and popoe in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogo- 
nia and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions 
were dose-dependent; at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 
treated animals was affected, and the degree of degeneration was mild. Similar lesions have been 
observed in experiments of comparable design with other methylthiotetrazole-containing antibiotics 
and impaired fertility has been reported, particularly at high dose levels. No testicular effects were 
observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs 
(3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to 
humans is unknown. 


USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women, Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 


USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations 
Caution should be exercised when cefotetan is administered to a nursing woman 


PEDIATRIC USE: Safety and effectiveness in children have not been established 


ADVERSE REACTIONS 
In clinical studies the following adverse effects were considered related to CEFOTAN therapy 


Gastrointestinal symptoms occurred in 1.5 percent of patients: the most frequent were diarrhea (1 in 
80) and nausea (1 in 700) 


Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 
(1in 200), positive direct Coombs’ test (1 in 250), and thrombocytosis (1 in 300). 


Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700) 


Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 


Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 


DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 
determined by the condition of the patient, severity of the infection, and susceptibility of the causative 
organism. 





GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 














Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3g every 12 hours IV 





“Maximum daily dosage should not exceed 6 grams 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be 
administered as soon as the umbilical cord is clamped. 


IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
TH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 











mL/min - Dose Frequency 
-30 Usual Recommen®d Dose* Every 12 hours 
10-30 Usual Recommended Dose * Every 24 hours 
<10 Usual Recommended Dose * Every 48 hours 





* Dose determined by the type and severity of infection, and susceptibility of the causative organism 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
SiS, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 


HOW SUPPLIED 


) 
2 g in 20 mL vial (NDC 0038-0377-20) 
1g in 100 mL vial hte 0038-0376-11) 
2 gin 100 mL vial (NDC 0038-0377-21) 


Manufactured for 


STUART PHARMACEUTICALS 


Division of ICI Americas Inc 
Wilmington, Delaware 19897 
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